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Calculation and prediction of water resource ecological footprint in Xinjiang

LEI Ya-jun'?, ZHANG Yong-fu'-?, ZHANG Min-hui'?, LIANG Xue-mei''?, SHAO Xin-juan'+?

(1. School of Resources and Environment Science , Xinjiang University , Urumqi, Xinjiang 830046, China;
2. Key laboratory of Oasis Ecology , Ministry of Education , Xinjiang University , Urumqi, Xinjiang 830046, China)

Abstract: According to the basic principle and calculation model of water resources ecological footprint, the water
resources load index is introduced to calculate the ecological footprint of water resources and the ecological carrying ca-
pacity of water resources in Xinjiang from 2005 to 2014, and the gray forecasting model GM (1,1) is used to predict the
ecological deficit/surplus trends from 2015 to 2025. The results show that: (D The ecological footprint of water resources
in Xinjiang is larger than the ecological capacity of water resources, and it is in ecological deficit, which decreases from
—7.83 % 10" hm? in 2005 to —9.06 x 107 hm® in 2013, and the development rate of water resources is low; @ The e-
cological footprint and carrying capacity of water resources in Xinjiang increased from 2005 to 2014, the per capita eco-
logical footprint and the per capita carrying capacity fluctuated, and the ecological footprint of the production water was
the largest among the three water resources account, far exceeding the other two parts, accounted for 95.86% of the total
water footprint; (3) The water resources load index showed an upward trend, indicating that the utilization of water re-
sources was gradually strengthened. The load index was between 2 ~ 5 from 2004 to 2012, indicated moderate degree of
utilization of water resources in Xinjiang; and the load index was between 5 ~ 10, the results show that Xinjiang’ s water
resources utilization is high and the development conditions are difficult; @ The distribution of water resources in Xinjiang
is not uniform. The distribution of water resources in Southern Xinjiang, Northern Xinjiang and Eastern Xinjiang is quite
different. The water footprint and ecological carrying capacity of Southern and Northern Xinjiang are greater than that of

Eastern Xinjiang, and the Milion Yuan GDP water ecological footprint of Southern and Northern Xinjiang are less than
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that of Eastern Xinjiang; (O the water resources ecological deficit from 2015 to 2025 had been predicted, it showed that

Xinjiang” s water resources has been in the state of ecological deficit, which led to a decrease of water resources year by

year. and the situation is worse which will be even severe in the future, so the use of water conservation awareness must

be enhanced.

Keywords: ecological footprint; load index of water resources; water resources ecological deficit; GM(1,1) model
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Table 3 Ecological footprint of water resources and water resources carrying capacity in Xinjiang from 2005 to 2014

X 35k WiH
- o 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
p 4.804  4.711 4.828  5.000  4.943  5.127  5.042  5.662  5.836  5.588
L 3.091 3.620  3.884 4297 5.107  3.950  7.256  4.165  6.248  5.686
i i E 1.600 1.597 1.238 0.9  0.9¢4  0.626 .45  0.607  0.319  0.278
X?;lfﬁg T 4.995  4.907 4983  5.211 5.091 5230 5.218 5764 5.930  5.671
c 0.340  0.33  0.339  0.35%  0.36  0.35  0.355  0.392  0.403  0.386
S —4.660 -4.510 -4.650 -4.80 -4.750 -4.870 -4.80 -5.370 -5.530 -5.290
p 2.788  2.929  2.90  2.8%6  3.031 2.946  2.913  3.006  3.200  3.397
L 5280 5.537  6.132 6.9 7.653  6.959  4.49  5.488  8.000  8.744
Aesm E 1.917 2.317 2.002 2.202 1.613 2.074 0.331 0.514 0.583 0.524
Xll\j;?aig T 3.3 3.216  3.189  3.126  3.269  3.223 2.9 3.203 3.5 3.537
c 0.206  0.219  0.217  0.213  0.22  0.219  0.203  0.218  0.227  0.24l
S -2.80 -3.000 -2.970 -2.910 -3.050 -3.000 -2.790 -2.990 -3.120  -3.300
p 0.363  0.35  0.365  0.374  0.392  0.368  0.429  0.407  0.429  0.392
L 0.49  0.545  0.628  0.727  0.909  0.661 0.850  0.86  0.859  0.909
A E 0.074  0.086  0.140  0.122  0.15  0.174  0.061 0.074  0.061 0.068
Xik;;jng T 0.375  0.368  0.38  0.39%4  0.417  0.392 0.4  0.422 0.4  0.408
c 0.026  0.025  0.026  0.027  0.028  0.027 0.0  0.029  0.030  0.028
S -0.350 -0.340 -0.360 -0.370 -0.390 -0.370 -0.410 -0.390 -0.410  —0.380
p 7.955  7.94  8.113  8.278  8.365 8.4l 8.383  9.165  9.472  9.376
L 8.876  9.702  10.644  12.020  13.670  11.570  12.610  10.480  15.110  15.340
3 E 3502 4.000  3.380  3.32  2.731 2.874 1.436 1.195  0.964  0.869
ijiig T 8.403  8.491 8.558  8.731 8.775  8.844  8.653  9.339  9.720  9.617
c 0.571 0.577 0.5  0.594  0.597  0.601 0.5  0.6338  0.661 0.654
S -7.80 -7.910 -7.980 -8.130 -8.180 -8.240 -8.070 -8.750 -9.060 —-8.960
W 3.468  3.006  2.561 2.22 1.715 1.691 1.324 1171 0.925  0.832

