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The impact of vegetation changes on soil erosion in the Loess Plateau
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Abstract Soil erosion mainly occurs in the Loess Plateau region of China, and the implementation of large-
scale vegetation restoration measures further affects the soil erosion situation on the Loess Plateau. Analyzing
the impact of vegetation changes on soil erosion can provide theoretical guidance for the ecological environment
management of the Loess Plateau watershed. Based on the Chinese soil loss equation (CSLE) and multivariate
data, this study conducts a comprehensive analysis of vegetation coverage, soil erosion, and their interactions
on the Loess Plateau from 2000 to 2018. The results show that; () The vegetation coverage of the Loess Plat-
eau gradually decreases from southeast to northwest, and the vegetation coverage shows a stable upward trend
over 19 years, with significant improvement in large-scale vegetation; (2) The average soil erosion modulus on
the Loess Plateau from 2000 to 2018 was 2 526.27 t - (km® - a) ~', which was positively correlated with rain-

fall. The degree of erosion was strong in hills, plateaus, and undulating mountains; ) The area with vegeta-
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tion coverage ranging from 45% to 75% in the Loess Plateau has a strong degree of erosion. When the vegeta-

tion coverage increases by more than 40% , it directly causes the intensification of erosion. However, when the

vegetation coverage decreases or increases by no more than 30% , the change in rainfall is the dominant factor

for the intensification or weakening of erosion. This study can provide reference for the comprehensive preven-

tion and control of soil erosion and the improvement of ecological environment quality in the Loess Plateau wa-

tershed.
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1.1 #HERXHER

B e S AV T T I AR Y L D A
4 33.72° ~41.27°, K 4 100.90° ~ 114. 55° ( I,
1) R E R EZ —, BE R 63.5 x 101
R o =118 5= | = N e A a1 i
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2K, BRI AR 2 WA R . mE
AUBL TR BB KUK, T L 2 F 3 e 25 78 XUaly
RS THUIX. , AEFE K N 150 ~750 mm, ZK PG Z [A]
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Fig. 1 Geographical elevation map of the study area
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Tab.1 Source, year and purpose of the data

FERE AR He U Ay Fig
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B & SIbEI | G Bk R e A A 0 1995 e K
v B (DEM) Hh 3R [R5 = - LS
H—LHEBEFE 50 (NDVI)  NASA-LAADS DAAC 2000—2018 1 FVC
- M A 25 ST BRI AR S5 2000—2018 & B
6 23 1) 43 A [ KR R G RHF R hoL S5 S0k 16] 20002010 2015 2018 it E
H [ Al A DX R Hh R BE 9 TR IR BB B - HET

1.3 EEBEEEmItE

ST — A B B (NDVI) )8 B 1% , %
PG IC AR o 4 s R e s i R
B SRt 4324 43 b ) X AR 0k T 3 E AT
SHR(FE2) ARN

NDVI - NDVI_,

=Npvi, - Npvi, < 100% (1)
A FVC WM 36 1% s NDVI Sy 5 — {5
B NDVI, Rl NDVI 43531 #1556 Hh 2 14 At
R NDVI

FvC

K2 MGE SR

Tab.2 Classification of vegetation coverage

A 5 P S5 ) A 5 1/ %o
R <10
fi% 10 ~30
I 30 ~45
T 45 ~60
T 60 ~75
[ >75
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1.4 TEEMEHKITE

HF GIS Fidh [ 3 4 I #E (CSLE ), 3144
W AR T AR iR R, A SN

A=R-K-L-S-B-E-T (2)
XA B IR - (km® - a) TR A
REMIR S (M) - mm + (hm® - h-a) ' ];K A+
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T o i AR A BN AR .
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BT H R AL SRR R A ik g, Al
Rop =X (P 3)
Ry = zilRﬂéﬂi (4)
_ 18.177 . 24.455
B =0.8363 + Pt P, (5)
o = 21.586377 %! (6)
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#0) ,mm; P, Fon HEiHE 12 mm DL E3HFE
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# 3 A LR R A A P TN
Tab.3 B of different land use types

b G S B
At 0.000 1 ~0.003
JHE N BRI AR A S 0.01 ~0.15
Rt AU A k7 2 0.1~0.5
KR i T S kS -
it 1
B = MIN, + (MAX, - MIN,) x (1 -%) (8)

A MAX, FI MIN,, 4351 2R B B e R AE Fl
/MA
1.4.5 ITABEERT(E)

FET R A A o0 A L, AR (K i 2k 3 A
FEARFE ) H K O3 TR 5 7t PR 7 B e, B
SEI(EA 0.242, X T AR RS it N R 47 A ( DL
#24).

