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Spatiotemporal differentiation and quantitative attribution of soil erosion in
southern Anhui based on RUSLE and GeoDetector
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Abstract: [Objective] The objectives of this study are to reveal the spatiotemporal differentiation characteristics and
causes of soil erosion in southern Anhui Province and to provide a scientific basis for soil erosion prevention
and control in this region.[ Methods ] Based on the RUSLE model and GeoDetector, combined with multi-
source remote sensing data, the spatial and temporal distribution and influencing factors of soil erosion in
southern Anhui were explored. [ Results] (1) The spatial distribution of soil erosion in this region from 2002
to 2022 was significantly different. The Dabie Mountains in the north of Anging City, the Dalongshan area in
the southeast of Anqing City, the Lion Mountain area in the eastern part of Tongling City and the central and

western parts of Wuhu City, the southern part of Chizhou City and Xuancheng City, the Huangshan
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Mountain Area in Huangshan City and the surrounding Qiyun Mountain and Baiji Mountain were the main
erosion areas. However, the soil erosion in the plains along the river and other river valleys in the cities of
Anhui was small. (2) From 2002 to 2022, soil erosion in this area showed a general trend of decreasing-
rising-decreasing”’. Among them, the total erosion in 2002 was 22 314 100 t/a, which decreased to 21 180 500
t/a in 2007, increased to 24 523 600 t/a in 2012, and then continued to decline to 20 606 700 t/a in 2022.
(3) The explanatory power results of each factor detector show that land cover type, slope, altitude and
rainfall are the main influencing factors in this area. (4) In 2002, 2017 and 2022, the explanatory power of
land cover type and other factors on soil erosion was greater than that of other factors, while in 2007 and
2012, the explanatory power of vegetation cover and other factors on soil erosion was more prominent.
(5) Based on the soil erosion data and factor data in 2022, the high-risk areas were shrubs with vegetation
coverage less than 37.1%, average annual precipitation ranging from 1 971.96 to 2 092.37 mm, slope greater
than 63.96°, altitude between 1 056 m and 1 819 m, and average annual temperature ranging from 10.46 °C to
11.3 °C. [Conclusion] Soil erosion has improved in southern Anhui in the past 20 years, but the mountainous
and hilly areas with large slopes, low vegetation coverage, high rainfall intensity and irrational land use are

still high erosion risk areas, and future prevention and control efforts should be aimed at these key areas.

Keywords: soil erosion; RUSLE model; GeoDetector; southern Anhui region
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Fig. 1 Schematic diagram of the geographical

location of southern Anhui
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Table 1 Basis for assigning CP factors

y: 2 RE /0
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0~10 10~30 30~50 50~70 70~90 90~100
V7S i) 0.10 0.08 0.06 0.02 0.004 0.001
O A 0.42 0.23 0.14 0.087 0.042 0.011
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Table 2 Classification of soil erosion grades
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Table 3 The area of soil erosion in southern

Anhui in 20 years km*
iR/ 2002 4 2007 4 2012 4 2017 4 2022 4
(tekm 2 ea !
0~25 19616.83  20695.62  19748.49  19302.79  20047.71
25~50 8315.70  8723.04  8573.89  8429.01 8622.47
50~100 8456.36  8517.57  8502.26  8500.56  8600.73
100~250 8951.77  8370.13  8685.51 9045.59  8694.58
250~500 4646.07  4264.58  4419.37  4672.54  4427.74
500~750 2223.12 2056.56 2160.94 2229.58 2141.78
750~1000 1293.85 1228.24 1290.60 1297.59 1273.30
1000~1500 1529.43 1442.27 1536.02 1532.70 1499.46

1500~2000 835.34  T46.46 82573 83859  783.00

2000~3000 73824 626.20 72078 T44.67  651.33
>3000 73078 667.03 87227 74044 595.33
R4 BREMR20FEALIEREFHERERME

Table 4 The average rate and amount of soil erosion in

southern Anhui Province over the past 20 years

e i 2002 4F 2007 4F 20124F 2017 4F 2022 4F
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B 2231.41  2118.05  2452.36  2250.37  2060.67

