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Analysis of spatial and temporal changes in soil erosion in Henan province over the last ten years
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(1.School of Earth Science and Technology, Zhengzhou University, Zhengzhou 450001, China; 2.School of

Water Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: This study systematically analyzed the spatial and temporal changes in soil erosion over the past 10 years in Henan
province, using the RUSLE model, to quantitatively evaluate the soil erosion status and achieve high-quality agricultural
development there. The possible factors driving soil erosion were discussed with a method using geographic detectors. The
results show that soil erosion in Henan province was dominated by “slight erosion” over more than 95% of the province and that
this increased year by year from 2008 to 2018. The area of “light erosion” decreased year by year while the area of “moderate
and above erosion” showed no obvious change trend. The soil erosion situation in the western, southwestern, and southern
regions of Henan province improved significantly in recent years, while the soil erosion modulus in the northwestern and
northern Yellow River basins has remained relatively high. The slope is the main factor affecting soil erosion due to its strong
interpretation of and interaction with the former. This research can provide a scientific basis for the formulation of ecological

governance and environmental protection policies to promote green and healthy development of the Yellow River Basin.
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Fig.1 Administrative division and digital elevation model of Henan province

1.2 BIEFRIR
SCH T F R T R AR AT X R BRI #HE (2008, 2013, 2018) . ETM+ TR 18 AR
By e (DEM) Bin. MRS AU A3 8 . b B S B S S 5 B
Chttp://data.cma.cn) A B AU SR H MBS s IR O, AALRSE) SRUE T k&
AL (http://westde.westgis.ac.cn) et T-HH 7 L3908l e 1) b B 3 EeR AR (vLD”,
7 AT R AR X 4t . DEM 90m 43 7% 3 [0 e R A ET M+ T2 RE IR FUAGOR U T 1 24 4% (8] 03 =~
£ Chttp://www.gscloud.cn) 5 SRS A B SRR T [ ) 2% Bt BRI A B 50 ot
Chttp:/iwww.resdc.cn) o &N FFE R AL bR R A N -0 BAS TR AR R, MM B o R g —
A 90m*90m.
1.3 RUSLE #&#Y
RUSLE A 785> % i 1 sgii LIRER M 2T, WEAR. A0 2 LR E M R S 4L &
PESE ) B B R R TT &R, BAT 2R FEARA XA N:
A=ZR*K*L*S*C*p )
A, A AERNHEA R RS, AN thm2 al; R YRR M AR T K Nyt iEal 2
PER 5 LoABKET: S RIWERT; C HEMESMERET: P A/K LR FEEE 7M., RUSLE
RIS o 11558 R B8 AR X 338 48 et B AT o VAN
FERRMANEF (R) : BEiiEd T RIgg A7 51 RoK 112k, AT RIBE Tk i H R R 2 —,
AR LT H P30 e o S AN 35 B I 2 45080 1 Wischmeier 2 ST B R R 10 195D, A
T
12 (1519 2100

R=Y1.7% x10 ' (2

1



Arb, RVEREMRM, #4225 MImmha?h?t; Pio P23alh 3P, S FRERE (mm) .
TIRATMEREF (KD - Esgen] bk R Sk 7 3% B S PIAG PR SO T R 3R IR KRBT RE 0o [R]55 551
N KAEBOR, 3t i AT REPEROEOR . AR FUIRYE A S 4R A Williams S57E EPIC A5 74 14]
T th SR, TR U AL R 3 A LT AT KAE TS Bt 5 A 0N

SI
~0.0256 x84 x (1-——

) s, 0.25C 0.7S,
K={02 +03 xe 100 1 ( _ SR

)x (1.0 - )% (1.0 -
C,+5, C e’ S +e

H, Sn=1-S¢/100; So NRMRIETE (%) 5 SiFRLEE (%) 5 COKRIEE (%) 5 C AR
w2 (%) .

