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Abstract: [ Objective ] The Sichuan-Yunnan ecological barrier area is an important ecological function area in China. To reduce the
increasing ecological degradation and soil erosion, it is important to research soil erosion and soil conservation functions. [ Method ]
The Integrated Valuation of Ecosystem Services and Trade-offs (InVEST) model was used to characterize the spatial distribution of
soil erosion and soil retention in 2000, 2010, 2015, and 2020. The GeoDetector was applied to detect the main controlling factors of

soil erosion. [ Result ] The results showed that the soil erosion modulus and the total amount of soil erosion in the four phases

* R PRI LI (2022FY 100204 ), [ BARFIAREGTH (42271369 ) FIZRAE AARIAHEETH (2208085MD88 ) ¥l
Supported by the Specialized Survey of Scientific and Technological Basic Resources ( N0.2022FY 100204 ), the National Natural Science
Foundation of China ( No.42271369 ) and the Natural Science Foundation of Anhui Province ( No.2208085MD388 )

+ WIR/E#E Corresponding author, E-mail: sxxu@issas.ac.cn
EEA: B B (1998—), &, TROKAA, Bit0isd:, E2NFRFEIFESERF BV . E-mail: 1458545387@qq.com
Wk H Y 2023-07-26 5 WEMEECR HII: 2024-04-15; W% HE K B (www.cnkinet): 2024-07-16

http://pedologica.issas.ac.cn



6 M Fij ¥h55. LT InVEST AR A ) E A S BE B IX 3 R s DI e VAN 1549

showed a trend of decreasing and then increasing. The erosion intensity was dominated by mild erosion, accounting for about
85% of the whole area, and mainly distributed in the eastern part of the area. The light and more than light erosion intensity were
mostly distributed in the western part. Soil conservation modulus in 2000, 2010, 2015, and 2020 were 4.0x10%, 3.5x10°, 3.5x10°, and
4.5%10° tkm 2, respectively, and soil conservation amount were 9.6x 10%, 8.3x108, 8.2x10%, and 1.1x10° t, respectively. The influence
degree of each influencing factor on soil erosion in descending order was as follows: land use type, elevation, fractional vegetation
cover, soil erodibility, erosivity, and slope. The interaction effects between factors on soil erosion were greater than that single factor,
and the interaction between land use type and soil erodibility had the strongest effects on soil erosion. [ Conclusion ] Although soil
erosion in the Sichuan-Yunnan ecological barrier area shows a worsening trend, soil conservation is gradually improving, and soil
conservation is stronger than soil erosion, and overall, the Sichuan-Yunnan area is developing in a better direction.
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Table 1 Criteria for classification and grading of soil erosion intensity (southwestern soil and rocky mountainous areas)
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Fig. 2 Spatial distribution of land use types in the Sichuan-Yunnan ecological barrier area in different periods
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Fig. 4 Spatial distribution of soil erosion intensity in the Sichuan-Yunnan ecological barrier area in different periods
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Fig. 5 Spatial distribution of soil conservation capacity in the Sichuan-Yunnan ecological barrier area in different periods
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ARWFERAFAELL T AL : (1) InVEST BT
TAEG kR R, i e B S ik, K E AR
HLERAR AR 53 B A B, [ S5 380 T A AR A 1
SEIR XAV A SRR RO Fk, 7ELVS R
WEFE e, 25 R A4 A S A TR 23 A FORG E
BUE. (2) AR AR R HEE R 90 m 1+
BRI . 30 m (19 DEM i NDVI #dls . S5 0F5T
A DL B B e SRR 1 25 (B oy B, il

KA B3R 12.5 m (Y DEM £, i s
A1 NDVI Eds il Dl s 2 $dis (2SRl
10m) HKINTA R, 3R T LGS el E ok
A PEAE R0 HER N 10 m IBIFSE IX A+ 38 JE PRI

