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Landscape pattern changes and their impacts on soil erosion in the Southwest

Alpine Canyon Area of China
CHENG Lulu, LAN Mengyao, GUAN Yinghui”, ZHOU Jinxing

School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Abstract: Exploring the mechanism of landscape pattern changes on soil erosion can provide a scientific basis for the
prevention and control of soil and water loss and the maintenance of regional ecological security. Based on the land use data
of 2000, 2010, and 2020, this paper systematically revealed the changes in landscape patterns and their impact on soil
erosion in the Southwest Alpine Canyon Area of China by using the methods of landscape pattern index, RUSLE model, and
geographical detector. The main conclusions were as follows: (1) Woodland and grassland were the dominant landscape
types in the Southwest Alpine Canyon Area of China, and their average area accounted for 45.82% and 40.22%

respectively, but their dominant position was weakening; From 2000 to 2020, the landscape pattern of the study area has
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changed significantly, mainly manifested by the expansion of cultivated land (+1609.49 km®) , the reduction of forest land
(-2697.10 km®) , and the rapid degradation of grassland ( —40458.68 km’). (2) The landscape structure presented a
compound evolution characteristic of “increased diversity-decreased connectivity-intensified fragmentation” , especially the
trend of fragmentation from 2010 to 2020 was more apparent. Different land categories showed distinct differentiation rules
the integrity of the forest landscape further strengthened, the number of patches (NP) and patch density (PD) decreased
by 23.18% and 18.18% respectively; the degree of grassland fragmentation intensifies, and the largest patch index (LPI)
decreased by 10.74% ; the spatial agglomeration feature of construction land was particularly prominent. (3) Soil erosion
was mainly moderate and mild, accounting for more than 80% in total. However, the overall situation of soil erosion was
worsening, with the area of severe erosion increasing by 931.94 km’. Spatially, the intensity of soil erosion presented a
pattern of being higher in the southeast and lower in the northwest, with localized concentrations. The water storage and soil
conservation area in the high mountain canyons of northern Yunnan-southwestern Sichuan, and the ecological maintenance
area in the high mountain canyons of northwestern Yunnan constituted high-incidence areas for soil erosion. The proportions
of areas with intense and above levels of soil erosion in these regions were 33.49% and 21.52% , respectively, of the total
areas with the same level of soil erosion in the study area. (4) At the patch level, the Largest Patch Index ( LPI) was the
main factor affecting soil erosion in farmland and grassland, while the Patch Cohesion ( COHESION) was the key indicator
explaining the variation in forest soil erosion. At the landscape level, the Splitting Index ( SPLIT) , Landscape Shape Index
(LSI), and Shannon Diversity Index ( SHDI) were the core driving factors influencing soil erosion in the southwestern
alpine canyon region. Notably, the explanatory power of single and double factor interactions on soil erosion showed a
weakening trend year by year. A comprehensive analysis indicated that the explanatory power of landscape pattern changes
on soil erosion was gradually weakening, and its impact on soil erosion has gradually shifted from “dominant” to “basic
regulation”. This shift marked the driving factors of soil erosion in the southwestern alpine canyon region transitioning from
an early “landscape pattern-dominated type” to an “external forcing factor-driven type”. In the future, regional soil and
water conservation management needs to shift from a single “landscape optimization” to a coordinated governance model of

“landscape optimization +climate change adaptation + human activity regulation”.

Key Words: the Southwest Alpine Canyon Area of China; soil erosion; landscape pattern; RULSE; geographical detector
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Table 1 Data information and sources
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Data types Data sources Precision Data pre-processing