4 RS H TR G T
Tab.4 FE of different terraced fields

TR i A E FHME
TR H 0.084

. AR H 0. 121 0,240
Y=k H 0.414
P33 A58 FH 0.347

4.6 HEHERT(T)
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Tab.5 T of different agricultural maturity zones
— X4 RS T
o SRR 1 )1 7 3 45 M 2 B ) — AKX 0.272
B S B — S A X AL T 2 5 AR ) — SRR X 0.272
N N . 5 L L B L o T A — B 0.488
ALHb R JEp T B UK Be b i 4 T P - Bk T R B R — X 0.488
TSR AL T R 3Ry — X 0.417
N ) LR RUR TS SRR — X 0.417
ALTRAR R S5 50 Tl — X AR 5 A — PR X 0.417
LB AR 5 B R X 0.417
NI 111 6 b 2 A — AU 0.331
ST (R ) — UK 0.331
ZRACNE s 2 T R AR — X AT JE B R VR B X 0.331
LI J5 I T 11— AR X 0.331
AT ] P R T — ORI X 0.279
PG LT T S X HHE M — R X 0.281
AR BN B 0.281
ML KAT ILIFTT B B R — B 0.397
S K AT JRUK e S R — X 0.426
£ 7 A0 3 AU T SR K 8 AR AR T 28— 20 X 0.391
SIS Bk e R ik WR BRI =AU AR £ kX 0-425
TP P 4 T K e — X 0.413
VHTE A8 H K B i I R — B TR 0.378
G I 1 S B — UK B — B 0.392
FREL I X 54— K X 0.403
ISR A HG s B Ly b K FH 5 b R A — 20X 0.396
PR R T ok g O BUKEERIBRER A 0.410
25 TS JRK FH R — 3 X 0.425
UL 80 1 B L M T2 5 — A A X 0.429
n o VLT 5 2 R P = X 0.392
VLRI Fr b 22 e X R % FL b - EUK F A I = X 0.372
- PR T K 2 RE A 0.422
RIS =:L7 S e 2 S G T B MR LK FE S B 0.411
o o VTP JB I 7K FHL R 3 X 0.338
R A WP B 7K FH =2 X 9 940 - B B 7K P e =3 — X 0.312
T ] Fr g 110 /K FH b = 30 X 0.354
7R B 1L M 7K P S — 3 = X A I s L1 b K S — 3 = 20X 0.338
TELR LUt 52 K g = X 0.395
HEFI PR = B 0.466
1k YL g bk, = o e

AR LB R — A =X AR PSRN & T A SIS 0.459
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Tab.6 Grading of soil erosion degree

T HR R A/[te (km® - a) ']
WU <1 000
B 1 000 ~2 500
PR 2 500 ~5 000
R 5 000 ~8 000
&S 8 000 ~ 15 000
JZ > 15 000
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2.1 EX5FEERTK

2.1.1 B ) & A As B
B 4 R AR B B 5 R B 2000 4R () B AR
44.75% 3K Z 2018 4F 1Y 5% =5 E 60. 86% , 3 1
70

60

S 36% (UL 2) . 2000—2018 4F[H], ¥+ 5 i
DX AR RE A 7 o AR T AR A R AR B, (ELEAR
R E EFHREE (R =0.761) , 71
R R 0. 062/,
2.1.2 FaH5AHIE

B R R B B B S B Pl AR R i PR LA
B A Al As Jy [ DLIET 3 (a) ) o AR B 2 55 B
3 60% 11 DX 35, 181 4 b 41, 92% , T B4 A AE B
AR 7 1 B B S Lk SR AT L kA, i
A 3G Bt A 75 ARl v v DA G A, K
Hi X 3 B b AR Bt AR 4 A AR T AR
T 30% By X w0 AR G b 21.22% , FEAEREE
Ly R VDRI AR VD S 1, Foh AR 55 AR
T 10% 1y XS AR 5 FUACR 3. 14% , KZ 53 A6 TE
T R e TE R

y=0.006 2x+0.465 1
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Fig.2 Changes in vegetation coverage on the Loess Plateau
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Fig.3 Spatial distribution and variation characteristics of vegetation coverage on the Loess Plateau
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B 4 5 i 2000—2018 AF A 4 2 55 B 1 A5 b
Ry —0.044 1/a ~0.046 8/a( WLIE 3 (b)), H
Hh R B B T R S IR R A X AR
87.24% . JE %1 B A e JEAE B 7 56 AR b
AT BT AR B W 3(e) ),
Hn ) X R AR b 62. 57 % , 43 A AE EE A R
HR b DX T D DX R AN b
3.38% , /A FE B VY RE I T U KT g AR A
WIEE . 274 LA 43 Hr,2000—2018 4F 5 4 5 it
TR e

