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Ecological water demand analysis in Arid Region

CHEN Min-Jian, WANG Hao,WANG Fang,TANG Ke-Wang ,WANG Yan (China Institute of Water Resources and
Hydropower Research, Beijing 100044,China). Acta Ecologica Sinica2004,24(10) ;2136 ~2142.

Abstract : Based on water-driven ecological evolution model, this paper, started with water movement and supply conditions,
researched the plain ecosystem water demand structure of inland rivers. The ecological water demand is divided into transition
zone ecological water demand and oasis zone ecological water demand. The oasis zone ecological water demand can be further
divided into artificial oasis water demand and natural oasis water demand. According to the basin water quantity balance and
the observed information on land surface, the water demand of ring and layer structure ecosystem and the proportion of
between precipitation and runoff which contribute to ecological water demand was confirmed. Ecological water demand analysis
is similar to the supply-demand balance analysis. The total evapo-transpiration (Et) of natural vegetation is obtained by the
analysis of the plant physiological conditions, which is taken as the vegetation ecological water demand. The typical natural
plant E¢ can be obtained by experimental data. The runoff ecological water demand GE can be calculated by deducting the
efficient precipitation from the total plant and water surface ecological water demand. On the other hand, the available runoff
water quantity for the ecosystem GR can be obtained by water quantity balance analysis based on the comprehensive runoff-
precipitation for a certain river basin.

By the balancing analysis between the ecological water demand GE and the available water supply GR, we can calculate the
actual ecological water consumption and analyze the unavailable water consumption in the saline land. According to the scenario
analysis on the ecological state in 2020, the ecological water demand prediction and the ecosystem evolution process in 2020
have been made out.
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Fig. 1 Analysis of water balance in arid inland area
(1) Ecological water demand (GE) analysis; (2) Available ecological water supply (GR) analysis; (3) Precipitation in the edge of basin;
(4) Precipitation; (5) Precipitation in mountain area; (6) Oasis; (7) Interlaced transition zone; (8) Desert; (9) Ecosystem of the mountain
area; (10) Unavailable loss; (11) Ecological area unit; (12) Unavailable evaporation; (13) Runoff from mountain; (14) Influx; (15)
Effluent; (16) Ecological water quantity demand of vegetation; (17) Evaporating capacity from water surface; (18) Water consumption of

economy ;(19) Recession; (20) Direct ecological water consumption; (21) Satisfaction; (22) Ecosystem degeneration; (23) Surplus
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Table 1 Referenced ET of all kinds of vegation in northwest arid area
Woodland (mm) Grassland (mm)
Region High Middle Low River,
Forestry Shrub Sparse wood degree of degree of degree of lake. Etc.
coverage coverage coverage
North Xinjiang 490 340 285 470 190 115 1000
East Xinjiang 540 340 270 580 185 70 1200
South Xinjiang 520 340 280 530 188 90 1150
Shulehe river basin 540 340 270 — 180 65 1200
Heihe river basin 510 340 280 520 185 74 1100
Shiyanghe river basin 440 330 285 430 188 114 900
Chaidamu basins 540 340 270 580 180 60 1200
o : ( 5% ~20%) s s s
, s Et
) Et . ( 20% ~50%)
N . , . ( 50%) . )
s Et o Et o
3.2
3.2.1 579  m®, o
s N 380 m’, 329 m’, 51 m’,
, ( 2),
3.2.2 s s -
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Table 2 The result of ecological water demand in northwest arid area
Plain Transition zone Nature oasis Manual oasis
Region
Total Runoff Total Runoff Total Runoff Total Runoff
All Xinjiang 483. 4 316.0 161. 1 48. 0 272.7 225.0 49. 6 45.0
North Xinjiang 212.2 105. 6 92.9 15.0 106. 8 80. 8 12.5 9.8
East Xinjiang 14.0 10.9 4.6 2.2 8.0 7.3 1.4 1.4
South Xinjiang 257.1 201.5 63.6 30. 8 157.9 136.9 35.6 33.8
All Hexi basins 48. 4 28.0 19.6 4.2 22.8 18.9 6.0 5.3
Sulehe basin 11.0 8.0 4.9 2.3 5.0 4.7 1.0 1.0
Heihe basin 24.9 15.5 8.9 1.7 12. 5 10.5 3.6 3.3
Shiyanghe basin 12.5 4.9 5.8 0.2 5.3 3.7 1.4 1.0
Chadamu basins 47.3 39.0 11.3 5.6 35.2 32.6 0.8 0.8
Total 579.2 379.9 192.1 57.9 330. 6 276.5 56. 4 51.1
’ ’ 809 Il’l3 o ’
517 m?® N 126 m’ s 0.76, 302 m”,
, 428  m?, s
o ( 3.
3 (X10%m?®)
Table 3 The result of water blance in northwest arid region
. . Direct Ecological
Region Total  Output Input Inappeasable . Channel Returned . .
Available ecological ~ Available water
runoff  runoff  runoff water water water
water water demand  water demand
All Xinjiang 857.0 239.6 88.1 25.2 680. 3 435.5 110. 3 244. 8 355.1 316.0
North Xinjiang 430.0 227.5 26.1 228. 6 165.2 41.4 63. 4 104. 8 104.7
East Xinjiang 27. 4 27.4 19.1 3.9 8.3 12. 2 10.9
South Xinjiang 399.6 12.1 62.0 25.2 424. 3 251.2 65.0 173.1 238.1 200.5
All Hexi basins 81.9 81.9 74.0 13.6 17. 4 31.0 28.0
Sulehe basin 22.8 22. 8 12. 8 4.1 10.0 14. 1 8.0
Heihe basin 41.6 41.6 34.2 7.0 7.4 14. 4 15.4
Shiyanghe basin 17.5 17.5 27.0 2.5 0.0 2.5 4.6
Chadamu basins 46. 8 46. 8 7.1 2.5 39.7 42.2 35.9
Total 985.7 239. 6 88.1 2%5-% 809. 0 516.6 126. 4 301.9 428. 3 379.9
* , 155% 17.5 m?
b b o b
s ° 377 ms ’
51 1'1'13 ) 326 1'1'12 o N s ’ ’
3.1 m?,
Y N b . b
b 9 b b o
b o
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Table 4 Present ecological water using in northwest arid region

