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Abstract: With the acceleration of urbanization and globalization of economy the relationship between economy
resources ecosystem and environment has attracted extensive attention. In the arid area of northwest China the oasis urban
development has been strongly restricted by water resources shortage and fragility of ecosystem and environment. Based on
data about urban development and water resources of Urumuqgi from 1995 to 2010 the relationship between urban
development and water resources potentials was discussed in this study which important for sustainability of oasis economy
society ecosystem and environment in arid areas.

First sixteen indexes of population economy society and space were used to characterize the level of urban
development and fifteen indexes from natural background exploitation utilization efficiency and management of water
resources were selected to quantify water resources potential. The weights of indexes were determined using AHP based on
entropy theory. Then comprehensive evaluation models were built to analyze the change of urban development level and water
resources potential. At last the model describing coordination degree between urban development and water resource
potential was constructed and improved repeatedly to quantitatively evaluate the coordination relationship of Urumqi city.

This study showed that: (1) the urban development level of Urumqi increased from 0. 0771 of 1995 to 0. 9263 of
2010. The rapid increases of urban population and GDP caused significant increase of comprehensive level of urban
development whereas the social progress and expansion of the urban space had relatively small impact. ( 2) Water resources

potential showed an overall downward trend with fluctuation. Comprehensive index of water resources potential dropped from
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0.4722 of 1995 to 0.3520 of 2010. The natural background of water resources was the main factor affecting water resources
potential. Over-exploitation of groundwater resources caused significant increase of degree of water resources exploitation

and thus the decrease of water resources potential. The improvement of utilization efficiency and management enhanced water
resources potential. (3) The coordination degree between urban development and water resource systems increased first and

decreased afterwards. Generally the coordination degree in the past years was low and the conflict between the two systems

has been intensified.

Key Words: urban development; water resources potentials; coordination degree; oasis city; Urumgi
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Table 1 The valuate systems and weight distribution of urban development and water resources potential
AHP
W, V. o
Target layer System layer ]Sa?:-vswm Weight  Index layer AHP Entrjopy Generd Direction

