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Fig.1 Location of Liiliang Mountains
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Tab.1 Data information and sources
HymER R 4 7R Vg B3t L EP QU
Data type Data name Spatial resolution/Type Data source
R S MR AR S8 RIS e
1000 m Resource and environmental science data platform
Basic data Land use data of five periods (httpwww.resde.cn)
e i PR 2 () HHE =
ERAY SRR Digital elevation model 30m Geospatial data cloud (https://www.gscloud.cn)
Natural factor R i FH i P8 3 ArcGISTH 5
Slope gradient 60m Calculation from DEM using ArcGIS
AR om HRURHE S VA B A
Population Resource and environmental science data platform
GDP 60 m (http://www.resdc.cn)
I 1 ) 18 P P B

K Vector

Distance to primary roads

B 22 T8 K FE 2

?i%gé B‘?% . 9&% Vector
Socio-economic factor DlSjiinCC to secondary roads 4 [E HhFEAE B R H % R4
) pe o A I - . . . .
K #& Vector National catalogue service for geographic information
Distance to expressway (httosy/ b )
ttps://www.webmap.cn
BBk BB B B P P
) ) K& Vector
Distance to railway
B 5 R R -
. L K Vector
Distance to residential areas
\ R
K 2 A T AR ] )
1000 m China meteorological data network
Rainfall erosion factor Annual cumulative rainfall
(https://data.cma.cn)
o - K )15 D S0 R 700 o
TR T 8= o i ) o
K& Vector National glacier, geocryology and desert scientific data center

Soil erosion factor Soil property data

(https://www.ncdc.ac.cn)
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Tab.2 Neighborhood factor settings under different scenarios

1 35t/ 2% Lt il i Kk B AR
Scenario/Land use type Cultivated land Forestland Grassland Water body Construction land Unused land
S1 0.5 0.8 0.2 0.4 0.6 0.1
S2 0.3 0.5 0.2 0.1 0.9 0.1
S3 0.8 0.6 0.2 0.4 0.5 0.1
S4 0.3 0.9 0.7 0.3 0.4 0.1

7E: S1. 82, S3. S44rHIRE HARK I 5t QU R RS FHE R 5t ESRIE S

FIE. Notes: S1, S2, S3 and S4 represent natural

development scenario, economic priority development scenario, cultivated land protection scenario and ecological protection scenario, respectively. The

same below.
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Tab.3 Land use transfer matrix settings under different scenarios
fi§ 5t Scenario s1 s2 s3 4

M Landusetype a b ¢ d e f a b ¢

a 1 1 1 1 1 1 1 1 1

b 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0

c 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0

d 0 1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 1 0 1 1 1 0

e 1 0 1 0 1 1 0 0 0 1 0 1 1 1 1 1 0 1 1 1 1 1

f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
VE:a, b, oo d, e, PAAMRERSHL, ARHb, Fobb | K3, W AL, KA L. Notes: a, b, ¢, d, e, and f represent cultivated land, forestland,

grassland, water body, construction land, and unused land, respectively.
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HAR b 55 5 (8] AH B3 Ak (] 4) 35 0 AR B i A2
977.4 km’,
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B 7K 3 F 18 FH U RA AR R b g B 39842
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Tab. 4 Changes in land use types in Liiliang Mountains (2003-2033)

Fy iR/ EE 5] i LS i K3 AR R
Year Area (km®) /Proportion (%) Cultivated land Forestland Grassland Water body Construction land Unused land
A Area 29 076.26 16997.94  35836.10 81.60 2 442.54 6.57
2008 EL A5 Proportion 34.43 20.13 42.44 0.10 2.89 0.01
[i#! Area 27 481.17 17826.76 36 176.12 97.41 2853.85 5.71
2008 L5 Proportion 32.54 2111 42.84 0.12 3.38 0.01
T Area 26 635.50 18 897.34 35542.59 118.40 3243.06 4.12
200 EL 5] Proportion 31.54 22.38 42.09 0.14 3.84 0.01
A Area 25994.52 19657.60  35121.05 122.14 3539.33 6.38
2018 EL 5] Proportion 30.78 23.28 41.59 0.15 4.19 0.01
THIA Area 27 946.37 2048279 32017.18 122.35 3865.21 6.12
2023 EL 5] Proportion 33.10 24.26 37.92 0.15 4.58 0.01
2033 A Area 30 322.62 21460.57  28053.52 121.99 4475.84 5.48
S1 EL 45 Proportion 3591 25.41 33.22 0.15 5.30 0.01
2033 [ii# Area 27593.18 21460.19  30999.70 122.66 4260.79 5.48
S2 Lt Proportion 32.68 25.41 36.71 0.14 5.05 0.01
2033 A Area 30322.94 2146032 28918.34 122.39 3611.55 5.48
S3 L6431 Proportion 3591 25.41 3425 0.14 4.28 0.01
2033 A Area 27363.53 2146032 37908.68 122.68 3580.33 5.48
S4 tt 5 Proportion 32.41 25.41 37.79 0.15 4.24 0.01
M.} Total 84 441.01
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Fig.2 Land use transfer map of Liiliang Mountains (2003—2023)
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Tab.S Accuracy verification of land use Kappa coefficient for FLUS model
i 3 Period 2003—2008 2008—2013 2013—2018 2018—2023
Kappa % #{ Kappa coefficient 0.87 0.83 0.79 0.77

