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Abstract
fall, land use, topography and vegetation coverage data to combine Chinese Soil Loss Equation based on the general soil erosion model RU-
SLE. The loss equation was used to calculate soil erosion modulus from 1988 to 2013 in Yulin City, Shaanxi Province. The Markov transition
matrix was used to predict the soil erosion trends from 1988 to 2013, using GIS spatial analysis method to further explore relationship between
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In order to study the changes of soil erosion in the Loess Plateau Region after returning farmland to forest project, using the rain-

spatial variation of soil erosion intensity and topographic factors such as slope and land use type. The research showed that the soil erosion av-
erage module was generally smooth in Yulin City from 1988 to 2013 ,but there were jumpy inflection points in 2000 and 2001, the minimum val-
ue in 2000 and the maximum value in 2001. The soil erosion situation was improved significantly from 1988 to 2013 in Yulin City, the average
soil erosion was decreased from 4 368. 83 t/(km® - a) in 1988 to 2 345.97 / (km’
duced from 175.94x10° tons to 68. 96x10° tons. The city’ s slightly eroded area increased, and the percentage of other erosion levels shifted
to severe erosion was less than 1%. According to the Markov model, soil erosion in Yulin City will gradually decrease in the next 40 years, the

+a) in 2013, and the corresponding total soil loss was re-

area of slightly soil erosion will gradually increase, and the area of other erosion grades will continue to decrease.
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Fig.2 Coverage and management factors in Yulin City in 1988, 2000, 2013
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Fig.3 Soil and water conservation measures factors of Yulin City in 1988, 2000, 2013
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Table 1 Percentage of soil erosion intensity at various levels from 1988 to 2002
= {2 hERE T /3 I Percentage of erosion intensity//% 1B [ M it
Ye. ; s =S HE T Weam el Erosion rr;ndulus Rainfall erosivity
Micro-degree Mild Medium Strong Extremely strong Violent t/(km”-a) MJ + mm/(hm* +h)
1988 50.9 15.1 9.4 6.0 8.8 9.8 4 368. 83 2 055.26
2000 46.7 29.1 11.2 5.9 4.7 2.4 2 246. 56 439.55
2001 25.9 17.0 13.8 10.3 13.5 19.5 9 218.99 2 405. 39
2002 28.9 23.6 14.3 9.9 11.9 11.4 5 899.85 1 469. 49
Fz2 2005—2013 EZXHHIBFEMBEES L
Table 2 Percentage of soil erosion intensity at various levels from 2005 to 2013
PN {258 T 43 H Percentage of erosion intensity//% 2 B2 S
Year g =S FEE A Haam L Erosion modulus Rainfall erosivity
’ Micro-degree Mild Medium Strong Extremely strong Violent t/(km’-a) MJ + mm/ (hm® +h)
2005 43.5 29.6 11.9 6.8 5.6 2.6 2413.79 558. 89
2007 30.9 24.8 15.1 10. 6 11.4 7.2 4 577.39 1211.94
2010 41.6 32.4 13.4 6.5 4.4 1.7 2 136.29 825.54
2012 38.3 28.9 15.2 8.5 6.4 2.7 2 810.20 2345.11
2013 42.9 31.2 12.4 6.0 4.9 2.6 2 345.97 1790.23
1988—2013 AERERR (= 1l ) PR 22 F 4K . 2000,.2001 4F Y,

=B W AR Il B /D AR ORI B RCAE, 4 il D 439. 55,
2405.39 MJ-mm/(hm’-h), H 4 & 4F iy R 550 -
2350 MJ + mm/ (hm®+h) , 2002 4EF1 2007 4FAH HE, i 20421k
OS> T 4. 2% , 29 1 891. 25 km” s M5 ZUA b F 43 Ho Uk
BT 0.5%,49 22517 km® , FEFERIR I ARIT (4FE0) , (210l
SR 3 b ELA 25 e, JR AN [l DX R R SR R R (] 5