(tea

20224F

20174F

0 300 km I 0-25 I 25~50 = s0~100 [ 100~250
B —— [ 250~500 [ s00~750 [ 750~1000 [ 1000~1500
= 1500~2000 I 2000~3000 B >3000

2 AR TEEHEESH

Fig. 2 Distribution of soil erosion intensity in southern Anhui Province
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Fig. 3 Spatial distribution of soil erosion intensity in southern Anhui Province
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Fig. 4 Sankey diagram of soil erosion intensity

change in southern Anhui Province

Table 5 Area transfer matrix of different erosion grades in southern Anhui Province from 2002 to 2022 km*

2002 4£ 2022 1
e BRE thEE i 2 e i 21 J 2
ol B 49576.8249 554.5989 14.8923 3.1914 0.7956 0.2376
BE 961.3422 5168.553 150.9489 51.0381 13.0806 1.9368
W EE 13.9626 275.7114 418.2705 10.7757 15.4908 2.2464
el 3.1482 91.0485 13.2597 83.7684 3.5577 1.0494
% 5 21 1.3338 20.6307 13.0428 4.4982 20.4381 1.9224
i 54 0.4833 2.8917 2.3121 0.6201 1.4553 2.1357

R6 MmEHX 2002—2022 FLEFMRIEE ¢ BEHRITER

Table 6 Statistical results of g value of driving factors of soil erosion in southern Anhui Province from 2002 to 2022

EDOY B3 e ER A e AF A T 4 W AF X 3 B
2002 0.0525 0.0445 0.2226 0.0485 0.0938 0.0276
2007 0.0778 0.0381 0.1364 0.0739 0.0680 0.0600
2012 0.0680 0.0394 0.1152 0.1000 0.0742 0.0516
2017 0.0531 0.0460 0.2396 0.0473 0.0949 0.0317
2022 0.0576 0.0479 0.2168 0.0522 0.0836 0.0348
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Fig. 5 Interaction detection results in southern Anhui Province
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Table 7 High risk area of influencing factors in southern Anhui Province from 2002 to 2022

A1 R TR/ mm W/ () 75 2/ m o ey MR/ % FYRE/C
2002 1971.96~2092.37 56.85~63.96 1056 ~1819 N 0~37.1 <10.46
2007 1971.96~2092.37 56.85~63.96 1056~1819 i 0~37.1 10.46~11.32
2012 >>2092.37 56.85~63.96 1056~1819 R 37.1~60.5 11.32~12.18
2017 1971.96~2092.37 56.85~63.96 1056 ~1819 R b 0~37.1 <10.46
2022 1971.96~2092.37 63.96~71.06 1056~1819 HE 0~37.1 10.46~11.3
PRI AR L » 0 P40 2O 5B 547 1 k2250 m I

A FEHE T RUSLE 58 A1 b BEAR I 45 , X 5 B
DX AR A A B S LK S [N R BEAT T IR A 3T .
MR ST W X 2002 4R 2 B0l + R Il s E] 43
Aty S F 5 I 119 56 R W58 AT A L BAE 9 R e g
Fr 98 L by 55 Y 4 A8 v b DX - 422 ol 10 BRI ol o
R R E PR S N A T Sl i 20 R S A XS AR
SO — B, e R XA AR Pl A AR AT T
PIIERE T EE R . N B AR IBUR R | fog il DX 9 2
JE S UL b ARk A5 4 DX 32 I Ju R L BR
L2 L e e XL R R B R T 2R, %t
DX 31 2 A L X 4 2 G B 22 O B AR B A il )
A1 KRR W T R LIS H) 4R vh, Oy R e R 4
BT YRR A B ) 2 A . AR N R T T i AN
o B AR A T A BE T B L L R 2 i B R L
PRI RAF I H AR TT R B T RSO SO T R
ST SRR KA