SFYIRE S Average accuracy

0.82

(] 5), PEIRIA 85.1% . 1X—ZhA I FE 2RI “—3h—
IR, 5 2003 FAH E, 2023 4 B M 47 4 3
12 i 5 5 B M L bR ML ZE 48 4 0 R D & 24.54 N
70.94 t/km’.
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Fig. 6 Spatial distribution of soil erosion in Liiliang Mountains (2003—2023)
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Tab. 6 Soil erosion status of different land use types under multiple scenarios

5 3 257 o iy A2 B LR R
Scenario Land use type Soil erosion per unit area/(tkm’z) Total soil erosion/t
Bt Cultivated land 88.89 2.532 x 10°
S1 it Forestland 37.66 0.796 x 10°
Hih Grassland 110.06 3.018 x 10°
Fiith Cultivated land 83.66 2.162 x 10°
S2 it Forestland 37.67 0.797 x 10°
it Grassland 107.79 3.263 x 10°
Bt Cultivated land 85.54 2.431 x 10°
S3 Bk Forestland 37.78 0.799 x 10°
I Grassland 109.41 3.093 x 10°
Bt Cultivated land 81.97 2.084 x 10°
S4 FRH Forestland 37.62 0.795 x 10°
i3t Grassland 107.48 3.347 x 10°
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Spatiotemporal pattern changes of soil erosion in sensitive area of soil
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Abstract: [Objective] The middle reaches of the Yellow River Basin represent a critical ecological
zone highly susceptible to soil erosion, particularly in the Liiliang Mountains, which severely threatens
regional ecological security and sustainable development. Investigating the impact of land use change
on soil erosion in this sensitive area of soil erosion helps optimize regional spatial layout and provide a
scientific basis for ecological conservation and sustainable development in the Yellow River Basin.
[Methods] This study analyzed the spatiotemporal characteristics of land use change and soil erosion
in the Liiliang Mountains from 2003 to 2023 using the FLUS and InVEST models. The analysis was
combined with multi-source data, including land use data, population, gross domestic product, rainfall,
digital elevation model, soil properties, and road network data. The FLUS model was employed to
conduct Kappa coefficient validation for the land use data of five periods, and the InVEST model was
then used to simulate soil erosion magnitude. Furthermore, the impact of land use change on soil
erosion under four different scenarios in 2033 was simulated (S1: natural development scenario; S2:
economic priority development scenario; S3: cultivated land protection scenario; S4: ecological
protection scenario). [Results] 1) Land use types in the Liiliang Mountains were dominated by
cultivated land, forestland, grassland, and construction land, and they changed significantly from 2003
to 2023. The land use structure exhibited a trend of "two decreases and two increases". The cultivated

land and grassland decreased by 4.04% and 10.66%, respectively, while forestland and construction
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land increased significantly by 20.50% and 58.25%, respectively. The bidirectional conversion between
grassland and cultivated land, as well as conversion from grassland to forestland, were the most
prominent types of land use change. 2) The cumulative soil erosion per unit area decreased remarkably
by 85.1% over the past 20 years. Among them, soil erosion in forestland, grassland, and cultivated land
decreased by 86.18%, 85.82%, and 84.18%, respectively. Additionally, the spatial distribution pattern
remained relatively stable, characterized by higher erosion in the west and south and lower erosion in
the east and north. The western Linfen—Liiliang region continued to be the highest erosion risk zone,
accounting for approximately 15% of the total study area. 3) Multi-scenario simulations revealed that
future soil erosion would be strongly regulated by the area and spatial arrangement of land use. The
impact of land use patterns on future soil erosion was significantly different. Under the different
scenarios, the economic development scenario (S2) exhibited the most optimized land use structure. The
overall erosion intensity indicated that grassland (3.263 x 10° t) had the highest erosion intensity,
followed by cultivated land (2.162 x 10° t) and forestland (0.797 x 10° t), demonstrating that
forestland exhibited significantly superior erosion resistance compared to other land wuse
types.[Conclusions] The implementation of ecological conservation policies in the Liiliang Mountains
significantly mitigates soil erosion intensity, indicating their role as a dominant factor. To further reduce
regional soil erosion risks, it is essential to enhance the construction of terrace—check dam systems,
coordinate the allocation of water and soil resources, and optimize territorial spatial planning. This
study establishes a scientific foundation for decision-making in soil erosion mitigation, ecological

conservation, and regional spatial optimization in the Liiliang Mountains.

Keywords: soil erosion; land use change; FLUS-InVEST model; multi-scenario simulation;

spatiotemporal pattern; Liiliang Mountains
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