S

4 45 B

AR A InVEST #ERIX 1 X 2000 4, 2010

http://pedologica.issas.ac.cn



6 1 M $h%F. LT InVEST BURAY ) E AR 255 I X AR 45 DO RE AN

1555

A 2015 A1 2020 AR E R SLHETT 40T,
PR A 2R AR E SR . AR E
VL BSR4k 1) L IR ORFF DI RE EAT T 4341, JFis
H BRI 2 e R R o s T TR Y, R
e (1) RHR R SRR G
- S AR R B BSORT - AR kR B A3 A 2000 AR Y
144.8 tkm? Fl 3.4 x 10" t H K ZE 2020 4EM
231.4 tkm > F1 5.5x 107 t, f25dta B LUGHRE 4=l
Fo (2) HEEAFRRE TR KNBESE, 2000 45
F 2015 AF EHELARRELEOM IR RE B R R TG
o 2015 AEFFIRE T T, 2015 45 B ARAE,
3R 3.5 % 10° tkm 2 Fl 8.2 x 108 t, (3) 540 [H
TR - ARk Y e R N e BRI Ry e A MR
FH2ER . mfe, MERE S BT T B
MR T YR, ATl #5200 R 1 1 28 AR
FHRT - S5 452 b 9 52 e 287 KT B DXL 7 O S i

S %3 Hk ( References )

[ 1] WangXK,GulJ,LiuG,etal. The influence of transverse
and longitudinal ridge tillage on soil erosion and
deposition cycles for mollisol slope[J]. Acta Pedologica
Sinica, 2022, 59 (2): 430—439. [T/, #52%, X
W, . B DU 28 X P T A ot - L S
B2 [T]. L3, 2022, 59 (2): 430—439.]

Yu W Y, Zhao L S, Zhang J S, et al. Quantitative
attribution analysis of driving factors of soil erosion in
Xiaolangdi Reservoir area of the Yellow River[J]. Journal
of Soil and Water Conservation, 2023,37( 3 ): 155—163,
170, [T, BJel, skEhkn, 4. BR/MRIREX
TR IR H o T[] K L ARREER
2023, 37 (3): 155—163, 171.]

Zheng T, Zhou Z X, Bai J Z. Simulation and
characteristic analysis of ecosystem service flow: A case
of the soil conservation services in the Jinghe River
Basin[J]. Journal of Shaanxi Normal University ( Natural
Science Edition ), 2022, 50 (4): 21—33. [J8l&, FH
L, EAR. AR RGNS WS IR T — LR
AL A B OR AR IR S5 (7). B PG U R 2 2 e AR
BRI ), 2022, 50 (4): 21—33.]

Wischmeier W H, Smith D D. Predicting rainfall-erosion
losses from cropland east of the Rocky Mountains[S].
USDA Agricultural Handbook, No0.282, 1965.
MaY, He HM, Zhao H F. Spatiotemporal change of soil
erosion in Gannan Tibetan autonomous prefecture based
on GIS and RUSLE[J]. Research of Soil and Water
Conservation, 2023, 30 (3): 37—46. [ThHi, faytny,
B2 K. FET GIS M RUSLE Ay H 3 4 S5 ok i 255 35
A1, K EARFEFZE, 2023, 30 (3): 37—46.]

Liu B'Y, Zhang K L, Xie Y. An Empirical Soil Loss

[8]

[9]

[ 10 ]

[ 11 ]

[ 12 ]

[ 13 ]

[ 14 ]

[ 15 ]

Equation[C]//Proceedings  12th  International  Soil
Conservation Organization Conference, 2002.

Marques S M, Campos F S, David J, et al. Modelling
sediment retention services and soil erosion changes in
Portugal: A spatio-temporal approach[J]. ISPRS International
Journal of Geo-Information, 2021, 10 (4): 262.

Xiao Q, Hu D, Xiao Y. Assessing changes in soil
conservation ecosystem services and causal factors in the
Three Gorges Reservoir region of China[J]. Journal of
Cleaner Production, 2017, 163: S172—S180.

Guo Z Q, Yan Z J, PaErHaTi M, et al. Assessment of soil
erosion and its driving factors in the Huaihe region using
the InVEST-SDR model[J].
2023, 38 (1): 2213208.
Zhao XY, WangJF, LiQ, et al. The function of soil

Geocarto International ,

conservation in Beisan River Basin based on InVEST
model[J].
Science ), 2022, 40 (4): 487—496. [N, 4R,
AP, . ST InVEST SR 14k =l i+ 3 42 152y
BERTZE[]. Al T2 dh ( AR ), 2022, 40
(4): 487—496.]