TP FRAT K (x 107 hm?) 5 LRSI 7K (x 10° o) 5 E 2R A B FBE K (x 100 o) 5 T 2% 7K (% 107 hm?) 5 C K B
HRAR ST (x 107 hm?) ; W 267897 6 GDP K 588 ( x 10° hm?) 3S FRE B HRF (x 107 hm?) o

Note: P stands for production of water( x 10" hm?) ; L stands for life water Consumption ( x 10° hm?); E stands for ecological environment water ( x 10°

hm?) ; T stands for total water resources( x 10" hm?) ; C stands for water resources carrying capacity( x 10" hm?) ; W stands for water resources ecological footprint

per 10* yuan GDP( x 10% hm?) ; S stands for Ecological deficit( x 107 hm?) .
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Fig.1 Water resources footprint, water resources carrying
capacity and ecological deficit in Xinjiang from 2005 to 2014
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and ecological deficit in Xinjiang from 2005 to 2014
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Fig.3  The correlation between water resources

carrying capacity and rainfall

= 4.0
g—t:x.3.5
x8a
52930t
28523
Was
\—'022.0-
%0315.
SRR
A= o
.83520.5'
E 0 L N N N s
2004 2006 2008 2010 2012 2014
A Year
B 4 #T5E 2005—2014 ££ 73 5T GDP £ 752 il

Fig.4 Water resources ecological footprint per

10" yuan GDP of Xinjiang from 2005 to 2014
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Table 4  Classification of load index of water resources in Xinjiang during 2005—2014

T KB BAE RL - IRBERA IR L IR
) . &l . o b

Load index of water The degree of utilization Evaluation of
Year Level

resources of water resources development
2005 2.34
2006 2.18
2007 2.52 . > A
AR SR
2008 2.93 Il . . Development conditions
Medium, great potential
2009 3.36 are moderate
2010 3.39
2011 3.98
2012 4.03 . IF A A AR R M
R WANN .

2013 5.48 11 High 1l potential Development conditions
2014 5.79 18 Smat potentia are difficult

3.3

I8 2012—2014 E &M (H) K BEESRE
S EREE N
ARG 2012—2014 F5F 5 15 D HIH (7)) 1Y

VINAS/YE SROVIB U1V he V2SN &S|
5 Rl AR L BT g I X ] i 2 el X3
DX NI R BRI A S I I, S 7E 5 hm® - A7
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Fig.5 Distribution map of water resources ecological footprint per capita and ecological deficit in 15 cities of Xinjiang from 2012 to 2014
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Table 5 The comparison table between original value and fitting
value of water resources ecological footprint per capita and

ecological deficit/surplus in Xinjiang from 2005 to 2014

Ay JRAG1E WA E k7%
Year Original value Fitted value Residual
2005 -3.3470 -3.347 0.0000
2006 —4.4410 -3.431 1.0100
2007 ~3.2044 —4.554 ~1.2596
2008 -3.3376 -2.307 1.0306
2009 - 3.2965 -3.529 -0.2325
2010 ~3.2670 - 3.461 ~0.1940
2011 -3.0341 ~3.490 ~0.4559
2012 -3.3424 -3.297 0.0454
2013 - 3.4249 -3.878 -0.4531
2014 -3.3269 -3.663 -0.3361
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Fig.7 Per capita ecological deficit/surplus
in Xinjiang from 2015 to 2025
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