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Spatio-temporal changes of three-dimensional ecological footprint in inland river

basins in Arid Region: a case study of the Manas River Basin
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Abstract: The ecological capital is unique but the ecological carrying capacity is limited in Arid Region. The supply-
demand relationship and the equilibrium mechanism of the ecological footprint have received much attention. The Manas
River Basin, a typical inland river basin in the arid area, was taken as the target area. According to the characteristics and
change trend of land use/cover type in the arid area, we established a three-dimensional ecological footprint evaluation
model based on the ecosystem service flow law generated by the oasis production consumption. We analyzed the spatial and
temporal differences of the ecological footprint of the river basin from 2000 to 2018 by using the local parameters of the arid
area. The results showed that: (1) due to the interaction of limited natural carrying capacity and social and economic
development, the ecological deficit of the Manas River Basin is expanding. On the time scale, the basin ecological deficit

has increased by 4.36 times in the past 18 years, and the per capita ecological deficit has increased by 3.12 times, among
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which the proportion of energy land and cultivated land was high and the growth rate was fast, and its contribution to the
ecological deficit was far more than other types. On the spatial scale, the contribution rate of Shihezi city to the basin
ecological footprint was significantly higher than that of Shawan County and Manas County. (2) In the same period, the
ecological footprint span of the Manas River Basin increased by 0.59 times, the depth of the footprint increased by 0.44,
and the ratio of span to depth reached 3343876.1.63, indicating that the occupation of the flow capital was increasing, the
stock capital is declining, and the ecological pressure was increasing. (3) The utilization efficiency of basin resources has
been significantly improved, increased by 4.73 times in 18 years, and the growth rate was 5778.3 yuan/hm’/year. (4)
Although the basin faced great ecological challenges and population pressure, it was not prominent in the whole Xinjiang.
Compared with the provincial and national parameters, the local parameters can better reflect the current status of natural
capital use in the river basin. Finally, the optimization prospects of ecological capacity in the arid area and suggestions for

sustainable development of the river basin are proposed.

Key Words: Manas River Basin; ecological footprint; three-dimensional model; provincial hectare; local parameter
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Fig.1 Sketch map of the Manas River Basin
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Table 1 Manas River Basin ecological footprint account type and data source
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Table 2 Native parameters of the Manas River Basin ecological footprint model

BAIZHL b Hih Mt 7K 5k A (iU EEC
Model parameters Cultivated land Grass land Forest land Fishery water Construction land Energy land
7L F Yield factors 1.292 0.796 0.262 0.947 1.292 0.000
Y1 A F Equilibrium factors 3.032 0.131 0.141 0.037 3.032 1.290
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Fig.2 Ecological footprint and ecological capacity of the Manas River Basin
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Table 3  The calculation results of the ecological footprint and ecological capacity of the Manas River Basin

HZS T Ecological footprint/hm? H AR ST Eeological capacity/hm?

2018 2015 2010 2005 2000 2000 2005 2010 2015 2018
1909930 1963869 1497994 1168497 968428 Hiih 1849864 2133186 2565751 2800474 3014456
620264 603492 468904 248622 83006 Wi 94412 90722 85081 76450 73641
3535 3266 2781 3008 1845  Midh 2319 2270 2209 2604 2665
1008 787 619 410 378 JKisk 1853 1078 1156 662 654
222068 208286 164324 157048 137038 @M 155793 178541 186813 236791 252460
2684437 2174776 1305559 1519366 1304986  REVRHHL 0 0 0 0 0
5441243 4954477 3440182 3096951 2495682  EiAl 2104240 2405797 2841011 3116981 3343876
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Table 4 Changes in the per capita ecological footprint of the Manas River Basin

SRR 401 Manas county £ ¥ Shihezi city VM7 Shawan county AW 3R Manas river basin

Year of A5l % of Lt/ % of A5/ % of ec ed

2000 2.9947 24.63 4.2864 48.92 3.3539 26.45 3.6333 3.0634 -0.5699
2005 4.1017 22.48 4.6190 48.53 4.4380 28.99 4.4406 3.4496 -0.9910
2010 5.1507 26.13 4.7895 46.72 4.3865 27.15 4.7580 3.9293 -0.8287
2015 4.9490 24.54 6.0458 47.72 6.6598 27.73 5.8764 3.6970 -2.1794
2018 5.4324 24.26 6.1464 50.62 6.7523 25.12 6.0895 3.7423 —2.3472

F A/ %A X I A 25 2 5T o O SR A A R I ) L TR ed ( ecological deficit) I RN EBIR T ef. I IS Y L) Ecological
footprint ; ec: NE IV C W] Ecological capacity ; ed RN ESFRFE Eological defici
3.2 HAERAE A R )R SR AR A
DL =2 2R 25 2 50 ) R B R Ay 2 2 A R TR 3 BT sl 2 A A2 R )R R AR R U R B W 4
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Fig.3 The size and depth of the ecological footprint of the Manas River Basin
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Table 5 Comparison of ecological footprint model factors at different scales
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