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Analysis of coordination degree between urban development and water resources

potentials in arid oasis city
XIA Fugiang', TANG Hong™ " ,YANG Degang' , WU Guangyang'
1 Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgi 830011, China

2 Agricultural Development Research Center of Sichuan, College of Economics and Management, Sichuan Agricultural University, Chengdu 611130, China

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 Urumugqi 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 0.4722 of
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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; Urumgqi
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Fig.1 Diagram of administrative division in Urumqi
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Table 1 The valuate systems and weight distribution of urban development and water resources potential

AHP BEAUE WA RANE

i R DRER S mm s , v a, e

Target layer System layer ]Sauvij‘/s‘em Weight Index layer AHP Entropy  General Direction
’ weight weight weight

Wi REOKTE Wl R R AR WAL 02897 U AR 0.0380 0.0571 0.0373 i

TS U A A 5% 0.0686 0.0962 0.1136 iE

Coordination degree U INEN s 0.0805 0.0386 0.0534 ik

between urban Uy SR O L 0.1026 0.0695 0.1228 iE

development and Mm% 04236 Uy, A GDP 0.1634 0.0674 0.1895 ik

water resources U, FER X 20 2 0.1079 0.0303 0.0562 iE

potentials U A =i L 0.1069 0.0370 0.0680 ik

Uy, Tl 4 555 Bl e 0.0454 0.0789 0.0616 3

WAty 01652 Uy SEUR RS SCRCIOA 0.0746 0.0453 0.0581 iE

U, B IR R B 0.0474 0.0304 0.0248 U]

U I NHHA A5 0.0253 0.0178 0.0078 ik

Uy A 0.0179 0.0625 0.0193 i

WZE 01215 Uy S ASHA R X HRR 0.0310 0.0792 0.0423 I

U R X AR LG 0.0489 0.0908 0.0765 iE

U AR AL 0.0104 0.1067 0.0192 i

U ST 2 H Y 2 0.0311 0.0924 0.0496 iE

KB EATE AR 03203 W, KB E 0.1813 0.0689 0.1867 iE

W, NBK B 0.0768 0.0748 0.0859 iF

W s R KB I L] 0.0622 0.0763 0.0710 i

TRRRRE  0.2309 W, KBHAIA 0.0919 0.0451 0.0620 i

W, R AEK L i 0.0290 0.0917 0.0398 1

W TR 0.0421 0.0337 0.0212 o]

W, NI 0.0677 0.1064 0.1077 U]

FBCR  0.2944 Wy Bk X A 7 B E 0.1264 0.0834 0.1577 i

W 7K Tl 7 { 0.0940 0.0614 0.0863 1E

W IS R A: 1 FHK 2 4 0.0297 0.0397 0.0176 i}

W o WK 2 0.0443 0.0291 0.0193 U]

e 0.1544 W, 2t AHUKGAREN 0.0317 0.0727 0.0345 iF

W IR A TR 5 K b B 5 0.0367 0.0559 0.0307 iE

W Dl Bk HE kb e 0.0598 0.0331 0.0296 it

W A HK L 0.0262 0.1277 0.0500 iE
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B R FETT IR T & JRLE ST BEA BB AE I # (3£ 2) , i1 1995 4EAY 0.0771 1275 2 2010 4EH9 0.9263 , & 2000 4E#¢
1999 WA T B (BEIE K 0.07% ), HAWAE Gy ST & LR -G48 EAR YA BT e o T fb 3 0 B 17 L d sl e A
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Table 2 Comprehensive index of urban development ( CIUD) and each subsystem’s scores and growth rate

Wi R R PN e IR Yk i 2 1)

0 FEEL CIUD Urban population Urban economic Urban social Urban space
Ve mpy R KRR mKE 0 KR Hkk

Score Growth Score Growth Score Growth Score Growth Score Growth

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

L R FWAAER A O HE 1995 454 76.75% , 2010 4E [
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19952000 4F 5 A 6 0 1 B4 S R0, 5 — BB B lo2 &
RS IIITI R LR KT AR | 1 1995 4F R 0.0771 4 & ol
= 3] 2000 4F (4 0.2477,5 4F[EJAEIG 0 0.0341 5 [ B, 28 AR 5% g § g § § gg g g % § § % ‘;g" % %

BYIAE N D HEE 1995 4RAY 79.84% _E T4 2006 4E 1 82. 53% , EA} Years
AEIHENN 0.54 N H 435 AR R N 0.67%, 2000 4F-F 4R S it
VUSRI RBOR , BN S & ARFEIR T & A — A3 i, R IR
2000—2010 45 556 R 5 4ol 7 e 38 kR, 3T R SR 2R G KT B
0.2477 #= 5] 0.9263 , 4E A 0.0679, & L — B Befl 2 4% [
W T LT R 82.53% 14K & 96.58% , AE KBTI 1.40 A E
AR AR 1.58% 0% L —BBUE 2 5L (% 3) .