2.2 1988—2013 ERREBHEEEEN RIS 1w B
AN, 43 Ry O R ol A B i o B =2 5 42 ol A%
TREUR AR ZUR ih 7528, 1988 Fi 2000 4, 2000 F1 2013
AP A AR I R ] T SR B R B B B AR AT I A AT (R
3.4),

*R3 1988—2000 EAREBMHEERE

Table 3 Transposition of different erosion intensities from 1988 to 2000 %

1088 4 (i 2000 4E{Zh58 & Erosion intensity in 2000

Erosion miendity in 1998 HUE s i A oA R

Micro-degree Mild Medium Strong Extremely strong Violent
& Micro-degree 52.29 28.28 9.69 4.75 3.48 1.51
2 Mild 74.33 22.32 2.42 0.63 0.25 0.05
H1EE Medium 46. 66 41.76 7.56 2.57 1.22 0.23
5151 Strong 27.77 45.96 15.21 6.42 3.79 0.84
szl Extremely strong 17.67 34.62 23.55 11.34 9.37 3.45
1% Violent 12.10 16.52 22.89 18.04 17.79 12. 66
x4 20002013 FREEMGEEREE
Table 4 Transposition of different erosion intensities from 2000 to 2013 %

2000 4 {2 2013 4E{Zh58 & Erosion intensity in 2013

Erosion mendity n 2000 HUE e i A oA R

Micro-degree Mild Medium Strong Extremely strong Violent

% Micro-degree 78.75 18.76 1. 80 0.44 0.20 0.05
2 Mild 26. 88 57.98 12.55 2.06 0.47 0.06
H1EE Medium 8.71 48.99 31.71 7.87 2.44 0.28
5151 Strong 4.42 27.31 43.79 17.34 6.29 0.86
HeamZl Extremely strong 2.94 14.45 30.98 32.55 16.25 2.83
1% Violent 2.04 5.38 11.39 20.73 40.91 19.55

1988—2000 4F A [l f= il KL v (R G R BE R B A 1

Bl TURE 52.29% % 1E 22.32% 1 RE 7. 56% 58 EN 6. 42%
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2.3 1988—2013 F ARG LR ALBEESH  Hibkr
1988 ,2000 F1 2013 4= + b Fi| FHZERIAR P8 1:10 J7 +Ho %P5
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Table 5 Translocation of different land types from 1988 to 2000 %
P 2000 4+ #1257 Land type in 2000
1988 4F- 4~ i A 7Y . . e
Land type in 1998 Bt Mot 3 Kk AU e ILIEST
Cultivated land Forest land Grassland Waters Building land Unused land
Fhth Cultivated land 97.42 0.26 1.93 0.04 0.09 0.26
HH Forest land 1.44 95.78 2.50 0.02 0.03 0.23
Tl Grassland 1.90 0.94 96. 51 0.03 0.02 0. 60
JK I8k Waters 1.62 0.15 2.35 95. 11 0.03 0.75
#E4FHI# Building land 1.94 0.15 0.73 0.08 97.06 0.03
A F +# Unused land 0.70 0. 66 22.45 0.01 0.05 76.12
F 6 2000—2013 £ [E iR BEE
Table 6 Translocation of different land types from 2000 to 2013 %
— 2013 4+ #1254 Land type in 2013

2000 Hb ST -
Land type in 2000 B i Ry sk A KFFH 4

’ Cultivated land Forest land Grassland Waters Building land Unused land
#Hh Cultivated land 87.79 2.01 9.22 0.10 0.69 0.19
HH Forest land 3.17 92.39 1.99 0.05 0.78 1.63
Wl Grassland 5.28 0.94 91.74 0.07 0.99 0.98
JK i Waters 4.54 0.36 6.17 85.97 2.24 0.73
S Building land 17. 65 0.56 3.30 0.75 77.61 0.12
KA 43 Unused land 2.17 0.17 4.91 0.16 1.71 90. 88