ARFFEILAFAE— LA L ZAb - (1) ASCHF TR

ST 5T n] 2 A B gy R[] 23 B R A s ] A3 B R Y
Bt o M) P TR AR Y 3t TG vk A B i R R
FE: 7R A R T A (EL AR AT SRS VE A 2 H M T
B, AR BE B 0 L H T B R T AR g
FERTT 1 AR THIE T 45 2R Al S D X 4R
G et B2 M E AR K G (2) RBFRTE
) St BRI g 2 o A S AR et A1) B2 e DR R O A
AT Z R ZR A0 R D5 T 5 SRR AT % R
455 B GDP =5 (8] 73 A Bl o A 1 s 8] 23 A 2080
A HEAT I 2 0 AR ph 3R ) [N R R

5 &g

(1) i g by DX R 7 70 b DX J T 42 ol 56/ T 500
t/Ckm® « a) fY B 50 B AR Ik 4% 50 3 S 4R ok TG AR
FB A2 ok o 3 AR ) e 0 33 Ok R oy B SRR T 500
t/(km? + a) B BB 5536 B A X8 32 200 A T %
PR PN R L X 22 DR T AR i Al g i 2R 7 45 e T8
T AP PSP T ST R L P B L X



28 /Sl S S

% 32 &

JEH 55 2 1 PR LA XL X 5 R RN G T
b7 5 36 X sl 45 o — 2L,

(2) BErgHh X R R R 2T — BT —
TR H 2002 4E SR MR 2 231.41 J7 t/a. TR
2007 4E[EZE 2 118.05 J7 t/a, 1E 2012 4EHE ZE 2 452.36 7
t/a, Z S S R 2022 4E0Y 2 060.67 J7 t/a, i b
X AE 2002—2007 - H 2017—2022 4 + 317 b gl 3%
DX 3 T AR T ] DX T AR FE 2012—2017 4F B
AT ) Fg DX i AR AR — L A 20072012 4F
A5 o] e DX 3 T RR K T R 0 DX AR, e R
X 2022 4EAH [ 2002 4F 4 AR T R 0 8% 1A i 4 %
R b R 32 U 55 1) DX 35 22 ) g X3 R R R B e DA
AR o R ) DX AR A R N AR R R 2
AleiE— LR MGE

(3) AR BB HR I 5 1) 25 5 T A1, 2002 4F 2017
A 2022 A2 42 Pl A Ak B AT 3 Rl DK B R o £ il
B 25 28R > W B > AR L 2007 AF 50 42 il A Ak Y 1T
3 IR N N -k A+ b B 55 2 A > U AR > AE R O
2012 A5 W42 ol AR AL AT 3 R oK ) RO + b 7 5
HR AR B > PR . BRI, M 7 o5 28 A
Wi B PR R R XM X R E R R E

(4) MR 22 F/E FH 400 25 1 45 - mT 0, 2002 4
2017 4 ,2022 4F 1Y 52 e PR A8 AR G &0 — 30,
BT i 2 R0 5 Al D 1 3 [ 1 P X - S A ol 1% i R
B R T HAR N 7. 1 2007 4E 2012 4F 0 A 9B 55
JE 5 HoAh B 7 3L [R]VE X - 35642 0l % i B I e K
T A PR LA 4 B G R PR DR ER A KT A H A
BTG, B, T B4R hoyh BN AN 255 8 T 42 1k
28 AR v ) DR Y SRV TS 1O L 38 BT &2 1 % )R
PR~ [) 19 28 B A D At 0 JHG 28 0 20 0 o o2 4 T L 2
1436 3 R W LA e R PR D 2 - 942 Todu sk DX s 2 S 3R
R INHESSS 433 (0P 1A 1

(5) PRI Z b X XU Xy e o TN o g 3 R
e TRF AR VAR B T o BB T4 4 L ) R R A |
ML 2022 4 14 Ry RS DX 3 Ay B A o B <T37.1 00 L 4F
PIfgE KR 1 971.96~2 092.37 mm . % >>63.96°, i
$1056~1 819 m AEIRE 10.46~11.3 ‘CHHEMN,
I e XN 1 Ry A X T R AR R B LR
- HEAR Dl Y A SRR S

£ % L HR ( References) :

[1] Pimentel D. Soil erosion: a food and environmental
threat [J]. Environment, Development and Sustain-

ability, 2006,8(1):119-137.

