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Estimation of soil erosion based on the RUSLE model in China
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Abstract; The revised universal soil loss equation (RUSLE) is an empirical model to predict water erosion (soil erosion) ;
however, the model calculation has limitations at large scale. We calibrated the rainfall erosivity factor (R factor) based on
climate zones and the cover-management factor ( C factor) based on land-cover types and agricultural crops. The support
practice factor ( P factor) was also revised based on crop types and land slope. Using the RUSLE, we estimated the annual
soil erosion reference values in China in 2000, 2005, 2010 and 2015. The results indicate that; (1) in 2015, the hotspots
with major erosion rates are predicted to occur in downstream Yangize River, Yunnan-Guizhou Plateau, Loess Plateau, and
the foothill area of Kunlun Mountains, accounting for 9.65% of the statistical area. (2) The hotspots with a rapid increase
of erosion during the study period are located in the arable area of Xinjiang, Sichuan Basin, southeastern Yunnan-Guizhou
Plateau, Yangize Plain and Northeast Plain, which cover 10.36x10* km®. (3) The erosion areas with a significant decrease
are distributed in the southern and eastern Loess Plateau, Qinling Mountains and Southeast coast of China. These regions
cover an area of 13.60x 10* km’. By calibrating the parameters of RUSLE model, this study obtained the spatial and
temporal differentiation rules of soil water erosion at a national scale, which could provide a basis for formulating soil

restoration measures in different regions.
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Department of Agriculture, USDA) & (38 F 433 2 7772 (universal soil loss equation, USLE ) & 1F R 138
IR TTFE (revised universal soil loss equation, RUSLE) L B AR RO | R EER ph b i MR
PRGN A R ST B 3153 00 05 TRl T A4 DR (2 i it i) 38821 . 5 A USLE
RUSLE #5845 T A A8 g A A= ol ¥ ot 5 78 /N DX SR N A 26 AR 22 it 5 0 1 R gt Bl R R
FERBRFE A R /b e A A S R USLE SRS 1k B 88 - B0 K ol 45 1 o+ i R4k
WM 2000 4ERY 3362 t/km* B T 2008 4EHY 2405 t/km? ;3844 Hifth~% 3 F ] USLE B RUSLE 475 {44
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Table 1 Basic data

Bl 4 B Lic52 Li:5:v He I
Data Resolution Format Source
DEM ; 37 P25 Digital Elevation Model 30 m grid 5 ] R B
19$l_2015 TR 13 R txt oSG B0HE  (https : // data.cma.cn)
Rainfall data
ND VI H [ 4 B2 A Bl 5L Lk . rh R 2 B B R B 5 B 2 HE PO (hup s/

. . m tff
Normalized Vegetation Index www.resde.cn)
1992—2015 4F LB @RI 300 m Giff R K J=)
Landcover
RSB Soli type 250 m tiff R 3 2 AR Bl
v R AR Bdhe .
(A AR RIS ) Agricultural data o AR
o EATBUX R B R | 1800 F N rh R 2 B B R B 8 B 2 HE o0 (hup//

: shp

National administrative boundary www.resde.cn)
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Bk SR FIRL R ERLFNA HLER P P i S, PR AR I B A s s . KB NDVIL, - HR R 2
RUBHRHPERC T 2000,2005 2010 ,2015 4FAYEHE
1.2 Wik
1.2.1 Gl 3K J7 7 (RUSLE)

RUSLE #ikzU R,

A=RXKXLSxCxP (1)
Ao, A BRI B AR R e B Rt km T a7, ROEFEMR O E T B M) mm hm® h a2
R AR TN - 1B AR b A8 3h 1 HE AR R R A R N R SR I ) X R ik B, LS S MU R
F, T L B N7 A R EIL S 22,13 m B LA R R Dl S RIS R N 1, SR 48 AR AL B 5. 1400
JER A 3R ) — BR8N ROBE RIS TR PR S0 s R , KRB 9T 2 R DEM 08 $R B B Ok
T LS . K& IEa P 300670 thm® h hm > M) 'mm™", R i 7 A 362k s 7 43 85 Fa s 1
FHRGRRRE > ¢ A R SN 7 G R, FORAE P 55 A PR S IR R Y P
FRIZK A AR R R, DG, HE A4 7K AR R it 4 1 B % 5 e AR R A A AR, R A 2 T
C 1 P [HFAT Sz e A Ry # i 32 i A H]
1.2.2 BT X R HFEIE

Naipal 252 3T 3 [ B Y s oS A, LA RN AR T 1 IR 7 R (EAARERE KB (P) R (Z) | H B K i

(SDID) (A [l 7 A 45 AB IE AN [R) U X BRI AR Bl T R 5 v

R=f(P,Z,SDI) (2)
o, H KSR SDIT 45 T4 H K =1 mm B RFEN 25 KB HE, AR XA AR AR
2, HAMEX AT bR A Koppen-Geiger S AEAFIX 3L

AHFFERE I FH Naipal 897532 K b BEUOR [A] A9 S0 X R (20 S BEATiH04 X R BEAR 22 091X, LA e G
SDIT %048 A9 X, W F ] Renard and Freimund #5481 (% 2) .