weight weight weight
- 0.2897 Uy, 0.0380 0.0571 0.0373
Up, 0. 0686 0.0962 0.1136
Coordination degree U 0. 0805 0.0386 0.0534
between urban Uy 0.1026 0.0695 0.1228
development and 0.4236 Uy, GDP 0.1634 0.0674 0.1895
waler resources Uy, 0.1079 0.0303 0.0562
potentials Uys 0.1069 0.0370 0.0680
U,y 0.0454 0.0789 0.0616
0.1652 Uy, 0.0746 0.0453 0.0581
Us, 0.0474 0.0304 0.0248
Uss 0.0253 0.0178 0.0078
Usy 0.0179 0.0625 0.0193
0.1215 Uy 0.0310 0.0792 0.0423
Uy, 0.0489 0.0908 0.0765
Uys 0.0104 0.1067 0.0192
Uy 0.0311 0.0924 0.0496
0.3203 Wy, 0.1813 0.0689 0.1867
Wi, 0.0768 0.0748 0.0859
Wis 0.0622 0.0763 0.0710
0.2309 Wy 0.0919 0.0451 0.0620
W,, 0.0290 0.0917 0.0398
Wy 0.0421 0.0337 0.0212
Wy 0.0677 0.1064 0.1077
0.2944 Wy, 0. 1264 0.0834 0.1577
Wi, 0.0940 0.0614 0.0863
Wi 0.0297 0.0397 0.0176
Wiy 0.0443 0.0291 0.0193
0.1544 Wy 0.0317 0.0727 0.0345
W, 0.0367 0.0559 0.0307
Was 0.0598 0.0331 0.0296
Wy 0.0262 0.1277 0.0500
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Table 2 Comprehensive index of urban development ( CIUD) and each subsystem’s scores and growth rate
CIUD Urban population Urban economic Urban social Urban space
Year
Growth Growth Growth Growth Growth
Score Score Score Score Score
rate rate rate rate rate
1995 0.0771 - 0.0432 - 0.0212 - 0.0106 - 0.0021 -
1996 0.1166 0.5118 0.0590 0.3638 0. 0406 0.9133 0.0137 0.3020 0.0033 0.5568
1997 0. 1667 0.4298 0.0650 0.1015 0.0766 0. 8865 0.0227 0.6524 0.0025 -0.2511
1998 0.2129 0.2768 0.0827 0.2731 0.0931 0.2152 0.0293 0.2925 0.0077 2.1505
1999 0.2478 0.1643 0.0849 0. 0269 0.1148 0.2332 0.0346 0.1786 0.0136 0.7504
2000 0.2477 -0.0007 0.0699 -0.1771 0.0912 -0.2050 0.0459 0.3262 0.0407 2.0004
2001 0.3095 0.2497 0. 1062 0.5202 0.0970 0.0637 0.0506 0.1031 0.0556 0.3673
2002 0.3305 0.0678 0.1186 0.1166 0.1092 0.1258 0.0528 0.0432 0.0498 -0. 1045
2003 0.3693 0.1174 0.1227 0.0341 0. 1400 0.2819 0.0550 0.0411 0.0516 0.0356
2004 0.4227 0. 1446 0. 1260 0.0274 0.1775 0.2678 0.0622 0. 1309 0.0569 0.1038
2005 0.4852 0.1479 0. 1420 0. 1265 0.2291 0.2904 0.0569 -0.0841 0.0572 0.0043
2006 0. 6024 0.2417 0.2037 0.4348 0.2318 0.0118 0.0661 0. 1606 0. 1008 0.7637
2007 0.7151 0. 1870 0.2642 0.2967 0.2609 0.1255 0.0691 0.0459 0. 1209 0.1992
2008 0.8097 0.1323 0.2632 -0.0037 0.3079 0.1802 0.0769 0.1131 0.1617 0.3370
2009 0. 8486 0.0481 0.2648 0.0062 0.3176 0.0314 0.0849 0.1037 0.1813 0.1216
2010 0.9263 0.0916 0.2752 0.0390 0.3648 0.1487 0.0989 0. 1647 0.1876 0.0343
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Fig.2 The evolution of urban development in Urumqi
2000—2010
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(1)
1995 0.0432
2010 0.2752 5 - 1995—2000 0. 0432 0. 0699 0. 0053 ; 2000—
2010 0.0699 0.2752 0. 0205 4
3
Table 3 Stages of urban development in Urumgqi
CIUD Urban population proportion
Stage Period
Initial value Terminal value  Growth rate Initial value Terminal value Growth rate
First stage 1995—2000 0.0771 0.2477 0.0341 79.84% 82.53% 0.54%
Second stage 2000—2010 0.2477 0.9263 0.0679 82.53% 96.58% 1.40%
= A
g —— ]
1995 0. 0212 $§ 0s — A
2010 0.3648 18 . 1995—2000 8.V Wi T
% 3 5 —— YA A
0.0212 0.0912 0. 0140; 2000—2010 g E 02
w S
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0.0912  0.3648 0. 0274 2 FET o
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1995 0. 0106 M Year
2010 0. 0989 0. 0059 o
1995—2000 0.0071 2000—2010 3
0.0053 i Fig.3 The evolution of urban development level on subsystems
in Urumgqi
(4) ¢
1995 0. 0021
2010 0.1876( 2) 0.0124 N o 1995—
2000 0.0021 0. 0407 0. 0077, 2000—2005 0. 0407 0.0572
0.0033 ;2005—2010 0.0572 0. 1876 0. 0261
3 N 8 o
2005—2010 °
2.2 ( CIWRP)
1995 0. 4722 2010
0.3520( 4) 0.0080.
( 4.
1995 11.72x10° m* 2010 9.39x10° m’ 0.16x10° m’
1996 14.92x10° m’ 1997 9.04x10° m’ . 4
4 o
(1)
1995 0.2128 2010 0.0156 0.0131( 4 5) o 1998—2003
0.1793 0. 1509 0. 0056 o
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4 1995—2010 .

Table 4 Comprehensive index of water resources potential ( CIWRP) and each subsystem’s scores and growth rate