WREF (LS) : LK 7 BN S R v AE R, LR RMNaI /I 7. £ RUSLE FAL
WK L Wy 53802 S W&t LS MBR 7T iR, B A A# 5 T2 T A RS X
AR/ DX AR S DN RS X A 2R o i P LA T S S AT 7B AEDS), R SOR A S8 DY IR T 3R kol A 5k
MeH5E LS Ay, i T

(3)

-5.51+22.95

(10 .8sin & + 0.03,6 < 5°

(2] |

LS =| —— | x4{16.8sin 8 - 0.5,5°<#H <10°
(22 .1)

{21.9sin 0-0.9, 0=>10°

(4)

(0.5, 8 >5°

0.4,3°< 0 <£5°
m =
|0.3,l° <f <L3°

0.2, g<1°

AP A I, 6 AR, m OB R EL.

EHBEMEERTF (C) : MR SEHRET (0<C<1) /W 7R o0 3R ik,
NTCENH, HAE R A A AE DR B/ E AT/ . C PR BB 5 Sl e A7 o 25, ATt
H— AR NDVI R FIR A 5 ¢ tHE AT

NDVI - NDVI
c= (5)
NDVI __ - NDVI

min

C NP5 R SRS B IE R, 8% 7 2 ¢ fH1E 0-0.1 Z [ FHE (C>1) IHI,
= (6) fian:

(1,0 < ¢ < 9.6%
C = J 0.6508 — 0.3436 ,9.6% < c < 78.3% (6)
to,c > 78 .3%

KEFRIFEF (P) KELRFHEE T P (0<P<D) , HAEB/MCFK LARFRRE R, T332 0A
Gy BT P BFRME 3 2 SE B R RS S AR e, AXSIE T R EL AT 537 08
AN SEOVR AR T FT, 0 AN ] 3R 2823 XA A )35 B2 Bt 20 ol 4% 3R 1 R 2 BEATIREL .
#*1 FRTHFIALERPE
Table 1 P value of different land use types
) 2R bl b K3, Je B b B AT H
Land use types Woodland  Grass Water Residential Building land  Unused land




land

*2 TEIEEHM P E
Table 2 P value of cultivated land on different slopes

Wl P
Slope

0-5 0.100
5-10 0.221
10-15 0.305
15-20 0.575
20-25 0.705
>25 0.800
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Table 3 Types of interaction between two covariates

Hdh SEHAEH

Criterion Interaction
q(X1NX2) < Min(q(X1), q(X2)) LR PRI
Min(q(X1), q(X2))< q(X1NX2) <Max(q(X1), q(X2)) SN (2 R
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Fig.2 Distribution of rainfall erosivity factors in Henan province from 2008 to 2018
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Fig.3 Distribution of soil erodibility factors in Henan province
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Fig.4 Distribution of topographic factors in Henan province
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Fig.5 Distribution of cover and management factors in Henan province from 2008 to 2018
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Fig.6 Distribution of soil and water conservation factors in Henan province from 2008 to 2018
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Fig.7 Distribution of soil erosion modulus in Henan province from 2008 to 2018
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HRAE [ Z /KRB 2008 4 & A7 ) SL190-207 334207 2873 Rbrife) PUIF45 G i g 48 L3R
SEBRIPAGIE BT TTIX LR R BEHEAT 70 2% PR IS 0~500 tkm2 at X7 AR X, F
254 500~2500 tkm2 &t X/ AR R IX . PR AL 2500 tkm? at Bh B XIRGE KI5 N
R R UL BARIX . 3R 4 R T & RR X AR S .

4 20082018 FFiAIRE I E LIER MMF R EAREL A
Table 4 Proportion of area of different soil erosion levels in Henan province from 2008 to 2018

R AR 2008 2013 2018
Erosion level

THBEAR /% 95.53 96.45 97.14
R I% 2.81 251 1.04

B I UL AR % 1.66 1.05 1.81
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X R B AT IX, F A A7 b IR T RS, MBI 7 nfDUE P X N R e R,
5 T LA ARk X S AR o R P b S A SRR, 2 AR BRI A K

Nof B ARy AR 0 2R IR AT B N4 M 4531 2008—2013. 2013—2018 4 PN B ) 342 5
R (K5, k6. K8 .