2000—2013 4FAN[F) - M ST v, - R P 2SR R 7%
1% O B Hi 87. 79% Ak M 92. 39% , B Hh 91. 74% . /K 35§,
85.97% FEFHHL 77. 61% A F| FH -1 90. 88% , #f s &
SR 2. 01% , 50 1l %% Sl ARt 0. 94% , 7K 358 % ' hy A,
0.36% , F 50 FH b A% 5 Ry MRHE 0. 56% , 7 R F - Hib s 5 hy
H0.17%, % 6 535 #H, 2000—2013 4FHkH 254 7K
S ER AR b R - b RSOMRHB I 43 LB IR R
T+ 1988—2000 4, 32 W] 28 53 85 T 4F BURF K AH K AR B 1Y
TRIE, AT IR BEA I B A T AR SAL, K RS
BAR, A b TR
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2000 F1 2013 4F () IR RS IS, SR
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Table 7 Statistics of soil erosion under different slopes from 1988 to 2013
i3is A AL Soil erosion modulus//t/ (km? - a) Fafa i Total erosion amount//10° t
Slope gradient//° 1998 4f: 2000 4F: 2013 4F. 1998 4f: 2000 4F: 2013 4F
0~5 1249.76 411.07 616. 80 21.91 7.20 10. 69
>5~8 3564.84 1 496. 82 1308.31 35.72 15.00 12.55
>8~15 5679.12 2 846. 68 2 536.20 38.35 19.22 15.93
>15~20 7 724. 66 4 273. 06 4 444. 18 31.98 17. 69 16.75
>20~25 10 347.95 6 324.41 6 577.80 22.88 13.98 13.04
>25 14 759. 74 9 159. 60 9 547.35 25.10 15.58 14. 58
=8 1988—2013 FE Mtk LIER MR R E R IERE
Table 8 Area transfer matrix of soil erosion type in Yulin City from 1988 to 2013 km?
1988 42 3 i : A 2013 4E4ZhR J& Erosion intensity in 2013
Erosion intensity in 1988 . O ﬂﬁ_ EPE el iRz EIJEJ‘
Micro-degree Mild Medium Strong Extremely strong Violent
& Micro-degree 233 072.75 228 325.16 220 712.25 218 126. 34 217 660. 10 216 702.03
27 Mild 81 333.02 76 585.43 68 972.52 66 386. 61 65 920. 37 64 962. 30
1% Medium 57 359.70 52 612. 11 44 999. 20 42 413.29 41 947.05 40 988.99
5141 Strong 42 922.72 38 175.13 30 562.22 27 976.31 27 510.07 26 552.00
e Zl Extremely strong 54 813.01 50 065. 42 42 452.50 39 866. 60 39 400. 36 38 442.29
%1 Violent 58 352.39 53 604. 81 45991. 89 43 405. 98 42 939.74 41 981. 68
=9 1988—2013 Mtk LIER MR BB RIER
Table 9 Probability matrix of soil erosion intensity transfer in Yulin City from 1988 to 2013 %
1988 47423 i _ 2013 4E4Zl & Erosion intensity ili] 2013 A A
Erosion intensity in 1988 s ;3 hE il gl HES!
: Micro-degree Mild Medium Strong Extremely strong Violent
3 Micro-degree 51.30 31.79 10. 91 3.74 1.81 0.45
2 Mild 68.76 28.01 2.73 0.39 0.10 0.01
H1 & Medium 44. 65 43.87 9.35 1. 66 0.42 0.05
31 Strong 32.45 46. 00 16. 08 4.09 1.24 0.14
ezl Extremely strong 22.30 41.70 23.25 8.61 3.64 0.49
J#1Z1 Violent 13.91 26. 40 25. 81 16. 61 12.79 4.49
F10 2013 & HIEE MK R EIRE 5 bk TEREMBNE LB 2(0,-0,)°
Table 10 Comparison between actual and predicted values of soil ero- W=1- 3 (0.-0. ) 2 (12)

sion type area in 2013 %

Rk SEBRAH AR L 4] ot e e AR L ]
Erosion Area ratio of actual Area ratio of predicted
intensity value value