AR GlobeLand30 20 BEIX 2000,2010 A1 2020 4F =, AR4% — Z 7 S I da) 3 g B b AR
Land use type (http://globeland30.0rg/ ) " Hiy FE b K3 A R A A TR0 SRR A
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Table 2 Landscape pattern index and its significance in the research area
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Table 3 Changes in land use area in Southwest Alpine Canyon Region from 2000 to 2020

e 2000 4F 2010 4F 2020 4E
Land use type T itk TR i bk TR dilk
Area/km? Proportion/ % Area/km? Proportion/ % Area/km? Proportion/ %

b Cultivated land 26615.70 4.33 26362.50 4.30 28222.30 4.60
s Woodland 283108.00 46.11 280445.00 45.67 280400.00 45.67
FiHh Grassland 263043.00 42.84 255337.00 41.58 222594.00 36.25
JKIR Waters 2653.60 0.43 2459.38 0.40 3395.40 0.55
U Land for construction 645.16 0.11 839.17 0.14 1680.91 0.27
HABFIHL Other land use 37970.50 6.18 48588.10 7.91 77738.80 12.66
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Fig.2 Spatial distribution of land use in the study area from 2000 to 2020
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Fig.3 Changes in landscape pattern index of type level in the study area from 2000 to 2020
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Fig.4 Changes in landscape level index of the study area from 2000 to 2020
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Rl A I 25 20 AR IN T 931.94 km® , MZS[E] BA, T IX I X DAGORE RN B4R ik ok 3 T AR o 9 IX T
TR LA 5 919% 5 5 F0 K LA I A 9 - 4384 b F2 B A A T IX ATV X T R o 51X (] 25 4% = H 4= o 1
(45 EL AR 33.49% (21.52% , ELIL DX 52 304 P i o 18 28 34 ) B0 42 ok i L o fF 5 X [) 46 0% T AR o L A
2010 41 42.60% 1 F151 2020 41 50.19% , I ZZ 1 B2 FaF 78 X 2 1 (>3126 km?) 5 IV X Z14R il i
FE M 28.75% TR 20.31% , {HAK 300 5 KBS AR SR 45 vy, 107 75| ke e o E AL,

Fz4 2000—2020 EFAFESLUESXETIEEMELERE L

Table 4 Area and proportion of soil erosion levels in southwest alpine canyon region from 2000 to 2020

R 2000 4 2010 4 2020 4E
Soil erosion intensity LIk i b [T i b g2 it
Area/km? Proportion/ % Area/km? Proportion/ % Area/km? Proportion/ %
THE Microdegree 369928.80 61.56 383344.90 63.74 370495.80 61.62
52 Mild 172021.80 28.63 157840.60 26.25 169524.80 28.19
HHEE Moderate 28142.00 4.68 28753.31 478 29679.25 4.94
iR F Strong 11657.81 1.94 12730.88 2.12 11615.31 1.93
5% 5N Extremely strong 11890.94 1.98 11394.81 1.89 11744.88 1.95
JiZ1 Intense 7288.75 1.21 7338.61 1.22 8220.69 1.37
20004F. 20104F

N
A

0 250 km
[

TR R
. R
CORE
C
[ 5
I AR SRRY
Pkl

5 2000—2020 & =M = 6 57 B
Fig.5 Spatial distribution of soil erosion from 2000 to 2020
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3.3.1 BRADKFFEE

