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Predicting and Analyzing Regional Carrying Capacity of
Water Resources in Yichang Using a Grey Model
LIU Zhi-ming', ZHOU Zhen-zhong”, WANG Yong-qiang', HONG Xiao-feng'
( 1.Hubei Provincial Key Laboratory of Basin Water Resources and Ecological Environmental

Science, Yangtze River Scientific Research Institute, Wuhan 430010, China;
2.Yichang Water Resources Management Center, Yichang 443000, China)

Abstract ; Research on the carrying capacity of water resources involves comprehensive evaluation and prediction
and analysis. With Yichang City as a case study, we assessed the comprehensive carrying capacity of a composite
system including water resources subsystem, social economy subsystem, and ecology subsystem. Firstly we predic-
ted the carrying capacity of water resources in target years 2020, 2025, and 2030 using GM(1,1) model. Further-
more,, we examined the sustainability of social economic development pattern under four scenarios based on analysis
of the uncertainty of the prediction results in line with the Most Strict Water Resources Management Policy and the
River Chief System. Research findings unveiled that the carrying capacity of water resources in Yichang is good in
future, reaching degree | around 2025. Under scenario three, in which sewage declines, river water quality im-
proves, eco-environmental water use and forest cover remain increasing, the social economic development is well
sustainable. Thus, we propose that social economy development should be coordinate with ecological environment

protection.

Key words: carrying capacity of water resources; prediction and analysis; comprehensive evaluation; GM(1,1)

model ; uncertainty analysis; sustainable development; Yichang City
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Fig.1

Flowchart of comprehensive evaluation and prediction of carrying capacity of water resources
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Table 1 Evaluation index system of carrying capacity of water resources in Yichang and weights using AHP method
TRE BRI ~
DPSIR 4572470 AHP }(E
iz BT R BT ik f
AE ALK G C (m®) 0.295 State IR 75 0.073
IKHEIRT R 4 Bl 0.248 IKBHEIF KR ZE C, 0.237 State R 75 0.059
TG GDP sk im C5( m?) 0.469 Pressure [ /] 0.116
W% C, 0.200 Driving force U 5l 0.061
PR M IR F AL Cs 0.178 State JRZS 0.054
BT 25 B2 0.305 F N GDP Co(J1I0) 0.283 Driving force 35} 1 0.086
S =7k GDP (51t ¢, 0.236 State JRZS 0.072
IKFIFRBEA FLBAEIETT (5 H Cy 0.014 Response I i} 0.032
AETETS K B AR HERCR Co( L) 0.193 Pressure JE /] 0.086
. ) SAFIIR K AR C 0.304 Impact $1] 0.136
PNE v S 4 .
LB T RG B3 0446 AP RDK A T Gy 0.060 Response 1 i 0.027
FME R Cpy 0.443 Impact $Z1j] 0.198
*2 HEHEMKRIRAES Logistic I HURE LR
Table 2 Logistic logarithmic calculation model of carrying capacity of water resources in Yichang
X - AFRETT y FHERIUE )
PR R R SE AR . TR
S BoE(0)  B2(02)  BIE(0.6)  RE08) w1 T
C, SCHR[ 11-13] 500 m? 1700 m* y=0.33Inx-1.83
c, SCHR[11-13] 40% 10% y=1.2In(2.05-x)
G SCHRL 11-13] 240 m? 10 m® y=0.18In(268-x)
C, SCHk[ 12-13] 30% 55% y=0.66lnx+0.99
Cs [ PR 0.4 0.2 y=1.57In(1.87-x)
Cs k[ 11-13] 3HTG 6 77T y=0.29Inx+0.28
G, SR 13] 50% 70% y=0.59Inx+1.01
Cy W E AR 1% 10% y=0.17Inx+1
Cy o [ SR B 4 AR 100 L 70 L y=0.21In(118-x)
(o b E KR IE AN R 40% 80% y=0.87Inx+0.99
Cy Sk 11] 0.01% 2% y=0.075Inx+0.9
Cy, k[ 12] 15% 75% y=0.5Inx+0.94
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Table 3 Criterion of the accuracy of grey forecast model

x5 AT

Table 5 Evaluation criteria of carrying capacity

ARPJIHUEERE  [0,02]  (0.2,0.6]  (0.6,0.8] (0.8,1]

SERVEN IV(HRZE)  TI(HeZE) OB W(REF)

R “EIE AN 1R 2% rel FElk e INMREWE p
(1 %%) <0.01 <0.35 =0.95

LK) (0.01,0.05] (0.35,0.50]  [0.80,0.95)