2.2 EiIFFELESMMNTTH
2.2.1 wFlE E A4 A

2000—2018 415 + 5y Jit 38 4 Tl B 5
P ARG (W 7) U (R sk iy T AR e R (o
Fb 70% 2247 ) , 5 B M DL b AR Pl i AR /N (b
10% /2 47) o {H 2010—2018 4% bifi 75 i RN & 1) 3
I, S AR AN B A AR AL, ph O AT DA T, 7R
IO PR A i B B I — e R 2R T A
(SN

T B AR ] 1A A AR

Tab.7 Temporal variation characteristics of soil erosion in the Loess Plateau

A

AT AR e S 2 T AR i L/ %

i ., BETE/mm

/L G ) 7' WE R RE ME REE RIA
2000 2 346.27 355. 06 67.13 13.22 8.33 4.01 3.61 3.70
2010 2 996. 55 411.24 64. 87 13.75 8.53 3.97 3.86 5.02
2015 1 680. 34 298. 48 73.74 12.28 6.01 2.77 2.86 2.35
2018 3 036. 16 481.37 64. 67 13.82 8.70 4.25 3.79 4.76

2.2.2 FA A HAE

2000—2018 4F 1 4 5 J5t 1 24 4 B8 4 ol 15 4K
H92526.27 t - (km® - a) "' f2ph ik 158,24
x 107 t( L 8) o HRE K LA R 2 b ifi AL Lb i ik
88.23% , {H - HE {7 ph & H [ 8 R Ml
26.50% ;s AHELZ T, 5 BE R D B AR A o T AR
1 11.77% , {5 £ HE 12 pl i #5564 bl i
73.50% o DA ES5HIRWT, A R Rk X A 7K
o1 N 11 10 3 e

AN M SRS T )+ R I DA E W B 22

VRN B o6 4 — 7, i T -3 H
T B, DN SRR BRI 469. 56 t -
(km® = a) =", S HUEE R s 65 3 FE B DX T 8
b DR PRI T 2 HAR WO S AR XA, B
AR I e it , - SRAR AR o3 031 2 753. 22
12 875. 11 t - (km® - a) ~' kB R0 /N E
IR B A 8 %, S EUK LR, &
HERMBEGAF] 3 630. 44 ¢ - (km® - a) 7' 2
AR L AN AR L PR3 B2 8RN 3 B, L
WA o BE AR R 5 vy, BT DA L 3R A A 580 3l

(WLIE 4. 9) o VI XA T8 5 R pEdbds . 2 660.85H12 043.50 t - (km® - a) ™',
8 AR LIRS R
Tab.8  Distribution of soil erosion to different degrees
M 413 307 65.25 8.36 5.28 204
U=diS 92 889 14. 67 15.06 9.52 1 624
g 52 642 8.31 18.52 11.70 3522
TR 23 923 3.78 15. 09 9.54 6315
o 24 210 3.82 26. 56 16.78 10 984
Jalz 26 425 4.17 74. 65 47.17 28 857
it 633 396 100. 00 158. 24 100.00 2526
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Fig.4 Distribution of soil erosion in the Loess Plateau
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Tab.9 Distribution of soil erosion under different terrains and landforms
A AN [ 42 ol 28 2 i AR 5 L A9 %
iU H SR Sy B
[Vo-km™ea) 7] Y i s mamE R
S JE 469. 56 93.72 3.09 1.35 0.59 0.63 0.63
S 2875.11 63. 62 14.98 8. 44 3.88 4.20 4.89
B 2753.22 60. 60 16. 14 9.47 4.55 4. 69 4.55
AR L 3 630. 44 47.71 22.42 12.50 5.62 5.74 6.01
HRAR L 2 660. 85 62.90 16.19 9.26 3.75 3.49 4.40
TR 1Lt 2 043. 50 69.72 15. 88 7.19 2.70 1.88 2.63
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2.3 HEETUITLEFEMEZNE
2.3.1 BB ARRITAAR T ALY 6 R
B e i A SR PR T AN [ R A G R S
P FCIUANIG] , B 1 7 5 1) 348 in 2 B S 4 )
PR AERRIE (L35 10) o FEBEHE 55 FE AR T 30% 1)
DI B L A FE VAL TR A VD b TR E X, 3434
TS BIRE T 55, D - AR AR RN 5 Rl 7 T
JER 45% ~T5% B DX I8 32 22 00 A 16 B8 4 5 i AR
T IS VA A 1 1) A b R i b, 32 W K A
%10

