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Spatial and Temporal Variability and Driving Factors of Soil

Erosion in Hilly Areas of Southeast China
—A Case Study of Zhangjiajie City, Hunan Province
Xu Liuyang, Guo Weiling, Jia Ji’ang
(School of Spatial Information and Surveying Engineering ,
Anhui University of Science and Technology » Huainan» Anhui 232001, China)

Abstract: [ Objective] The status and spatial distribution of soil erosion in hilly areas were determined in
order to provide a theoretical basis for limiting local soil erosion and improving soil conservation practices.
[ Methods] The study was conducted at Zhangjiajie City, Hunan Province in the hilly area of Southeast
China. The revised universal soil loss equation (RUSLE) and geoprobe were used to to determine the spatial
and temporal changes of soil erosion characteristics and to determine the driving factors of soil erosion.
[Results] O Average soil erosion values at Zhangjiajie City in 2000, 2010, and 2020 were 1.03 X107, 2.05X10",
and 6.74 X 10° t/a. Average soil erosion over the 20-yr study period initially increased and then decreased. @ Soil
erosion was dominated by forest erosion. Other land feature types showed different degrees of erosion, in
which erosion was mainly concentrated in the 8°—35° slope area. Erosion intensity increased with increasing
slope. @ Soil erosion in the study area was affected by vegetation cover, slope, soil properties, and elevation.
The most obvious factor affecting erosion was vegetation cover. The strongest interaction factor influencing
erosion was found to be between slope and vegetation cover. [ Conclusion] The distribution of soil erosion at
Zhangjiajie City had obvious spatial and temporal differences. Soil and water conservation should be carried out
reasonably on the premise of ensuring ecological security in the future.

Keywords: soil erosion; RUSLE; geodetector; spatial and temporal analysis; Zhangjiajie City, Hunan Province
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Fig.1 Topographic map of Zhangjiajie City
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Table 1 Soil and water conservation factor (P) value for different land types
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Fig.2 Schematic diagram of each erosion factor at Zhangjiajie City
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Table 2 A two-factor interaction

I WA A LHAEH
¢(X: NX)<<minlg(X,)q(X,)] 4 M 55
A XD 4 s
¢(X1 N X2)>max(q(X)g(X,)] WA T 3
¢(X\NXD)=qg(X)+q(X) S
¢(X, N XD >q(X ) +q(X,) e e 1 3

ARCHEE T AR O AR, DL R
CON-T IR I ICON LT I AC.CPN T

(X5) MRS (X O AR P AE &, sk R AT £+
B ESHE T, He BRI ST 2 100
Ji A N RS S ) Lk 23 2 i R R R
0°~5°,5°~8°,8°~15%,15°~25,25°~35°, =354} I,
6 2 M W 75 B i 1 <70.3,0.3~0.4,0.4~0.5,0.5~
0.6,0.6~0.7,0.7~0.8,0.8~0.9,0.9~1 4% 8 2&; &
TR R o I 2 R |9 AR T 07 43 9 28 5 b AR ] 2R A
Fie HEAF b ARH | 7 b0 b | KA N i 3R RN RR M S
IR 6 AN —H KRR E AT R 1 km X1 km (1)
WF5EHTT s LU ASIF 58 5070 0 Ry SR AR 05, X F &4
e P HS A AT IR

1.2.4  E3EAZ4R0R R KRG [ KR S5 A A 1Y
(3R 4> G A 2 bR o ) (SL190—2007) L LA + 3242 1nh
BBCR L K BIF 5 DX 38k 4 18 4= ok S5 R R 43 R 6 4 55
P AR 1 km® RIERME/NT 200 ¢ R
Bt 0~200 t/(km? « a), B E Rl 200 ~2 500
t/(km? « a), FEEM 2 500~5 000 t/(km?® * a), 5%
JE{Z 5 000~8 000 t/(km? « a) , B 58 B 424k 8 000
~15 000 t/(km* « a), BZUZ M =>15 000 t/(km” « a),