5 Micro-degree 42.95 50.23

2 Mild 31.22 16. 50

13 Medium 12.42 9.70

311 Strong 6.03 6.03

ezl Extremely strong 4.87 8.49

J#1%! Violent 2.51 9.05

BT S| ABTR0N Z 50 W 3 SRR IR
AR, X

X C12)H,Q, KPR LH; Q, H BN AR . W {ELIZ
Wl SEPR{E-S B M) A FREE , WOBEIT 100% , BERIAEAL
ORI o G5, WAE N 80% ., BRI AR T S bR il A5
S TR L TIIN AR et 25 2 1 AR, — B R4, R Eh /R
BHRASHLLAN TR 4 342 oh S AL A AT A7 o

HRHE 2000—2013 AR AN[A] (2 b5tk B2 52 AL AL (3% 4) A 7fe
3 ANRREARAS (R 11~13) , gl 25 ) 2000 4F5k2 , 22 5
14x3=42 4% {2 {5k E AL AL R 2 P ok WA Lok F, 5
2055 ATy ZAA , MUbR T fRURE AR i AR T 4 o AR RE R LA
IR B RS R R

R 11 2013—2027 £ AREEMEEELIER

Table 11 Transposition of different erosion levels from 2013 to 2027 %

2013 4 (b : 2027 4E{Zh5E E Erosion intensity in 2027

Erosion intensity in 2013 L3 B i S8R ez S

’ Micro-degree Mild Medium Strong Extremely strong Violent

% Micro-degree 67.24 26. 68 4.60 1.03 0.37 0.07
2 Mild 37.95 45.44 12.79 2.82 0.86 0.13
H1 Medium 23.21 48.09 20. 59 5.76 2.03 0.31
515 Strong 15. 60 43. 81 27.03 9.26 3.67 0.64
HeamZ Extremely strong 10. 87 35.50 31.30 14.27 6. 68 1.39
J#lZ1 Violent 6.56 21.71 28. 30 21.98 16. 26 5.19
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Table 12 Transposition of different erosion levels from 2027 to 2041 %

2027 44T i i 2041 4E{ZhiR i Erosion intensity in 2041

Erosion intensity in 2027 . o 4‘%;; LPE SN HsRAN EIJ?U‘

Micro-degree Mild Medium Strong Extremely strong Violent
& Micro-degree 56.62 32.88 7.87 1.87 0. 65 0.11
2 Mild 46.28 38.50 11.26 2.82 0.97 0.16
H1 Medium 39.78 41.26 13.74 3.67 1.32 0.22
3151 Strong 35.28 42.57 15.72 4.48 1.67 0.29
e Zl Extremely strong 31.09 43.01 17.83 5.50 2.18 0.41
J#IZ1 Violent 24.76 41.75 21.41 7.81 3.52 0.76
R 13 20412055 FREIEMBEFEBIER
Table 13 Transposition of different erosion levels from 2041 to 2055 %

2041 4 LR ___ _ 2055 E{%i’ﬂﬁifg Erosion intensity in 2055

Erosion intensity in 2041 . L¢3 %J}: FME SRAN sz }#IJ?'J

Micro-degree Mild Medium Strong Extremely strong Violent

5 Micro-degree 51.29 35.64 9.68 2.41 0.84 0.14
27 Mild 49. 84 36.37 10. 18 2.56 0.90 0.15
1 Medium 48.85 36. 86 10.53 2.67 0.94 0.16
5141 Strong 48.10 37.22 10. 80 2.75 0.97 0.17
HeamZU Extremely strong 47.31 37.58 11.08 2.85 1.01 0.17
%1 Violent 45.89 38.20 11.61 3.03 1.08 0.19
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