(1) A pH R

BAPRF- RN 25 SR B ASTR] A Hi R FH 283 v s ) A AR i 1) B S AR R PR U R E 2 R (B 7). 1
FEH 500 LPT R - 342 1 () i B F1 B 55,2000 ,2010 1 2020 4F ¢ {43 %14 0.061,0.026,0.021, Ak + 3
{2t %% AT COHESION F1 LPT 192 2501 ( P<0.05) ,2010 4F ¢ {543514 0.130 ,0.212.,0.193, HHirr LPI
Xof - S35 ol (4 A B TE = AR P S AR A XA SE , 2000 ,2010 F 2020 4F ¢ {E43514 0.104,0.104 ,0.080, 2t
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Fig.6 Proportion of soil erosion area at each level
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Rl A 2 2 B 5 A AR St WR R G s 800 (18 8) o BF b AT AT LPT A58 BAE FHXS TR R mi e K, ¢
EAERFAE 0.04—0.12 , FEHABEHbL (9 25 ] 45 TR 5 00 34 B JRORASE, 114 b ) 2050 07 S 8 1 R 17 422 ot JXURSS ; FLu, LPT
5 NP LP1 5 PD AR HAEFHR Z . % T AL, AT F1 COHESION F4 52 T AE X -+ 842 1k Al 52 0 o 38 35 5 b
12,2000 ,2010,2020 4 ¢ {H 435k 0.267 ,0.255.,0.215, X R0, 5 B4R 2 5 w8 376 30 P 1) bt S5 0L BB A 80080
2% 93 W GT b 2R 09 B PR 3SR OK BB BE T, AT I R ARAR D RS, AE R e AT 5 LPL YA BLAR
FFE IR K, 2000 ,2010 ,2020 4F- ¢ {E43514 0.158,0.137.,0.139, AR E , T4 BE 48 BOUZ R 0 74 1 1= L e 45
DX MR 1) SR 3 R T (R AL ZE AR [ 2 rh e 0 s B B 1 S et . e A, Bl B R4 | 45 2k
A SR 8 00T 9642k AR 52 RS2 ST 559 , AT 5 LPT B9 58 3580 %ot B b R S i) g e 3%, DA 2000 4T 0.12
TREF] 2020 4E64 0.04( &l 8) ,AIN COHESION ,COHESION N LPI X2, ¢ 1553 BIFEMK T 62.50% .57.14% ; %f #k
Hff e 1 R 9 ATV LPT, H: ¢ {E M 2000 4ERY 0.27 R3] 2020 4E£9 0.18,
332 SWKFEFEEL

(1) BRI

LSI SHDI F1 SPLIT =8B 5% X L2l 5 BAT W 35200 ( P<0.05) (B IR AL A7 7 W] & 2 %
(E9), Hrr, SPLIT J& 5 MK A8 50 52 32 b AZ .03k s 7, 2000,2010 1 2020 45435135 0.244
0.227 ,0.153 , fi 2 2 T HAth 50 WLA8 55, 3 B8 G S LA 1 A 2 8 2 52 il G g v L DB 2 [X 1 S 4R 19 G e 1A
%, SHDI WSR2, Hofr B 7 s a) 5 a8 s 3%, 2000 ,2010 ,2020 4F ¢ {43514 0.213 ,0.135.,0.117, AL
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Fig.7 Detection results of contribution rate ( ¢-value) of type level index factor from 2000 to 2020
Al RAEEFEH COHESION : BEREE & % | LP1. S KBEHUREL NP BEHCR PD . BEYUEE ; W MK + P<0.05, * * P<0.01

(2) ZZHHM

ZEH PRI 3 M 25 SR W, 55U Jm PR -6 - S8R Il 1) 5 W A7 7 S 3 A DI R B SO, oA WA 728 AR
FAR R RE ST (g 1B ¥ 50 3 8 T B 8 74000, S AR () R 2R MR SN . 2000—2020 45, FLAT i figt g 41 114
S H A FEALHE . LSIN CONTAG  SPLIT N CONTAG  LSI N SPLIT, & ¢ A 75 43 %14 0.131—0.375 .0.231—
0.361,0.255—0.394 , (R[S 32 538 BAR A7 78 3 A5 48 4k . 2000 4F L LSI N CONTAG 1938 BN 5
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Fig.8 Type level index interactive detection results
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9 2000—2020 £ FVKFEFIRMER
Fig.9 Results of landscape level factor detection from 2000 to 2020
CONTAG : Contagion index; ED: Edge density; LSI: Landscape shape index ; SHDI: Shannon's diversity index ; SHEI ; Shannon's evenness index; SPLIT:

Splitting index

%1 (¢=0.375) ;2010 4, CONTAG N SPLIT WS FEJ1 8 m (¢=0.356) 5 2 2020 4 WF% 422 LSINSPLIT 52 H.AE
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= S
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Fig.10 Interactive detection results of landscape level index from 2000 to 2020
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