2 g5 aPr

2.1 KHRFAHLIEE M ZELEE
TEAS AT B A SRR R A5 sk 5 7 LR
23 (6] 3 A3 [ (8T 3) o 2000 AF5K K AT 4R ph B oA



222 K 1 PR 4 i

5 44

1.03X 10" t/a, TR MAECN 1 091.99 t/(km” « ),
J& T R 52010 AF - R PR 2 2.05 X107 t/a,
TR AR 2 167.58 t/(km® - ), B TR E R
52020 4F H 3R b B N 6.74 X 10° t/a, R HER Il
KR 712.13 t/(km? » a), B T fUF = ith, %1k 2
RGN E R, R 3 B, kK AT
2000 1 2010 4F F 2 DL AR B F R B2 ol o 32, &%
TR 5 EE 2 A 46.65%,36.57 % Fl 35.19%,33.31%,
TE 2020 A4 15 BE A 2B wOAE , 322 DASOBE 1R h oy

a 20004

TEemEg CIMERM CORERmn OO hERen Bl sREem Bl RsEEes 2R

AR ol 72,57 %, sk - R U X 2010 4F
HEWHBIH ., WK A, 20002010 4EAF 5% X
R E MR b TR DU R R R L
DL R BER R R B . B 2010—2020 4FEAR
G B8 T BROWE 52 ol T R K M B R AR B, L LR R
JEE A ok i R T AR R A L R 20 Oh 16,89 %0 . TE
{5 o TR BRI, L2 A R il AR A DA AR R AR
BN R P BUE R IITEIX 10 a [8], 4 342 Pl 1 4
AEWRIFR,

c 20204

0 20 40km

. E—

3 KES 2000—2020 FLEEMBEEERSH
Fig.3 Distribution of soil erosion intensity levels at Zhangjiajie City from 2000 to 2020
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Table 3  Soil erosion area and proportion of each erosion intensity class at Zhangjiajie City from 2010 to 2020

o i F1/km? Bl ¥
2000 4 2010 4 2020 4 2000 4 2010 4F 2020 4
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Table 4 Soil erosion in different districts (counties) of Zhangjiajie City
2000 4F 2010 4F 2020 4F
b X T MR RERHD EEM REEEME/ RERHD CEM RERME/ RERH EEMm
10't=a ') HEBFEB % Q0't-a')  HEFBFS B % (10't=a™ ') HBES B/ %
TKE X 193.10 50.14 392.66 76.63 127.08 25.18
BB X 31.82 37.20 120.43 90.23 22.18 17.10
2R B 358.81 57.88 482.76 70.94 228.62 31.12
FHEH 449.49 52.63 1 055.45 85.69 296.07 26.31
x5 HKRF 2000—2020 FEEHBEETMREBER
Table S Area transfer matrix for different erosion intensities at Zhangjiajie City from 2000 to 2020 km*
1y : 2010 TR & i
Tl 4= ik 82 1 {2 B4R il SR 42l M i BE =kt JE B ok
TR BE 2 1k 763.36 1424.32 12 501.38 645.84 314.39 15.73 4 415.02
x  REERM 122110 2 199.47 41.08 0.00 0.00 0.00 3 461.65
B R R 47.76 719.82 432.44 72.51 0.71 0.00 1273.24
Hé a5 21 B 2k 9.94 49.08 96.95 81.32 40.91 0.00 278.21
§ R 5t Z1 5 ik 2.12 2.40 5.23 7.66 15.08 2.78 35.27
il 5t Z 42 ok 0.02 0.01 0.00 0.01 0.04 0.16 0.23
At 2 043.30 4 395.10 1.827.08 807.33 371.13 18.68 9 463.62
4y : 2020 FER & it
TR 42 ok B2 {2 B4R SR 42k R i BE A5k JE B4R ot
Tl i 12 ol 1 040.39 899.55 75.71 17.79 9.39 1.04 2 043.88
x REERM 303546 651.76 557.98 129.55 21.59 0.33 4 396.67
E dREERM 1676.35 3.32 50.12 71.65 24.44 0.50 1 826.38
Hé_ a5 21 B 42 754.54 0.13 2.14 25.86 23.38 0.76 806.81
S MR 343.83 0.01 0.03 1.49 22.94 2.92 371.22
il 5t 245 ok 16.20 0.00 0.00 0.001 0.28 2.19 18.68
& it 6 866.78 1554.77 685.98 246.35 102.01 7.74 9 463.62
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Fig.4 Soil erosion modulus to area ratio for different

feature types at Zhangjiajie City
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Table 6 Soil erosion on different slopes of Zhangjiajie City
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Table 7 Driver detection results of Zhangjiajie City
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Fig.5 Results of two-factor interaction probes at Zhangjiajie City
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