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Study of the relationship between urban economic development and the utilization of water resources in
Xi an City based on information entropy and grey correlation grade
ZHANG Liming', ZHAO Yan?, WANG Hong rui?, PAN Cheng zhong?

(1. College of Economic Management, Jinz hong College, Jinzhong 030600, China;

2. College of Water Sciences, Beijing Normal University, Beijing 100875, China)
Abstract: Based on the water consumption data and econom ic and social development data of Xi an City during 2005- 2014,
the relationship between urban economic development and water consumption structure was analyzed using information err
tropy and grey correlation method in terms of the time series. The results show ed that: the inform ation entropy of Xi an wa
ter structure was growing; the advantage of a single water consum ption type was weakening; and the system balance was
improving. T he water consum ption structure was becoming more reasonable. T he correlation coefficients between the eco
nomic development and water structure of Xi an were all above 0 45, suggesting significant correlations. T he coupling de
grees between urban economy and water structure were between 0. 6 and 1, indicating a relatively close interactive coupling
betw een urban economic development and water consumption structure. We suggest taking corresponding measures to corr
trol and ensure the balance betw een water supply and demand in X1 an, and the key to doing so is to create and promote wa
ter saving technologies.
Key words: urban economic development; water consum ption structure; information entropy; grey correlation; coupling de
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Fig. 1 The changes of urban population and urbanization
rate of Xi an in 2005~ 2014
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Fig.2 The changes of the main social and economic

development indicators of Xi an in 2005- 2014
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Tab. 1 The changes of water resources use structure of Xi an in 2005- 2014
A Aok FH K Tk K Ja R AR IS K WA A ILHIK ALK KB &
KBS AL m? 7.62 4.01 2.64 1.06 0.36 15. 69
2005
H (%) 49.0 26.0 16. 8 6.8 2.3 100
K/ 42 m3 7.51 4.92 2.92 1.22 0. 49 17.06
2008
o7 (%) 44.0 28.8 17.1 7.2 2.9 100
K&/ AL m3 6.33 3.53 3.99 1.23 1.03 16. 12
2011
o7 (%) 39.3 21.9 24.8 7.6 6.4 100
K/ 42 m3 6.24 3.54 4.53 1.36 1.61 17. 46
2014
(%) 36. 8 20.3 25.9 7.8 9.2 100
2005- 2008 -5.0 2.8 0.3 0.4 0.6
2008- 2011 ) - 4.7 - 6.9 7.7 0.4 3.5
——  ESEE(%)
2011- 2014 -2.5 - 1.6 1.14 0.2 2.8
2005- 2014 - 12.2 - 57 9.14 1.0 6.9
222 ATERBOE TR KENESL  HERLES.
AT 2 2005- 2014

Tab.2 Results of information entropy of water

utilization structure of Xi an in 2005- 2014

- N e 1 i
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PR L SRR B R B, (5 Bt R T o o e
2014 4F 43l 1% 5 KAE 1 460 1 nat F1Q 907 3, 15 2007 1299 7 0.807 6
RH Y 2 17 7K &5 FA A0 TN Ss I 7 e 14 () B, 349 1l 52 2008 1400 5 0.870 2
HHTEEIN, K RS 52 5 — T 7K 8 B 1) 5% i ok 2009 1.262 5 0.784 5
N, R GAee PERE . 2010 1.328 2 0.825 3
2011 1.417 2 0. 880 6
3 2012 1.414 2 0.878 7
3.1 IRT AR LS KTRAR KRBT 2013 1453 4 0-903 1
P2 T BT 2o P K R R G TR T 2 Shitk o
3
Tab.3 Grey correlation grade of urban economic development indicators and water consum ption structure indicators
r Y, Y, Ys Yy Ys Yo Y7 Yg Yy Yio Y1 Yi2 Y13
X 0. 85 0.58 0. 55 0.91 0. 88 0. 87 0. 75 0. 87 0.76 0. 85 0.93 0. 79 0.91
X, 0. 77 0. 54 0.52 0. 83 0. 80 0.79 0. 81 0. 84 0.78 0.78 0.84 0.71 0.82
X3 0. 66 0.70 0.59 0. 61 0. 64 0. 65 0. 47 0. 62 0. 47 0. 64 0.61 0.70 0.70
Xy 0. 87 0. 54 0.51 0. 87 0. 87 0. 90 0. 67 0.76 0. 65 0. 85 0.85 0.79 0.87
Xs 0.70 0.78 0.79 0. 69 0.70 0.70 0.62 0. 66 0.62 0. 68 0.69 0.70 0.7
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Fig.3 The changes of the proportions of the three sectors in Xi an

and the water consumption of each type in 2005- 2014
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Fig.4 The changes of gross agricultural output value, cultivated

area, and effective irrigation area of Xi an in 2005- 2014
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Fig.5 The changes of water consumption per 10 000
yuan GDP of Xi an in 2005- 2014
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Tab.4 The changes of the coupling degree between urban economic

development and water consumption structure of Xian in 2005- 2014

F43 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

iy

i

0.64 0.64 0.61 0.63 0.72 0.78 0.68 0.68 0.63 0.61
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