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Fig.1 The basic framework of water cycle in socio-economic system
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Table 1 Product output and utilization of each sector in the input-output of Zhangye City
/ /
/
117 076. 97 79 142. 00 6 326. 00 117 984. 60 440. 14 764. 86 321 734.57
34 911.12 13 580. 39 17 247.05 38 096. 43 3 132.10 6 183.61 113 150.71
2 176. 14 3 503.70 5613.51 2 315. 80 1412.53 5 644,93 20 666. 61
39 913. 97 2022.74 11 184.70 21 014.59 7 514.93 6 443,26 88 094. 20
219 442,42 6 954. 85 150 337.73 28 516. 00 88 930. 14 75 299. 86 569 481. 00
27 273.50 2 709. 50 6 754.00 0. 00 65 120. 98 22 596. 00 124 453.99
63 418. 08 27 208. 46 94 812.78 86 890. 68 22 887. 34 75 395.52 370 612. 86
62 305. 04 2 128. 83 15 481. 00 25 135.13 6 620.91 4 542, 34 116 213. 25
129 904. 83 29 700.71 124 117. 22 54 979. 23 33 627.60 54 049. 93 426 379.52
696 422. 09 166 951. 17 431 873.99 374 932. 46 229 686. 68 250 920. 31 2 150 786.71
b
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Table 2 The transformation process of physical water in the economic production of Zhangye City
143 065.32 13 579.72 505. 98 684. 82 17 527.55 44,56 8 786.69 1 287.25 3 556.10 189 038.00
1 649. 04 6 425.12 9.17 26. 04 692.09 1.74 326. 36 50. 14 149. 26 9 328.95
138.78 40. 30 11 046. 48 26. 32 151. 21 1. 25 123.13 33.78 590. 95 12 152. 20
11. 90 3.16 0.58 215. 39 50. 37 1.47 92. 80 6.28 19. 88 401. 82
251. 65 81.05 11.72 59.05 2197.22 4.09 770.33 104. 31 273.21 3 752.62
101. 59 21.75 3.93 102.18 269.72 402. 64 399. 66 51.02 160. 25 1512.74
8. 94 1.93 0. 31 2.73 12. 89 0. 40 425. 31 8.27 40. 31 501.09
5.06 2.00 0. 36 4,35 14. 28 0. 15 17. 87 57.09 19. 65 120. 81
22.75 8. 64 1. 90 12.23 52.03 0. 65 55.71 16. 45 434. 64 605. 00
145 255.03 20 163.66 11 580.42 1 133.11 20 967.35 456. 96 10 997.86 1 614.59 5 244.25 217 413. 22
m’,
3.2 ’
o s
3
o o 3 )
) 13 938. 80 m*,
. 3 . 71. 0%, .
3

Table 3 The transformation process of imported virtual water in the economic production of Zhangye City

105. 51
486. 20
107.13
17. 31
1307.52
305. 81
104. 54
19.91

97.65

62.09
68. 62
31.11
4. 60
421.11
65. 48
22.51
7.85
37.08

720. 45

2.31

646. 49

0. 84

60. 90

11. 82

1.42

738. 26

3.13
7.68

20.32

52.51

790. 55

80. 14

204. 05

116.73
73.28
2 476.47
811. 93
150. 68
56.16

223.33

4192.78

40,18
96. 22
95.06
135. 00
4.002. 48
1203.09
478. 45
70. 26
239. 14

6 359. 88

14.78

26.08

96. 75

31.19

70. 60

950. 01

16. 26
44.01
456. 20
28.92
1419.53
482. 41
471. 37
77.29
264.76

3 260.75

315.71
924.78
1 500. 08
314.73
10 558. 06
3 380. 74
1 364.52
281.79
996. 00

19 636. 41
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Table 4 Movements of virtual water in water cycle of the socio-economic system of Zhangye City
189 038. 00 315.71 147 806. 61 57 496.00 4595.79 85 714. 82 548. 63
9 328.95 924.78 20 884.11 4114.89 5 225.90 11 543.32 1825.75
12 152. 20 1 500. 08 12 318.68 3 775.12 6 048. 36 2 495. 20 5994.79
401. 82 314.73 1 923.65 113.70 628.70 1 181. 25 269. 85
3 752.62 10 558. 06 25 160. 14 941. 75 20 357.07 3 861.32 8 939.83
1512.74 3 380.74 529.12 151. 49 377.63 0. 00 1173.07
501. 09 1 364.52 17 357.74 2 260. 65 7 877.65 7 219.43 4 495.00
120. 81 281.79 2 564.59 127.72 928. 82 1 508. 05 193. 32
605. 00 996. 00 8 505. 00 1209. 81 5 055.70 2 239.49 1 600. 89
217 413. 22 19 636. 41 237 049.63 70 191. 14 51 095.62 115 762. 87 25 041. 14
m3
4
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Water Cycle Process Analysis and Water Volume Estimation of Socio-
economic System in Zhangye City, Gansu Province

WANG Yong'?, XIAO Hong-lang®, LI Cai-zhi*, ZHAO Liang-ju’, ZOU Song-bing*, REN Juan®
(1.Yantai Institute of Coastal Research , Chinese Academy of Sciences, Yantai 264003 , Shandong » China ;2 .Key Labora-
tory of Ecohydrology and River Basin Science , Cold and Arid Regions Environmental and Engineering Research Institute .
Chinese Academy of Sciences, Lanzhou 730000 , China)

Abstract: Based on resources flowing theory and virtual water concept, this study constructs an extended in-
put-output model to analyze the structural relationships among economic activities in Zhangy City and their
physical relationships with water resources. This model allows us to trace the transformation of various
products and to calculate the level of the virtual water contents of each sector’s product, thus offering the
possibility of studying the water movement and transformation in a socio-economic system. It is shown that
the consumption of physical water resources and the transformation and movements of virtual water in farm-
ing sectors become the main body of water cycle in the socio-economic system in the study area. The impor-
ted products are characterized by relative lower virtual water contents and the virtual water following from
other regions is little. The lower consumption of farming products in the study area has caused large a-
mounts of farming products and virtual water following out of the study area. From the view of regional sus-
tainable development, strengthening the consumption level of farming products appear to be the practical
means to reduce the export of virtual water and increase utilization rate of the limited water resources.

Keywords: physical water; virtual water; input-output; water cycle; socio-economic system