4

(X10°m®)

Ecological water used

Region Total Economic Salina invalid Ecological water
water used  water used used water of shortage
Total  Artificial ecology Natural ecology
All Xinjiang 680. 3 325.2 316.0 45. 0 271.0 39.1
North Xinjiang 228.6 123.8 104. 7 9.8 94.9 0.1
East Xinjiang 27.4 15.2 10.9 1.4 9.5 1.3
South Xinjiang 424.3 186. 2 200. 5 33.8 166. 6 37.7
All Hexi basins 81.9 50. 9 24.9 5.3 19.5 6.1
Sulehe basin 22.8 8.7 8.0 1.0 7.0 6.1
Heihe basin 41.6 27.2 14. 4 3.3 11.1 1.0
Shiyanghe basin 17.5 15.0 2.5 1.0 1.5 2.1
Chadamu basins 46. 8 4.6 35.9 0.8 35.1 6.3
Total 809. 0 380.7 376.7 51.1 325.7 51.6
3.3.1 2020 - ) o
s N (
) . 2020 s S
5 2020 (X10%m?)
Table 5 Balance of ecological-economical used water in 2020
. . . . . B . . . Increased
Region Total available Channel Returned Direct ecological — Ecological available Present ecological irrigated
water water water water used water used water used Jand (km?)
All Xinjiang 742. 3 504. 4 100. 3 237.9 338.2 316.0 13333
North Xinjiang 290. 6 232.0 47.4 58. 6 106. 0 104.7 9780
East Xinjiang 27. 4 20. 6 4.1 6.8 10.9 10.9 233
South Xinjiang 424.3 251. 8 48. 8 172.5 221.3 200. 5 3320
All Hexi basins 85.0 79.7 15.4 12.2 27.5 28.0 524
Sulehe basin 22.8 19.0 5.4 3.8 9.2 8.0 537
Heihe basin 41.6 33.2 6.7 8. 4 15.0 15. 4 —20
Shiyanghe basin 20. 6 27.5 3.3 0.0 3.3 4.6 7
Chadamu basins 46. 8 9.3 3.7 37.5 41.2 35.9 133
Total 874.1 593. 4 119.4 287.6 406. 9 379.9 13990
3.3.2 2020 2020 s 2020 o
s s 20a
. , ( 6),
6 2020 (X10%m?®)
Table 6 Ecological water demand prediction in 2020
Region Total Economical Ecological Artificial ecological ~Natural ecological Salina use water
demand water water demand water demand water demand water demand
All Xinjiang 742. 3 404. 1 322.3 27. 4 294.9 15.9
North Xinjiang 290. 6 184. 6 106. 0 11.0 95.0
East Xinjiang 27. 4 16.5 10.9 1.4 9.5
South Xinjiang 424. 3 203.0 205.5 15.0 190. 5 15.9
All Hexi basins 85.0 57.5 26.3 5.4 20.9 1.2
Sulehe basin 22.8 13. 6 8.0 1.1 6.9 1.2
Heihe basin 41.6 26. 6 15.0 3.3 11.7
Shiyanghe basin 20. 6 17.3 3.3 1.0 2.3
Chadamu basins 46. 8 5.6 35.9 0.9 35.0 5.3
Total 874.1 467. 2 384.5 33.7 350. 8 22.4
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Table 7 Comparing of ecological state in 2020 and present

Region Change Change .Of Chang4e of A cbange of A Change of lnatural Change of
of total economic ecological artificial ecological ecological salina
water used water used water used water used water used water used
All Xinjiang 62. 0 78.9 6.3 —17.6 23.9 —23.2
North Xinjiang 62.0 60. 8 1.3 1.2 0.1 —0.1
East Xinjiang 0.0 1.3 0.0 0.0 0.0 —1.3
South Xinjiang 0.0 16.8 5.0 —18.8 23.9 —21.8
All Hexi basins 3.1 6.6 1.4 0.1 1.4 —4.9
Sulehe basin 0.0 4.9 0.0 0.1 —0.1 —4.9
Heihe basin 0.0 —0.6 0.6 0.0 0.6 0.0
Shiyanghe basin 3.1 2.3 0.8 0.0 0.8 0.0
Chadamu basins 0.0 1.0 0.0 0.1 —0.1 —1.0
Total 65.1 86. 4 7.8 —17.4 25.1 —29.2
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