( CIWRP) Nature background Exploitation degree Utilization efficiency Management ability
Year
Growth Growth Growth Growth Growth
Score Score Score Score Score
rate rate rate rate rate
1995 0.4722 - 0.2128 - 0.1801 - 0.0793 - 0. 0000 -
1996 0.6317 0.3378 0.2726 0.2813 0.2009 0.1155 0.1453 0.8326 0.0128 -
1997 0.5076 —-0.1964 0. 0405 -0.8514 0.2270 0.1298 0.2158 0. 4849 0.0243 0.8958
1998 0.3953 -0.2213 0.1793 3.4253 0.1352 -0.4044 0.0325 —-0.8493 0.0482 0.9848
1999 0.3494 -0.1161 0.1763 -0.0166 0.0797 -0.4105 0.0384 0.1799 0.0550 0.1396
2000 0.3925 0.1235 0.1730 -0.0190 0.1002 0.2575 0.0534 0.3916 0.0659 0.1992
2001 0.4207 0.0717 0.1761 0.0177 0.1075 0.0729 0.0740 0.3862 0.0631 -0.0431
2002 0.4091 -0.0275 0. 1665 -0.0545 0.0830 -0.2282 0.0706 -0.0457 0.0890 0.4118
2003 0.4024 -0.0163 0. 1509 -0.0936 0.0793 -0.0448 0.0826 0. 1700 0.0896 0.0066
2004 0. 3405 —-0. 1540 0.0952 -0.3694 0.0680 -0.1424 0.0881 0.0661 0.0892 —-0.0046
2005 0.3753 0.1023 0.0901 -0.0534 0.0740 0.0887 0.1211 0.3747 0.0901 0.0095
2006 0.3803 0.0133 0.1295 0.4375 0. 0460 -0.3789 0.1186 -0.0209 0.0862 -0.0428
2007 0.3882 0.0209 0.0612 -0.5273 0.0552 0.2000 0.1804 0.5209 0.0915 0.0610
2008 0.6015 0.5495 0.1850 2.0231 0.0700 0.2688 0.2613 0.4489 0.0851 -0.0690
2009 0.3623 -0.3978 0.0295 -0. 8406 0.0306 -0.5625 0.2171 -0.1693 0.0850 -0.0014
2010 0.3520 -0.0283 0.0156 -0.4699 0.0022 -0.9290 0.2384 0.0981 0.0958 0. 1266
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Fig. 4 Comprehensive index of water resources potential . . .

Fig. 5 The evolution of water resources potential level on
( CIWRP) and total quantity of water resources in Urumqi ) .
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Table S Evaluation results of coordination degree between urban development and water resources potential in Urumgqi

CIUD CIWRP CDUD-WRP
Year c r D
) Grade (W) Grade Grade Grade Grade
1995 0.0771 0.4722 0.2331 0.2746 0.2530
1996 0.1166 0.6317 0.2768 0.3741 0.3218
1997 0. 1667 0.5076 0.5541 0.3372 0.4322
1998 0.2129 0.3953 0.8282 0.3041 0.5018
1999 0.2478 0.3494 0.9430 0.2986 0.5306
2000 0.2477 0.3925 0.9002 0.3201 0.5368
2001 0.3095 0.4207 0.9542 0.3651 0.5902
2002 0.3305 0.4091 0.9775 0.3698 0.6012
2003 0.3693 0.4024 0.9963 0.3858 0. 6200
2004 0.4227 0.3405 0.9769 0.3816 0.6105
2005 0.4852 0.3753 0.9676 0.4302 0.6452
2006 0.6024 0.3803 0.9004 0.4913 0.6651
2007 0.7151 0.3882 0.8322 0.5516 0.6775
2008 0.8097 0.6015 0.9570 0.7056 0.8217
2009 0. 8486 0.3623 0.7034 0. 6054 0.6526
2010 0.9263 0.3520 0.6370 0.6392 0.6381
1.5 - ; : s ”
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Fig.6 Schematic diagram of coordination degree between urban
(1 development and water resources potential in Urumqi
(2) .

http: //www. ecologica. cn



5891

(3) U .
References:

1 LuDD YeDN YaoSM LiuSH Gao XL LiuH L GP Duan]J] Chen M X. Restrain the rash advance of urbanization and the wild
spatial expansion by integrated measures. Science News 2007 (8): 4-9.

2 Qiu B X. The main lesson of the foreign urbanization. City Planning Review 2004 28(4): 8-12.

3 Liu Y B Li R D Song X F. Grey associative analysis of regional urbanization and eco-environment coupling in China. Acta Geographica Sinica
2005 60(2): 237-247.

4 Cheng HW Li Y W Xu Z M. Social adaptive capacity for water resource scarcity in human systems and case study on its measuring. Acta
Ecologica Sinica 2011 31(5) : 1430-1439.

5 Chenery H Syrquin M. Patterns of Development: 1950—1970. Beijing: Economic Science Press 1988.

6 Zhou Y X. Urban Geography. Shanghai: The Commercial Press 1995.

7 Zhao C WangY Gu XM Zhao HH Wu Y P Zhu X D Lu G F. Water use efficiency of Jiangsu Province based on the data envelopment
analysis approach. Acta Ecologica Sinica 2013 33(5) : 1636-1644.

