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Tab. 1 Virtual water content per unit product of main agricultural and livestock industries in Beijing
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Tab. 2 Evaluation system of water resources utilization in Beijing
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Tab. 3 Composition of water footprint in Beijing from 2003 to 2018

NEB K AL 388 /A2 o SRR IE /AL m?
4y BUKRIE/ALm® AR R/ m?
Al Tl A3 A3 i Hh HE LK i A HE K
2003 64. 30 7.65 1274 0. 95 13. 36 40. 85 113.13 776.99
2004 64. 63 7, 66 12. 38 1. 00 13.73 49. 38 121. 33 812. 67
2005 62. 35 6. 80 13. 38 1. 10 12.73 39.03 109. 93 714.78
2006 54.739 6. 20 13.70 1. 62 13. 25 41. 97 104. 63 661.78
2007 54. 48 5. 75 13. 89 2.72 14. 01 41.18 104. 01 636. 94
2008 54.75 5. 20 14.70 3.20 13.53 50. 40 114.73 676. 84
2009 55.59 5.20 14.70 3. 60 9. 64 33. 14 102. 59 584. 58
2010 53. 88 5.06 14. 71 3.97 9.39 41. 68 109. 90 560. 15
2011 54. 50 5.01 15. 57 4. 47 8.49 47.50 118. 57 587. 27
2012 53.33 4. 89 16. 01 5.67 7.56 44. 15 116. 49 563. 01
2013 51.77 5.12 16. 25 5.92 7.31 42. 48 114. 23 540. 10
2014 48. 21 5.09 16. 98 7.25 6.73 38.12 108. 91 506. 10
2015 45. 60 3.85 17. 47 10. 43 5. 64 27.28 98.99 455. 94
2016 41. 07 3.84 17.82 11. 10 5.19 23.01 91. 65 421.75
2017 35.71 3. 50 18. 30 12.70 5.59 25.32 89.95 414. 31
2018 26.61 3.30 18. 40 13. 40 6.32 28.91 84. 29 391. 33
+ 682 « KX KK R
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Fig. 1 Total water footprint and per capita water footprint of
Beijing from 2003 to 2018
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Tab. 4 Water footprint structure of Beijing from 2003 to 2018

wy b KW KIS A
REBAL KR/ M A% B/ %
2003 85. 64 27.49 63.9 36. 1
2004 85. 67 35. 65 59.3 40.7
2005 83.63 26. 30 64.5 35.5
2006 75.91 28.72 59.9 40. 1
2007 76. 84 27.17 60. 4 39. 6
2008 77.85 36. 87 56. 1 43.9
2009 79. 09 23.50 67.7 32.3
2010 77.62 32.29 62,1 37.9
2011 79. 55 39..01 59.9 40. 1
2012 79. 90 36.09 62.1 37.9
2013 79. 06 35. 17 62.8 37.2
2014 77.58 31.39 65. 0 35.0
2015 77.35 21. 64 72.4 27.6
2016 73.83 17.82 74.9 25.1
2017 7021 19.73 71.8 28.2
2018 61.71 22.59 65.7 34.3
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IR B SR B, 20032011 4R 2 2 TR A e
NI AEE WA K BT IRA APIR S BT E . R4S
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Tab.5 Sustainable state of water resources of Beijing from 2003 to 2018

KR AR KRR KRR ek

h BRI B IEE FI I £ &
2004 0.073 0. 001 158,139 P NGIERE s
2005 —0. 094 0. 024 Al 54
2006 —0. 048 0.092 EIE 223
2007 —0. 006 0.012 CIES 2574
2008 0. 103 0.013 7.865 P NGIESE s
2009 —0.106 0.016 CIESE
2010 0.071 0.019 3. 805 P NGIERE s
2011 0.079 0. 025 3.159 NGIESE
2012 —0.018 0. 004 ] ek
2013 —0.019 0. 010 CIERE:
2014 —0. 047 0.019 IR 22
2015 —0.091 0. 002 CIESE
2016 —0. 074 0. 045 G223
2017 —0.019 0. 049 CIES 2574
2018 —0. 063 0121 G223
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Fig. 2 Ecological security index of water resources
of-Beijing from 2003 to 2018
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Tab. 6 Water resources benefits of Beijing from 2003 to 2018

e Y & ShER R
NEDRRBAZ m® OKRIBEFAE/ O - m®)  KE AR IR 5 8 /AL m? ARG TR A/ V%

2003 0.078 32. 380 15.873 27.492 0. 321
2004 0. 081 35. 302 15. 804 35. 655 0. 416
2005 0.071 62. 641 23.524 26. 307 0.315
2006 0. 066 75. 222 31.725 28.722 0. 378
2007 0. 064 89. 925 28.483 27.170 0. 354
2008 0. 068 91. 419 25.243 36. 877 0. 474
2009 0. 058 118. 458 34.198 23. 497 0. 297
2010 0. 056 128. 421 35.372 32. 285 0. 416
2011 0. 059 137. 066 30. 904 39.016 0. 490
2012 0. 056 153. 490 33.072 36. 587 0. 458
2013 0. 054 170. 713 39. 948 35,168 0. 445
2014 0. 051 195. 853 47. 854 31.°389 0. 405
2015 0. 046 232.505 55. 036 21. 640 0. 280
2016 0. 042 280. 091 54. 230 17.817 0. 241
2017 0. 041 311. 462 61.725 19. 738 0. 281
2018 0. 039 359. 696 69. 675 22.583 0. 366