[2]

[3]

[4]

(5]

[6]

7]

(8]

[9]

[10]

[11]

Pennock D. Soil erosion: the greatest challenge for
sustainable soil management[ M]. Rome: Food and
Agriculture Organization of the United Nations, 2019.
Wischmeier W H, Smith D D. Predicting rainfall-erosion
Losses from cropland east of the rocky mountains: guide
for selection of practices for soil and water conservation
[M]. Washington D C: Agricultural Research Service, U.
S. Department of Agriculture in Cooperation with Purdue
Agricultural Experiment Station. 1965.

Meyer L. D. Evolution of the universal soil loss equa-
tion[ J |. Journal of Soil and Water Conservation, 1984,
39(2):99-104.

BOCHE, X F T AT GIS b [ LR M TR AE B R
Ge[J].K LARFF# . 2003.17(2) :89-92.

Zhang W B, Liu B Y. Development of Chinese soil loss
equation information system based on GIS[J]. Journal
of Soil and Water Conservation, 2003,17(2):89-92.
Renard K G, Ferreira V' A. RUSLE model description
and database sensitivity[ J]. Journal of Environmental
Quality, 1993,22(3) :458-466.

Alewell C, Borrelli P, Meusburger K, et al. Using the
USLE: chances, challenges and limitations of soil
erosion modelling [ J]. International Soil and Water
Conservation Research, 2019,7(3) :203-225.

2L BN AR L 45 3R T RUSLE B8R i &
R AT T3 S AR I P A [T DK R AR RS, 2024, 31
(3):20-29.

Lan Z F, Tian X J, Niu Y F, et al. Evaluation on soil
erosion based on RUSLE model in the Yarlung Zangbo
River Basin[ ] ]. Research of Soil and Water Conserva-
tion, 2024,31(3):20-29.

P gE B VLR AT AR T RUSLE #5270 b B
HUR AR R YT ol B R St sl d o G o I B N e
#2.,2024,38(1):91-103.

Yang Y P, Tian P, Shen C Z, et al. Vulnerability assess-
ment of soil erosion in southwestern Hubei Province
based on RUSLE model and geographic detector[ ] ].
Journal of Soil and Water Conservation, 2024,38(1):
91-103.

4G, TV I8 e . 5538 T RUSLE #5514 2 7K 3
T A S ) s AR A RRAE LT K A PR R 2 4, 2024,
38(1):70-78.

Chi J M, YuY, Feng J L, et al. Spatialand temporal
variation characteristics of soil erosion in Guishui River
Basin based on RUSLE[ ] ]. Journal of Soil and Water
Conservation, 2024,38(1):70-78.

X[ .3 20 4F 5590 8 B0 b R H /B v AR Ak R+



%13

VP45 36 T RUSLE HIHb BRI 2% 04 e i 3t DX 98 4= ol i 28 0 S K2 4 29

[12]

[13]

[14]

[16]

[17]

(18]

B RO W T [ D B8 - 2 BT K %2, 2016.
Deng G H. Study on land use/cover change and soil
erosion in Chaohu Watershed in recent 20 years[D].
Wuhu, Anhui: Anhui Normal University, 2016.

B B, SR Z0 AN P ZE 4T, 55T 30 4F A 7Y R i il b g
A5 bt o 2 708 Al B R S5 LA Jey 1 o o ([ ] K A AR A2
#,2024,38(3) :37-44.

Tian C Y, Zhang H L., Wang J H, et al. Temporal and
spatial changes of soil erosion and its response to land-
scape pattern in Dabie Mountains of western Anhui in
recent 30 years[J]. Journal of Soil and Water Conser-
vation, 2024,38(3) :37-44.

GRS R T 2 e v 1 PR SCAR R e s Y8 X T
TR & B [EB/OL]. [2024-01-17]. https: /
www. ah. gov. cn/public/1681/554101861. html.
Anhui Provincial Development and Reform Commis-
sion. The 14 th Five-Year Plan for the Construction
and Development of the International Cultural Tourism
Demonstration Zone in Southern Anhui [ EB/OL J.
[2024-01-17]. https: / www. ah. gov. cn/public/1681/
554101861. html.