S AR B B, S S AR TR A v 5 AR R
IR 75% 1 X8, B TR %, R R
BERAPTILEE ST, AR R S . AR E
TR 555 R 45% ~T5% W, 58 B S DA b iR 4=
WAL A, k%) 11.61% ~22.76% , + 3 {3
TS 2 192 ~4 810 t - (km® - a) =" ;1 444
B EACT 10% i), 58 3 KX DL B Rl L H
1R 0.24% ~2.37% , + HEZ P E LAY Oy 231
~591 ¢t - (km2 -a) -

AT e i B ) SRl 15 £

Tab. 10 Soil erosion of different vegetation coverage

L T A IR Rk S TR o L ) %
B UG T gy R mE BSRE R
2000 230. 53 94. 47 4.36 0.94 0.15 0.06 0.02

2010 255.47 94.75 3.88 1. 03 0.20 0.10 0.03

BRER 2015 245.09 94. 85 3.53 1.18 0.29 0.12 0.03
2018 590. 58 87.08 7.03 3.52 1.44 0. 67 0.25

2000 1 304.26 73.14 13.28 7.26 3.02 2.07 1.22

2010 563.77 86.57 8.35 3.24 0.97 0.61 0.26

e 2015 430. 33 88.93 7.60 2.35 0. 65 0.37 0.10
2018 660. 42 85.93 7.97 3.76 1.26 0.75 0.33

2000 3373.90 50.92 17.97 12.90 6.79 6.17 5.25

2010 2323.97 58.98 18. 11 11. 03 4.98 4.07 2.83

EAS 2015 1512.60 67.49 16. 68 8.38 3.35 2.87 1.23
2018 1193.77 76. 85 11.37 6.33 2.65 1. 80 0.99

2000 3575.27 56.76 15.29 10. 64 5.51 5.43 6.38

2010 4 681.36 44.04 18. 88 14.32 7.29 7.18 8.29

I 2015 2 191. 58 60. 11 18. 17 10. 11 4.53 4.46 2.62
2018 3154.29 56. 95 17.31 11. 07 5.44 4.75 4.47

2000 3333.05 60. 15 14. 87 9.94 4.56 4.53 5.95

2010 4 810. 08 50. 96 17.57 11.71 5.42 5. 69 8.65

i 2015 2 681.02 61.93 16. 39 8.41 4.28 4.71 4.23
2018 4 747.26 51.02 16.71 11. 89 6.52 6. 05 7.81

2000 1 790. 85 79. 66 8.31 4.54 2.22 2.17 3.10

N 2010 3 018. 81 73.85 9.96 5.31 2.55 2.83 5.50
" 2015 1 942.50 79. 14 8.26 3.94 2.25 2.81 3.60
2018 3 057.52 68. 38 12. 53 7.31 3.28 3.15 5.35
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2.3.2 MR AT EIEAZIRGGF R

TR MUE 2R R KRG AE MR, e AT
SCHYSEFEH B R B T - AR U
U, DARE R AR A A — BOMTTHE 5514, o3 B i AR
fexf + R g sz (WL ER 11 & 5) . 2000—
2018 4 (8], 24 # 1 =y SRR 4 7 5 1 i 40% LA I
I, g e A R AT AR 5 M B i AT g
0 ~30% , HR# M A2 7E - 200 ~ 100 mm 2 [i]
B, A Pl AR P Ol 55 5 Y A T ik 2D 200 mm )

B m 100 mm DL _E RV X8 P - 24 R
B 5 B Rt A B+ R LR R B R
Hahne Z8 ERTIR AR AR A6 A I AR ) 5 e 2
TR R, YR B 55 B TR i 40% B
3 A% R T g om0 5 T > A 7 R D B
BEIASE AT 30% B, A 4 A8 Ak % = AR i 19 52 i)
/N BT AL AT A ARl ) 5 0 2 b g A
S 55 W] TR A R R AN R R B A AR AR r 5 |
A

A1 RO A AN AR A A P S AR Tt ) B )

Tab. 11 The impact of changes in vegetation coverage to different degrees on soil erosion

R VR e L YR T BRI ik PR T BRI ik
AL /[te (km® - a) '] AR AR A /[t (km® - a) ']

£ 530. 61

0% ~10% 205. 06

I 10% ~20% —967.22

P/ 200 mm L 14T 6. 41% 303. 07 i 20% ~30% 399.73

1 30% ~40% 2 000. 41

T 40% ~50% 3092. 49

1 50% L | 4771.37

314 —265.33

B 0% ~10% —446. 44

I 10% ~20% -1659.51

B/ 100 ~200 mm 14T 13. 65% ~1073.68 S 20% ~30% ~2202.82

1 30% ~40% -1211.71

4 40% ~50% 2 491.43

a1 50% L 4202.29

£ —657. 46

W 0% ~10% -954. 08

I 10% ~20% —-1724.91
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