8 Fitzhugh T W Richter B D. Quenching urban thirst: growing cities and their impacts on freshwater ecosystems. Bioscience 2004 54( 8):
741-754.

9 Jenerette G D Larsen L. A global perspective on changing sustainable urban water supplies. Global and Planetary Change 2006 50(3/4):
202-211.

10 Merrett S. Introduction to the Economics of Water Resources: An International Perspective. London: University College London Press 1997.

11 Gao Y F. Urbanization and the evolution of the water system. Urban Geotechnical Investigation & Surveying 1998 (3): 5-8.

12 JiaSF ZhouCQ Yan HY Zhou HF Tang Q C Zhang ] B. Estimation of usable water resources and carrying capacity in Northwest China.
Advances in Water Science 2004 15(6): 801-807.

13 Bernardo D J Mapp H P Sabbagh G L Geleta S Watkins K B Elliott R L Stone J F. Economic and environmental impacts of water quality
protection policies: 1. Framework for regional analysis. Water Resources Research 1993 29(9) : 3069-3079.

14 Al-Kharabsheh A Ta’any R. Influence of urbanization on water quality deterioration during drought periods at South Jordan. Journal of Arid
Environments 2003 53(4) : 619-630.

15  Fang C L Li M. Urbanization mode with the restraint of water resource in Hexi Corridor arid area of Northwest China. Geographical Research
2004 23(6): 825-832.

16 Yang G He X L LiJ F Jia X J. The evaluation method of water resources sustainable utilization in Manas River Basin. Acta Ecologica Sinica
2011 31(9): 2407-2413.

17 Liu Y L. Design of sustainable development indicators system and the exploration of evaluation methods. Ecological Economy 1999 18(6):
17-20.

18 WenYM Ke X K Wang F. Study on assessment system and assessment method of sustainable development of human-earth system. Advance in
Earth Sciences 1999 14(1): 51-55.

19 Xu S L. Suggestions on statistic index system for the quantitative evaluation of sustainable development. Statistics & Information Forum 2000 15
(1): 7-14.

20  Qiao B Fang C L Huang J C. The coupling law and its validation of the interaction between urbanization and ecoenvironment in arid area. Acta
Ecologica Sinica 2006 26(7) : 2183-2190.

21 Chen M X Lu D D Zhang H. Comprehensive evaluation and the driving factors of China’s urbanization. Acta Geographica Sinica 2009 64(4) :
387-398.

22 Tang H Yang D G Qiao X N Yang . Wang G G. Evaluation of coordination degree between regional development and eco-environment on the
Northern Slope of the Tianshan Mountains. Progress in Geography 2009 28(5): 805-813.

23 Fang C L Mao H Y. A system of indicators for regional development planning. Acta Geographica Sinica 1999 54(5) : 410-419.

24 Fang C L. Planning Theory for Regional Development. Beijing: Science Press 2000.

25  Xu J H. Mathematical Methods in Contemporary Geography. Beijing: Higher Education Press 2002.

http: //www. ecologica. cn



5892 33

26

27

28

~N O L B W

Li X B. Analysis of the coordination degree between economic development and environment of Wuhan City. Journal of Hunan University of
Technology: Social Science Edition 2008 13( 1) : 63-65.

Shao B Chen X P. Research on the actuality of the coordinated development of economy and ecological environment in Northwest China. Arid Land
Geography 2005 28(1): 136-141.

Cai W C. Harmonious Development Analysis and Spatial Mode Choice of the Regional Economy in Xinjiang D . Beijing: Graduate University of
the Chinese Academy of Sciences 2006.

2007 (8): 4-9.
2004 28(4): 8-12.
2005 60(2): 237-247.
— ) 2011 31(5): 1430-1439.
. . . © 1950—1970. 1988.
1995.
2013 33(5):
1636-1644.
1998 (3): 5-8.
) 2004 15(6): 801-807.
2004 23(6): 825-832.
2011 31(9): 2407-2413.
1999 18(6): 17-20.
1999 14(1): 51-55.
2000 15(1): 7-14.
2006 26(7): 2183-2190.
2009 64(4): 387-398.
2009 28(5): 805-813.
1999 54(5): 410-419.
2000.
2002.
2008 13(1): 63-65.
2005 28(1): 136-141.
D. 2006.

http: //www. ecologica. cn