Jia WL, WuS N, Chen A. Research on evaluation of

Journal of Shihezi University ( Natural

ecosystem services in Chishui River Basin based on
InVESTI[J]. Journal of China Institute of Water Resources
and Hydropower Research, 2020, 18( 4 ): 313—320. [54
BBk, SIEH, BRE. FET InVEST ALY 2R K i 4
SR GRS HREIFAR BT (0], [ KR K R R
FEBE2EAR, 2020, 18 (4): 313—320.]

Fang TZ, QinPY, Wang L M, et al. High temporal- and
spatial-resolution green vegetation coverage generation
and its application in soil erosion monitoring[J]. Acta
Ecologica Sinica, 2019, 39 (15): 5679—5689. [J7 X
N, BIE, TR, S5 WIS S SRR A T
T3 ¥ B FEAE 3 4= T M 0 b g R R [0 AR A A

2019, 39 (15): 5679—5689.]

Yu Y H, Wang J L. Uncertainty of terrain factors
extraction based on different resolution of DEM[J].
Yunnan Geographic Environment Research, 2018, 30
(1): 40—45. [EBeF1, F45%. DEM ARIF 43 HF 5 %1
B TR EED]. =B FREE L, 2018,
30 (1): 40—45.]

Zhu Y L. Study on soil erosion pattern and its response to
land use change in hilly of Northeast
China[D].Changchun: Jilin University, 2021. [#LJCHN.
ARACAR L B B X A 3452 DA J R G Bt 1) AR Ak 1Y
W REBESE[D]. KA WA, 2021.]

Cui P. Progress and prospects in research on mountain

areas

hazards in China[J]. Progress in Geography, 2014, 33
(2): 145—152. [4EMS. P EIL R ETIREME RS ARk
BE T B AR ]. HUPRARR AR, 2014, 33 (2):
145—152.]

http://pedologica.issas.ac.cn



+ i

e 61 %

[ 20 ]

[ 24 ]

[ 25 ]

[ 26 ]

Liu F, Wu HY, Zhao YG , et al. Mapping high resolution
National Soil Information Grids of China[l].
Bulletin, 2022, 67 (3): 328—340.

Liu F, Zhang G L, Song X D, et al. High-resolution and
three-dimensional mapping of soil texture of China[J].
Geoderma, 2020, 361: 114061.

Peng S Z. 1-km monthly precipitation dataset for China
(1901-2020 ) . National Tibetan Plateau Data Center,
DOI: 10.5281/zenodo.3185722, 2020[ #4575, #[E 1km
SrHEEsE H KB EARAE (1901-2020) . [R5
JFRE2H 4 L, DOT: 10.528 1/zenodo. 3185722,2020.]
Yang J L, DongJ W, Xiao X M, et al. Divergent shifts

in peak photosynthesis timing of temperate and alpine

Science

grasslands in China[J]. Remote Sensing of Environment,
2019, 233: 111395.

Yang J, Huang X. The 30 m annual land cover dataset and
its dynamics in China from 1990 to 2019[J]. Earth
System Science Data, 2021, 13 (8): 3907—3925.
WuZJ,Wang Y Q, Yan B, et al. Research on soil erosion
and soil conservation function of Ordos city based on
InVEST model[J]. Water Resources and Power, 2021,
39 (8): 31—34, 98. [R&EM, FiKuk, BN, % %
T InVEST HIEISR/R 2 87 L e hh e - e 053
REMFAE[0]. /KB BRIERIS:, 2021, 39(8): 31—34, 98]
Chen S S, Liu K, LiT, etal Evaluation of ecological
service function of soil conservation in Shangluo city
based on InVEST model[J]. Acta Pedologica Sinica,
2016, 53 (3): 800—807. [MRUHM, LIU HE, 245, %
LT InVEST BERI R i K O35 A= AR 55 S REBTE
FE[0]. H3ER, 2016, 53 (3): 800—807.]

Lang Y, LiuN, Liu S R. Changes in soil erosion and its
driving factors under climate change and land use
scenarios in Sichuan-Yunnan-Loess Plateau region and
the Southern Hilly Mountain Belt, China[J]. Acta
Ecologica Sinica, 2021, 41 (13): 5106—5117. [HR3E,
X, XHEER . AR b R AR P e T AR 2S5 B
KEWREHENFI]. M, 2021, 41 (13):
5106—5117.]