JRAR A B R AR W R M HE 4R R ELT] K+
PRFFFAR,1995,9(1) :13-18.

Zhou F J, Huang Y H. The rainfall erosivity index in
Fujian Provincel ] . Journal of Soil and Water Conser-
vation,1995,9(1) :13-18.

Sharply A N, Williams ] R. EPIC-erosion/productivity
impact calculator:1. model documentation[ M. Wash-
ington, D.C.: Technical Bulletin-United States Depart-
ment of Agriculture, 1990.
SRBLR, 92 300 A L1, T R b O AT (R R A B
(1], 23,2007, 44 (1) . 7-13.

Zhang K L, Peng W Y, Yang H L. Soil erodibility and
its estimation for agricultural soil in China[]J]. Acta
Pedologica Sinica, 2007,44(1) .7-13.

sk A7 BhAL, A BEL AE LT GIS R 1) 553 1 i
YR SR A A T LT A T/ 24, 2012, 28 (10)
159-164.

Zhang H M, Yang Q K, Li R, et al. Estimation meth-
ods of slope gradient and slope length in watershed
based on GIS and multiple flow direction algorithm[]J].
Transactions of the Chinese Society of Agricultural
Engineering, 2012,28(10) :159-164.

Wischmeier W H, Smith D D. Predicting rainfall ero-
sion losses: a guide to conservation planning [ M J.
Washington D C: United States Department of Agri-
culture, 1978.

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

McCool D K, Brown L C, Foster G R, et al. Revised
slope steepness factor for the universal soil loss equation[ J].
Transactions of the ASAE, 1987,30(5) :1387-1396.

Liu B Y, Nearing M A, Risse L. M. Slope gradient
effects on soil loss for steep slopes[J]. Transactions of
the ASAE, 1994,37(6) :1835-1840.

XS T0 . B/ AR A S b s R R e r B LML L
AR A 2010,

Liu BY, Bi X G, Fu S H, et al. Beijing Soil Loss
Equation[ M. Beijing: Science Press, 2010,

A H ROF EBE LR M B o A R S IR
TR R[] FRBF 5T, 2010,29(8) : 1461-1470.

Cheng X F, Yu F. Spatial distribution of soil erosion
and its relationship to environment factors in Anhui
Province[ J ]. Geographical Research, 2010, 29 (8):
1461-1470.

rhAe R L A K R AR, 4 39 4R k4 28 4 bR v SL
190—2007[ S1.ALHT b [k F K Ht H b . 2008.
Ministry of Water Resources of the People’s Republic
of China. Standards for Classification and Gradation of
Soil Erosion: SL 190—2007[S]. Beijing: China Water
& Power Press, 2008.

E RN R AR B A SR L R B[] B A
#R,2017,72(1) :116-134.

Wang J F, Xu C D. Geodetector: Principle and pro-
spective J |. Acta Geographica Sinica, 2017, 72 (1)
116-134.

e, ST B IET InVEST BEAL By A% 1 e bR
X b e f= s Al 5 9Kl R e A LD 1L K b R 3R F 5
2022,29(5) :32-39.

Han J, Cui J F, Yang W, et al. Analysis of soil erosion
change and driving factors in low hilly areas based on
InVEST model[ J]. Research of Soil and Water Conser-
vation, 2022,29(5):32-39.

Wang H, Gao J B, Hou W ]J. Quantitative attribution
analysis of soil erosion in different geomorphological
types in karst areas: Based on the geodetector method
[J]. Journal of Geographical Sciences, 2019,29 (2):
271-286.

FEEIIE B R A S5 T R R R A X 2 R 4
R PP 5 o Pk 04 % L L) . 74 b A pRORR B R A
il AARBEIR ,2021,49(7) :95-104.

Du C Z, Yang Q K, Wang C M, et al. Comparison of
two soil erosion assessment and mapping methods in
typical sample areas of the Xizangan Plateau[ J]. Journal of
Northwest A&TF University: Natural Science Edition,

2021,49(7):95-104.





