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Water-driven ecological evolution mechanism in inland arid region

CHEN Min-Jian, WANG Hao, WANG Fang  (China Institute of Water Resources and Hydropower Research, Beijing 100044,
China). Acta Ecologica Sinica,2004,24(10):2108~2114.

Abstract: In the inland river basin, the area of which is about 1/3 of China, the precipitation mainly concentrates in the
mountain area but it is arid and rainless in basins. Then the special azonal ecosystem has been formed. In the inland river
basin, according to the water resources condition and ecological characteristic point. starting with the interaction mechanism of
between water and ecosystem, this paper systemically researched the plain ecological problems along the narrow belt of
riverbank as the center of oasis, and regarded this as the foundation of researching the ecological water demand. Because of the
runoff movement action, the plain ecosystem configuration is presented in a sequential hierarchy. From the river bank to the
outside area are distributed as oasis, transition zone, and desert. The plant ecosystem and vegetation cover rate change as
forest, shrub, sparse shrub, high cover rate grassland, low cover rate grassland, sand desert and Gobi. The arrangement rule
of the vegetation ecosystem reflects the change of groundwater runoff. In the arid and rainless environment (yearly
precipitation less than 100mm), the groundwater evaporation from river runoff supply is vitally useful for vegetation
ecosystem, for it is the main source of vegetation water demand. The inland river basin ecosystem configuration., namely the
definition of plain ecological ring and layer structure, is plotted out according to the water demand and supply conditions of the
local ecological landscape. When the mode of water and land resources development and utilization was changed,

correspondingly the distribution and nourishment condition of water resources was also altered., and further resulted in the
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change of the ecological structure of ring and layer. The ecological structure of ring and layer was regarded as the foundation of

theory and method about calculating the ecological water demand in arid region, hereby the quantitative water-driven ecological

evolution model was formed.

By satellite image analysis with a scale of 1 : 100000 from 1970’s to 1990’s combined with some field observation, the

northwest inland region ecological and environmental situation analysis from 1970 to 1990 was carried out. The result shows

that it completely coincides with the ecological structure of ring and layer theory. The general trends of the ecological zone

pattern: the artificial oasis has been expanded widespread and the natural oasis shrunk; the interlaced transition zone between

the desert and the oasis has been in serious degradation; the desert area has gradually increased.
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Fig. 1 Relation between precipitation and runoff and for ecology and economy using
(1) Precipitation; (2) A hundred million; (3) Mountain area; (4) Plain; (5) Unavailable evaporation; (6) The ecosystem of mountain area;
(7) Formed runoff; (8) Unavailable evaporation in desert area; (9) The ecosystem of interlaced transition zone; (10) The ecosystem and
economy of oasis; (11) The artificial oasis; (12) The natural ecosystem; (13) Economy; (14) Ecosystem; (15)From mountain; (16) Influx;

(17) Effluent; (18) High frigid and unmanned zone; (19) Leaking for alkaline saline
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Table 1 Water source of ecological system in inland plain (runoff %)
Woodland Grassland
Item High Middle Low degree Bottomland
Forestry Shrub Rare wood degree of coverage degree of coverage of coverage
All Xinjiang 81.9 77.9 78.2 82.8 59.7 26.9 90. 8
North Xinjiang 76.7 66. 5 60.0 75.7 40.0 0.8 82.5
East Xinjiang 93.3 89.4 86. 7 93.8 80. 6 48. 7
South Xinjiang 91.1 86. 3 83.4 91.2 75.3 48. 4 93.4
All Hexi basins 86. 1 82.2 69. 4 84.9 65. 1 20.9 89.7
Sulehe basin 93.6 89. 8 87.1 — 80.7 46. 6 95. 4
Heihe basin 88.2 82.4 78.6 88.5 67.6 19.0 88.9
Shiyanghe basin 74.1 65.5 60.0 73.5 39.4 0.0 82.5
Chadamu basins 94. 4 91.1 88.8 94. 8 83.1 49. 4 96.0
Total 82.1 80.3 78.6 83.2 62.0 27.8 91.6
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Table 2 Composition of plain ecological system in northwest inland area
%) Oasis
Area distribution (X 100km?)
Transition Total
ltem Total le‘eil Desert , Jone oasis N /
(X100km?) (X 100km?) (%100km?) (X100km?) Desert Transition Oasis Man'ual Natu'ral Manual/
zone oasis oasis Natural
All Xinjiang 9338 6648 1456 1235 71 16 13 632. 8 602. 3 1. 05
North Xinjiang 2603 1426 683 494 55 26 19 326.7 167.7 1. 95
East Xinjiang 1539 1436 66 37 93 4 2 22.6 14. 4 1.57
South Xinjiang 5196 3786 706 704 73 14 14 283. 4 420. 1 0.67
All Hexi basins 1870 1474 245 151 79 13 8 113.4 37.7 3.01
Sulehe basin 707 611 76 20 86 11 3 12.6 7.6 1. 66
Heihe basin 896 700 120 76 78 13 9 53.1 23.3 2.28
Shiyanghe basin 267 164 49 54 61 18 20 47.7 6.7 7.10
Chadamu basins 1020 639 189 193 63 19 19 7.4 185.2 0. 04
Total 12228 8760 1889 1579 72 15 13 753.6 825.1 0.91
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Table 3 Depth of ecological used water in inland plain
Total used water (mm) Used runoff (mm)
Item
Desert Transition zone  Natural oasis Manual oasis  Transition zone  Natural oasis Manual oasis
All Xinjiang 34 111 453 666 35 377 590
North Xinjiang 61 136 637 523 22 523 409
East Xinjiang 21 70 555 766 34 519 730
South Xinjiang 28 90 376 822 44 329 776
All Hexi basins 29 80 605 659 12 537 591
Sulehe basin 20 65 662 803 30 628 769
Heihe basin 28 74 534 633 14 474 573
Shiyanghe basin 65 119 787 649 5 673 535
Chadamu basins 25 60 190 760 30 160 730
Total 32 102 401 666 32 331 596
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Fig. 2 Water-driven inland ecological “ring and layer” model
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Fig. 3 Evolution trend of ecological structure based on water
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Table 4 70s~90s ecological transform in northwest arid region
Manual oasis Natural oasis Total oasis Transition zone Desert
Region 0 o ® @ ) 0 ) ® »

(X 10*km?) %) (X 10*km?) 9% (X 10*%km?) %) (X 10*km?) %) (X10%km?) (%)

North Xinjiang 1.28 54 —0.02 —1 1.26 27 —1.29 —9 0.03 0
East Xinjiang 0.03 13 —0.06 —31 —0.03 —8 —0.23 —12 0. 26 2
South Xinjiang 0. 15 5 —0.31 —10 —0.17 —3 —1.15 —16 1. 32 3
All Xinjiang 1.45 27 —0.39 —7 1.06 10 —2.66 —12 1. 60 3
Sulehe basin 0.02 19 —0.01 —11 0.01 7 —0.09 —6 0. 07 2
Heihe basin —0.01 —1 —0.08 —29 —0.09 —11 —1.18 —37 1. 27 26
Shiyanghe basin 0. 05 7 —0.08 —52 —0.03 —4 —0. 32 —34 0. 36 31
All Hexi basins 0. 06 5 —0.18 —34 —0.11 —6 —1.58 —28 1.70 17
Chadamu basins 0. 02 28 —0.12 —10 —0.10 —38 —0. 20 —8 0. 30 3
Total 1.53 23 —0.68 —9 0. 85 6 —4. 44 —14 3. 60 5

(D Transformed area;@ Transformed rate
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