Wt 5 R R AT N O B OR BB ARSI R R FEIE X AT REAE R AR T IAE s Wi at st 2B
W 2 [ SR IR T 25 B R TR s AR BN, T T AR B IMO A E AR 4, R BRI G R ST & T i) P SR ARAE
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Fig.2 The evolution of urban development in Urumgqi

CIUD: Comprehensive index of urban development
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(DIWTAOTRGE  SEARFFHE G A Ok, A 0 — B TS K, Bl XESMY A L
MIERS S RS | 2B B RS il A B3R A R R W, 3 A 7 R ER G TN E A 1995 419 0.0432 HE K
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Table 3 Stages of urban development in Urumgqi

BT R LR G R AL WA O L E
¥ Bt A B CIUD Urban population proportion
Stage Period WIE FIE R WIE KIE R
Initial value Terminal value  Growth rate Initial value Terminal value Growth rate
SE—B B First stage 1995—2000 0.0771 0.2477 0.0341 79.84% 82.53% 0.54%
25 BB Second stage 2000—2010 0.2477 0.9263 0.0679 82.53% 96.58% 1.40%

()W EHTRGE  BEARST I LUE RO R RS PR

04 -

BERES T REMERG TN ER 1995 419 0.0212 $2 R F] 2010 :ﬁ%{ig

AR 0.3648, 19K T I 18 £%., 1995—2000 4F | 14 AN X #5048 , A 03 —n—ﬁizﬁ;
—— §|‘

0.0212 1435 0. 0912, 4F ¥4 K 0.0140;2000—2010 4F [, f [
GR IR 1) DY SRR , B 5 A5 T 2 B M A R, £ 5 VA 1 v

development
(=)
N

B RBETRERS
subsystems’ scores of urban
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R4 19952010 FEERFAFRENGEIEY. FREATS REMERE

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

IRBEVETF R ) AR PR & FHRE
. ZRE 8% (CIWRP) Nature background Exploitation degree Utilization efficiency Management ability
. ot % . 2 . < % . o & % . ot 3%
Ve qgy R g R Ry R gy, R
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
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Fig. 5 The evolution of water resources potential level on
( CIWRP) and total quantity of water resources in Urumqi . .
subsystems in Urumgqi
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PR PPN 25 R IR |, 1995—2010 4[], B & AR FF T AYIRTT & R ER & FeECR /K SR I 27 B8 e B 2 AR A 25 A8 K, Wi
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Table 5 Evaluation results of coordination degree between urban development and water resources potential in Urumgqi

BT R R AR AL IK B I L7 B PR T R SR BRIV b

GRS CIUD CIWRP CDUD-WRP

Year Ly Ly 4y £y Ly
1995 0.0771 1% 0.4722 h 0.2331 B 0.2746 B 0.2530 A%
1996 0.1166 ik 0.6317 Ly 0.2768 B 0.3741 BAK 0.3218 BU%
1997 0.1667 ik 0.5076 i 0.5541 Ea 0.3372 AR 0.4322 w
1998 0.2129 B 0.3953 BA% 0.8282 = 0.3041 EEd S 0.5018 i
1999 0.2478 L5 0.3494 BAK 0.9430 = 0.2986 B 0.5306 GE
2000 0.2477 BAK 0.3925 BAK 0.9002 [ 0.3201 UK 0.5368 rh
2001 0.3095 B 0.4207 o 0.9542 ] 0.3651 B 0.5902 gL
2002 0.3305 AR 0.4091 i 0.9775 [ 0.3698 £ iN 0.6012 =
2003 0.3693 LS 0.4024 L2 0.9963 = 0.3858 B 0.6200 =
2004 0.4227 i 0.3405 BAR 0.9769 [ 0.3816 AR 0.6105 B
2005 0.4852 H 0.3753 L i3 0.9676 = 0.4302 i 0.6452 B
2006 0.6024 Ly 0.3803 BAR 0.9004 =1 0.4913 i 0.6651 g
2007 0.7151 B 0.3882 B 0.8322 = 0.5516 G 0.6775 B
2008 0.8097 & 0.6015 B 0.9570 [ 0.7056 B 0.8217 =
2009 0.8486 [ 0.3623 BAR 0.7034 B 0.6054 g 0.6526 B
2010 0.9263 = 0.3520 BAR 0.6370 B 0.6392 B 0.6381 B
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