Williams J R, Renard K G, Dyke P T. EPIC: A new
method for assessing erosion’s effect on soi ;
productivity[J]. Journal of Soil and Water Conservation,
1983, 38 (5): 381—383.

Zhang K L, Peng WY, Yang H L. Soil erodibility and its
agricultural soil in China[J]. Acta
Pedologica Sinica, 2007, 44 (1). 7—13. [5kBLF], %
e, tpLrm. v E g R AR (], ke
%, 2007, 44 (1): 7—13.]

Wang L Z. Research on soil conservation and habitat

estimation for

quality changes in Poyang Lake based on InVEST model[D].
Nanchang: Nanchang University, 2021. [FiRi&. 3T

[ 27 ]

[ 28 ]

[ 30 ]

[ 31]

[ 32]

[33]

[ 34 ]

InVEST 455 Y 1% 30 FH 9] 3 458 = 398 (7 1 0 26 158 0 b A Ak
WF5E[D]. MiE: BERY, 2021]

Cai CF, Ding S W, Shi Z H, et al. Study of applying
USLE and geographical information system IDRISI to
predict soil erosion in small watershed[J]. Journal of Soil
and Water Conservation, 2000, 14 (2): 19—24. [5%:%
2, TROC, e, % W] USLE BB S i3 {5
FZ¢ IDRIST /N it o - A b i B9 WF 2 (0], K
Fe2Edie, 2000, 14 (2): 19—24.]
Wang J F, Xu C D. Geodetector :
prospective[J]. Acta Geographica Sinica, 2017, 72 (1):
116—134. [EZhE, HRR. HhERBMES . R SR
[J]. M35, 2017, 72 (1): 116—134.]

Xu Q, Li L, Li G M, et al. Research on ecological

environment monitoring technology of Sichuan-Yunnan

Principle and

ecological barrier area based on remote sensing[J]. China
Resources Comprehensive Utilization, 2019, 37 (10 ):

7—10, 13, [#RPE, #s5E, FEY], & ETEEM
TEL A 285 e W DX A A R M U H AR RIS (0], o Rl 9 R 4
AR, 2019, 37 (10): 7—10, 13.]

Chen J L. Study on monitoring and evaluation of
ecological environment in Sichuan-Yunnan ecological
barrier area[D].Chengdu: Southwest Jiaotong University,
2018. [BRYLHE. JIE AR 255 B X A 25 A58 U0 5 PE A
WHFE[D]. ALHR: PURgACHE R, 2018.]

Cao T Z. Evaluation of soil conservation function in
Gaizhou city based on USLE Model[J]. Technology of
Soil and Water Conservation, 2023 (5): 11—I12. [# %
#. BT USLE BEAUAY 6 N 7 R4 D RE WM W 5T
[31. K ELREER HEE AR, 2023 (5): 11—12.]

Zhang J H. Study on soil conservation function of Yiluo
River Basin based on InVEST model[J]. Henan Science
and Technology, 2023, 42 (17): 86—90. [fKkH:H. 3k
T InVEST 4584 ¢ f 3l i ok 38 Or 45 2 B WF 52 (1],
MERE, 2023, 42 (17): 86—90.]

Huang X, Chen H, Xu X R, etal. Analysis of temporal
and spatial changes and driving factors of soil erosion in
the Yimeng mountainous area[J]. Journal of Ecology and
Rural Environment, 2023, 39 (4): 469—479. [# 7%,

WREL, tR/MT, 45, U758 10X+ 3842 Pl s 2 A8 1 B LK
HHFRBA] EESRIFEER, 2023, 39 (4):
469—479.]

LiJ, Cao Y Q, Yao J Q, et al. Temporal and spatial
variation analysis of soil erosion in Beijing-Tianjin-Hebei
region based on RUSLE model[J]. Water Resources and
Hydropower Engineering, 2024, 55 (4): 186-199. [2%
M, WOKER, AFHL, S JET RUSLE #EAL RUHSE
Mo IX L SR D 23 AR AT (0], KRR RLEOAR, 2024,
55 (4): 186—199.]

(RERE: AHH)

http://pedologica.issas.ac.cn