(3 4%) (0.05,0.20] (0.50,0.65]  [0.70,0.80)
K (4 ) >0.20 >0.65 <0.70

3 KBIFFR
3.1 KFRAHENEEEN

AL T 2005—2015 ££F B K B KR
FIPFOHEAR A, B 2 JEs T 2005—2015 4FH A
ORI -2 R T - RS A RRLE R
J1,3 5 S TARE IV AR

&4 2005—2015 FHE M AR RKRN TN ISR AR

Table 4 Data of evaluation indices of carrying capacity of

water resources in Yichang from 2005 to 2015

A C/md Cy/%  Cy/m® Cy/% Cs C¢/(FiTn)
2005 2703 134 237 41.0 0.49 1.50
2006 2713 133 209 42.0 0.47 1.72
2007 3640 9.1 163 44.6 0.47 2.04
2008 3640 9.6 149 45.6 0.46 2.54
2009 2639 125 106 46.0 0.44 3.08
2010 3239 113 95 49.1 0.44 3.81
2011 2136 185 75 51.2 0.41 5.27
2012 2260  18.1 67 53.6 0.38 6.15
2013 2496  14.6 53 54.8 0.38 6.88
2014 2442 16.0 51 54.6 0.30 7.64
2015 2505 16.1 49 57.2 0.30 8.24
Ey  C/%  Cy/%  Co/L Cy/% C/% Cp/%
2005 35.0 1.1 78 89.7  0.036 55.3
2006 36.0 4.6 78 67.7  0.036 55.3
2007  33.8 8.0 84 89.5  0.039 55.3
2008 329 8.2 89 89.5  0.037 55.3
2009  32.8 8.9 84 91.4  0.099 55.3
2010 31.1 8.2 93 833 0.096 55.3
2011 28.2 7.9 83 71.4  0.090 58.0
2012 27.5 9.9 91 58.8  0.125 65.7
2013 28.0 104 93 44.1  0.147 65.7
2014 295 121 98 79.9  0.242 65.7
2015 304 137 111 82.1  0.297 65.7
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Fig.2 Comprehensive carrying capacity of “water
resource and social economy and ecological
environment” system in Yichang from 2005 to 2015
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Table 6 Simulation and prediction results of carrying

capacity of water resources in Yichang

O B SFR{E HIXFERIE/ %
2005 0.607 0.607 0.0
2006 0.639 0.607 3.2
2007 0.646 0.660 -1.4
2008 0.652 0.665 -13
2009 0.659 0.677 -1.8
2010 0.666 0.674 -0.8
2011 0.673 0.666 0.7
2012 0.680 0.690 -1.0
2013 0.688 0.644 4.4
2014 0.695 0.717 -2.2
2015 0.702 0.701 0.1
2020 0.740

2025 0.780

2030 0.822

3.3 EHEMKRRIARKRKREZRAL

MR 2 R B K BT E ) (2015
) VR BT AR T K R IR R R 9 134.96/2 m
2015 4 E B TR BERLE 1031002 m*, Jf3E 41
KA 16.6142 m* K BT & Rk 16.11%
B2020 472030 45 B T AEPRUESR N 75% 7K B
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Table 7 Prediction results of comprehensive carrying capacity of three subsytems in target years using AHP method and

corresponding model testing parameters

5 KA R T TR 50 S5
2020 4F 2025 4F 2030 4F rel ¢ P

IKBHET R G 0.896 0.927 0.958 0.021 0.483 0.909
HERTFRS 0.790 0.964 1.178 0.004 0.039 1.000
RS T RS 0.643 0.633 0.624 0.041 0.959 0.636

AHP %4 0.750 0.806 0.875 — — —
GM(1,1) i 0.740 0.780 0.822 0.023 0.597 0.818

AHXFIR 2/ % 1.3 3.3 6.0 — — —

K8 KFKAFEFHEENARERFRERENMNER

Table 8 Prediction results of carrying capacity of water resource subsystem in Yichang in target years

A TAE IR 7J<%‘J)ﬁﬁ7iﬂ}ﬂ$ J7 76 GDP JH/kHE KRR T RS
P AR/ m® %)) PR BRAE % RET) P AR/ m RIS TRBT)
2020 4F 3251 0.839 16.6 0.760 34 0.982 0.888
2025 4 3218 0.835 16.9 0.758 26 0.988 0.889
2030 4 3186 0.832 17.2 0.756 21 0.992 0.890
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Table 9 Prediction results of carrying capacity of social economy subsystem in
Yichang in target years under four scenarios

ERF v 51 R T%’%" 2 KB f%‘% 3 KB 5 4 K

wih RN G TR kel TR ko TR o) TR
2020 4F 0.75 0.888 0.66 0.755 0.70 0.713 0.72 0.684 0.74 0.655
2025 4F 0.80 0.889 0.66 0.912 0.73 0.833 0.76 0.789 0.80 0.730
2030 4F 0.85 0.890 0.66 1.095 0.75 0.966 0.80 0.893 0.85 0.820
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