5 R 20082013 FFHIRIR MR ERETS R

Table 5 Transfer matrix of soil erosion intensity in Henan province from 2008 to 2013

2008 4 3 5 T Y 2013 LI HAR (km?)
Soil erosion area in 2008 Soil erosion area in 2013
W B R LA
Slight Mild Moderate and above
T 158496.04 225.40 17.61
LS 2324.77 840.99 0.87
&AL 295.03 118.21 55.93

7 6 JAIEE 2013—2018 S HIER IR EILTE5E[E

Table 6 Transfer matrix of soil erosion intensity in Henan province from 2013 to 2018

2013 4F LI R A 2018 A LI Z PRI (km?2)
Soil erosion area in 2013 Soil erosion area in 2018
THEE L g Kbl
Slight Mild Moderate and above
THRE 160230.19 737.79 58.27
BRRE 887.15 248.82 47.83
R R AL 57.23 2.19 14.97

I+

(a) 2008-20134F (b) 2013-20184F

[ e [ Rl
i ) b 0 350 km

AR JELL bR

R - * " L 1 I I I )

re-ppzen k([ e o ren e
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Fig.8 Dynamic transfer map of soil erosion
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JEsG N 7 RER A, AR 7 SRR R i N S A TP AR G SRR, AR E
FEARHS A LI AN R3S, BB BIUAC X Ll oy 32, RIS 32034 i K i s A AN PR 5
RN R 2R LRI, 8 B FEROR

2013—2018 “Fii B4 3L A 946.57 km? Hi[X + 4R PsR LU, 843.89 km2 ML X AR PSR IR, 5
BB B, RO SRI RN . X AR T 2018 AR R A FE R E B RN, KR .
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BRI 78 45 SR IR 147 1 T R 48 3B AR D I 2 AR AP, A B BRI 4%, 43 T R IR I
XEN AT

i PRGN 5 o R PRI s 45 R 3R 7 P, ASTRISENE B 0 L agAR phoam B R I A B R
FEFP 3 R 1> = R S R R 7> 3 35 S8 R R > 481 25 o R > VAR Rl > R B s P R 7
L gk P ot AR ok B B (AR D dR i, TRk 39.63%, T DL AR REMAA] e 44 TR AR D 3 B R
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Table 7 The g value and p value of influencing factors of soil erosion

A1 FErRERE O LA 7 55 E LHUFIFISER SRR R

Factor Average annual  Slope Vegetation Land use type Landform type Altitude
rainfall coverage

q 8 0.0449 0.3963 0.0031 0.1127 0.0541 0.0143

pfH 0.0000 0.0000 0.0388 0.00000 0.0000 0.0000

MRYEAZ BRI G EE R (3R 8) AN [R5 PR 738 1o 52 TA P Otk 39845 = 1) 31 4 AR gz KT . )
To WESHEH TR LA AR R TRARE TR EAER, b5 R SR b A A2
WEEHIR T, Wik 57.14%, MR TR RRE AR teAh, AR RS e T R & e A
RKIG 58 7 LR 70 AR AR R 77, el & SO 7 IR, p BB, Wil T e
AL ARBUR A DX A e BN SR A AR ¥, SR PR ) 5 LA P 4] - 3 AR b i A 2

*8 TIRRMTMEARZE(EMAT o (&

Table 8 The g values of dominant interactions between soil erosion influencing factor

RN E B T 78 5 LTHRIFHZRAE HhgRSRE R
Average annual  Slope Vegetation Land use type Landform type Altitude
rainfall coverage
PR 0. 0449 0. 4988 0. 0672 0.1533 0.1197 0. 0616
Wi 0. 3963 0. 4235 0.5714 0. 4269 0. 4035
HE 4 78 5 0.0031 0.1247 0.0827 0. 0195

) A 2 0.1127 0. 1587 0.1276
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Table 9 High risk areas of soil erosion and its mean value of each influencing factor

EPREREE BUE T8 5 ) TR MR %
Average annual  Slope Vegetation Land use type Landform type Altitude
rainfall coverage
o AR X 11249~12325 >35° 0~0.3 AR NSNS >1500
P R 1849, 12 4498. 62 1854. 61 1720. 24 1792.55 2486. 44
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