%7 4bLBIH 20042018 Ik BRI

Tab. 7 Decomposition effect of water footprint
of Beijing from 2004 to 2018

GRO NERON &3R80 BARN Ait
2004 2.94 15. 39 —10. 13 8. 20
2005 6.11 64. 29 —73.59 —8..20
2006 8.96 74. 26 —91. 73 8. 50
2007 12. 45 89. 27 —110:83 —9.12
2008 17. 32 102. 53 =118.25 1. 60
2009 20. 13 109. 12 —139.79  —10. 54
2010 33. 26 117.15 ~153. 63 —3.23
2011 37.87 134,71 —167.13 5. 44
2012 40. 34 141. 66 —178. 64 3.36
2013 42,44 147. 64 —188. 99 1. 10
2014 43. 37 152. 21 —199. 80 —4.22
2015 42.31 152. 32 —208.77  —14.14
2016 40. 85 157. 77 —220.10  —21.48
2017 40. 39 165. 28 —228.85  —23.18
2018 38. 38 168.75 —235.97  —28.84
Bfl 28. 47 119. 49 —155.08  —7.12
e/ %% 9.39 39. 43 51.17 100. 00
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Evaluation of water resources utilization based on water footprint theory in Beijing
WANG Lichuan"?, HOU Baodeng' ,ZHOU Yuyan' , CHEN Xiaoqging"? , WANG Xin!*?

(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,China Institute of Water
Resources and Hydropower Research ,Beijing 100038,China;2. College of Civil Engineering and Architecture ,
Guangxi University s Nanning 530004, China; 3. North China University of Water Resources and
Electric Power , Zhengzhou,School o f Water Conservancy s Zhengzhou 450046 ,China)

Abstract: In recent years, with the continuous acceleration of industrialization, rapid social and economic development and contin-
uous population growth, water consumption in various industries is increasing,and the contradiction between supply and demand
is aggravating. Water consumption includes not only physical water but also virtual water in products and services. The purpose
of water footprint theory is to study invisible water in the public consumption and service process. Beijing is a typical water con-
sumption city, but there is no research on water resources utilization from the perspective of water footprint theory. Therefore,
based on water footprint theory, it is necessary to evaluate the utilization of water resources in urban physical water, virtual wa-

ter.and trade,

The internal water footprint and external water footprint are calculated based on water footprint.theory,including agricul-
tural virtual water consumption,industrial virtual water consumption,domestic water consumptionsecological environment wa-
ter consumption, virtual water outlet,and external water footprint is virtual water inlet. At. the same time, the LMDI model is
applied to decompose different factors such as structure effect, technology effect, and population effect of water footprint
change.

The total water footprint of Beijing showed a fluctuating downward trend from 2003 ‘to 2011 and from 2011 to 2018, re-
spectively. Among them, agricultural and industrial water footprint has a downward trend year after year, living and ecological
water footprint has an upward trend; virtual water quantity of import is greater than virtual water quantity of export. In terms of
water footprint structure, the self-sufficiency rate of water resources is generally on the rise, exceeding 70% by 2015, and the
dependence on water resources imports is on the decline side. In"case.of ‘water footprint sustainability, the water footprint
growth index is mostly negative and the available water resources‘growth index is positive. In terms of ecological safety of water
resources, both the water shortage index and pressure index are greater than 1,and the water resource pressure index is on the
decline as a whole. Likewise,in terms of water footprint benefits, the economic benefits of water footprint are on the rise, the
water load index is on the rise, the net trade value of water footprint and the contribution rate of water resources are on the fluc-
tuating stage from 2003 to 2011, and from 2011 te 2018; Among the drivers of water footprint, the proportion of population
effect is less than 10% ,the economic effect is\léss’than 40% ,and the technical effect is more than 50% , respectively.

Water footprint accounts for about. 70.%(+in Beijing, mainly in agriculture. However, with the acceleration of urbanization.,
population growth, industrial structuré changes, agricultural water footprint is getting lower and lower, and ecological water
footprint and living water footprint are increasing. The total water footprint is on a downward trend and its dependence on im-
ports is decreasing. Water resources‘are developing in Beijing.and the import dependence is high. From the perspective of the
water footprint development trend, the overall development of Beijing is in two stages, {luctuating from 2003 to 2011 and decli-
ning from 2012 to 2018:Since 2012, the sustainable development of water resources in Beijing has been benign and in a sustain-
able state. Due to the'shortage of local water resources in Beijing, both the water shortage index and pressure index are relatively
high, and the ecological safety of water resources is in a serious overload situation. Although the internal economic benefit of wa-
ter resources is increasing continuously, the external water diversion still needs to be increased due to heavy load. Based on the
LMDI model analysis., it can be seen that the driving factors of water resources change in the process of urbanization are technol-
ogy effect™economy effect™population effect. Only technical effect is driven in the opposite direction, while economic effect and
population effect are both driven in the positive direction. It indicates that great attention should be paid to the increase of water
consumption brought by economic development and population growth in the process of urbanization and that sustainable atten-
tion should be paid to the development of water-saving technology, the optimization and adjustment of industrial structure, and
the improvement of water resource utilization efficiency to realize the sustainable development of water resources.

Key words: water footprint;driving factor; LMDI; Beijing; water resources utilization
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