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Abstract: [ Objective | The spatio-temporal distribution characteristics and interaction mechanisms of coal,

water, and soil resources in the Ningdong coal and power base from 2003 to 2023 were explored, in order to

provide a theoretical basis for the optimal allocation of resources and ecological environment protection in this

region. [ Methods] Based on multi-source data, the spatiotemporal evolution characteristics of coal, water,
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and soil resources were studied using methods such as a land-use transfer matrix and growth rate analysis,
and the balance of water resource utilization was evaluated in combination with supply and demand analysis.
[ Results ] @ From 2003 to 2023, coal production in Ningdong continued to increase, with an average annual
growth rate of 5.89%. Coal mines were mainly distributed in the central and northern parts of the base, and
the areas of industrial and mining land use had increased significantly. The supply and demand of water
resources were unbalanced. Surface water relied mainly on water diversion from the Yellow River, and
groundwater exploitation was restricted. The water body area increased from 21.45 to 45.66 km*. @ The
dominant land use type was grassland, but its area decreased. Industrial and mining residential land use
expanded significantly, and its proportion increased from 1.40% in 2003 to 8.12% in 2023; the land resource
utilization rate increased from 6.14 % to 18.42%. @ The development of coal, utilization of water resources,
and changes in land use interacted with each other. Coal mining affected water resource demand and land
occupation. The distribution of water resources influenced the ecological patterns of mining areas. Changes in
land use further regulated coal mining layouts. [ Conclusion] Coal development has a significant impact on

soil and water resource utilization. Efforts should be made to optimize the allocation of water resources, improve the

efficiency of land use, and promote the green and low-carbon development of Ningdong coal and power bases.
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Fig.1 Diagram of Ningdong coal and power

base research area
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Fig.2 Annual coal production of Ningdong

coal and power base
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Table 1 Annual production, reserves, area and construction time in Ningdong coal and power base
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Fig.3 Distribution structure of water bodies in Ningdong coal and power base from 2003 to 2023
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Table 3 Area of land use types and its proportions in Ningdong coal and power base

R A A mﬂ/kmz_ A A A A A mmmm/%‘ A A

2003 4F 2007 4E  20114E 2015 4F 2019 4F 2023 4F 2003 4F 2007 4F  20114F 2015 4F 2019 4F 2023 4F
G 663.42  692.13  680.82  678.75  686.76 690.1 19.22 20.05 19.72 19.66 19.89 19.99
M 71.98 75.16 75.4 75.24 77.34 76.14 2.09 2.18 2.18 2.18 2.24 2.21
K 136.55 134,02  135.16  134.61  122.72  119.88 3.96 3.88 3.91 3.9 3.55 3.47
o 1602.48 1602.04 1572.83 1541.17 1459.67 1 448.84 46,42 46.4 45.56 44,64 42.28 41.96
K 8 21.45 24.9 25.42 29.11 39.15 45.66 0.62 0.72 0.74 0.84 1.13 1.32
B 459.89  441.06  422.33  421.68  418.99  418.74 13.32 12.78 12.33 12.21 12.14 12.13
VDU RE 349 326,16 324.79  320.87  293.41  291.98 10.11 9.45 9.41 9.29 8.5 8.46
A F 67.63 64.12 69.45 60.16 56.33 54.53 1.96 1.86 2.01 1.74 1.63 1.58
HoAt 31.71 29.77 27.89 21.09 24.41 26.21 0.92 0.86 0.81 0.61 0.71 0.76
TV RRMM  48.26 63.01  118.28  169.69  273.59  280.28 1.40 1.83 3.43 4,92 7.92 8.12
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Fig.6 Sankey diagram of land use transfer matrix in Ningdong coal and power base
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Table 4 Changes in land use type index of Ningdong coal and power base

b ) FH 2

i 4 iR T H A HoAty T

} I WE ) 7k H i ™ =
H i M AR i) K3 PR & R F1 T J
NCI 0.04 0.04 —0.02 0.00 0.16 —0.04 —0.07 —0.05 —0.06 0.31
2003—2007 4F  TCI 0.06 0.08 0.03 0.03 0.44 0.07 0.07 0.07 0.06 0.31
TI 0.72 0.57 —0.74 —0.01 0.37 —0.62 —0.95 —0.77 —1.00 1.00
NCI  —0.02 0.00 0.01 —0.02 0.02 —0.04 0.00 0.08 —0.06 0.10
2007—2011 4 TCI 0.15 0.10 0.04 0.05 0.20 0.07 0.04 0.21 0.07 14.66
TI —0.11 0.03 0.19 —0.36 0.10 —0.57 —0.11 0.40 —0.89 0.88
NCI 0.00 0.00 0.00 —0.02 0.15 0.00 —0.01 —0.13 —0.24 0.94
2011—2015 4 TCI 0.14 0.03 0.04 0.05 0.39 0.08 0.04 0.17 0.25 0.94
TI —0.02 —0.08 —0.11 —0.43 0.37 —0.02 —0.33 —0.80 —0.96 1.87
NCI 0.01 0.03 —0.09 —0.05 0.34 —0.01 —0.09 —0.06 0.16 57.14
2015—2019 4 TCI 0.18 0.29 0.17 0.15 0.99 0.27 0.17 0.34 0.32 0.43
TI 0.06 0.10 —0.51 —0.36 0.35 —0.02 —0.52 —0.19 0.50 0.46
NCI 0.00 —0.02 —0.02 —0.01 0.17 0.00 0.00 —0.03 0.07 0.95
2019—2023 4 TCI 0.06 0.07 0.10 0.06 0.45 0.10 0.11 0.09 0.10 1.49
TI 0.08 —0.23 —0.23 —0.11 0.37 —0.01 —0.04 —0.34 0.73 52.90

NCI g 7 82 dE AL W4 B TCT N BB S/ (L B8 80 T Fe R i s 4.
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Fig.7 Water use structure of Ningdong coal and
power base in 2018
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Table S Quantity and potential of groundwater
extraction in source area of Ningdong

coal and power base 10* m*/a

KR fii B PBURIFRE TRIFRE KA
B E I K P HpEH  0.018 0.064 0.046
R KK AT 0.090 0.279 0.189
RE S KR A 0.040 0.070 0.030
P A T S K U e FupdrEs  0.010 0.123 0.113
RO FEEEN KR A 0.000 0.246 0.246

Mot 0.158 0.782 0.624
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Fig.8 Changes of land resource utilization in Ningdong
coal and power base from 2003 to 2023
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