TR 4 800 221l 5 ) H /KB T3 s 45l d A S X R RRAR ol o, FAR IR ZE i A3 T b e 327
FR AR TR AR P T AR (R OIS, 6 VSRS B At A0 308 o FRL A ok A 725 IR (L 2 4l 4= ) R {1,

®2 BIRBERMRBEFHHERE

Table 2 R factor in various climate regions

S A543 X Climate zone ") AR Formula

BWk R = 0.809 x P**7 +0.000189 x SDII®?*

BSk logR = 0.0793 + 0.887 x logP + 1.892 X logSDII - 0.429 X logZ
logR = 5.52+1.33xlogP—-0.977xlogZ

Cfa logR = 0.524 + 0.462 x logP + 1.97 x logSDII — 0.106 x logZ

Dwa logR =-0.572+1.238%logP

Dwb logR =-1.7+0.788%logP +1.824xlogSDII
logR = 1.882+0.819%logP

Dfb logR == 0.5 + 0.266 x logP + 3.1 x logSDII - 0.131 X logZ
logR = 5.267+0.839%logP-0.635%logZ

Hob oy IX R = 0.0483 x PL'(P < 850mm)

R = 587.8 = 1.219 x P + 0.004105 x P>(P > 850mm)
(D) A M2 TR T AT L2 R4 000 B: T X Arid, C: A MIX Temperate, D; 3674 X Cold, W ; X Desert, S T3
Jit Steppe, k : Cold , f: Without dry season,w:Dry Winter,a:Hot Summer,b; Warm Summer
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123 FETF BN C HAFBIETE
FIH Borrelli HHE € TR 7L, 3454 v [ S PR - 78 56 28 BRI ARAE Y A0t o [ (8 s A B
B C HFar it i S5 (C N FRIBUE R 3) .

*3 AELIHBEZXEH CHE
Table 3 C factor per land-cover type

#HFH Arable land 4k #kH Nonarable land
RAEPIFIZE Crop type Coropn + A 2] Landuse Cua
4+ Cereal grains T4 0.15 Lk i PR 0.0001—0.003
Tk 0.38 ARG N 0.0001—0.003
A 0.20 B ERER AR 0.0001—0.003
HZEEY Root and tuber crops 2k 0.34 T bk 0.0001—0.003
Wkt 0.34 IRAM 0.0001—0.003
LFYEVEY) Fibre crops JRE 0.28 FEHObR 0.01—0.15
LY 0.40 TEAH 0.01—0.15
M Tobacco 0.50 Hi 0.01—0.15
%3 Leafy vegetables 0.25 T AR B i 0.01—0.15
24}t Shrubs herbs 0.15 i At b 0.1—0.5
F 4% Green fodder 0.10 25 4 0.1—0.5
ikl Oilseed group 0.25 HAb TeEHE
2% Legumes 0.32
HABAAEY) Other crops 0.15

FHRERE 6 R € RARAE RS S AR DG 2027 B LA RS rhof R T R e 1 Jm) 2% A 1 4% Bk b 1 22
VER R FNRE AR AR B C R AR PED I 10 28 it DL R AR 2o ERFHLY C 14

10
Ccrop = Z Ccmpn X % Region(}mpn (3)

K, Cp FEEY 0 B9 CAH, % Regiong,,,, JEAEY) n HERNIRIER (5 220 S AR AY LA
T 26 R F C B TR 26 1, AN 9T 45 A B SClik i A B 0 45 Rk w2 35 287000 € (51> R
FH A o A B A NDVI Sl AR B 1,
Cronraie = Min(Cy,) + Range(Cy,) x (1= F,,,) (4)
F..=VFC = (NDVI- NDVI_ )/(NDVI__~ NDVI . ) (5)
K, Min(C,,) & C,, BUHETE 1/ ME , Range (Cy, ) 42 C, (TR KA 5 /MBI 22 F R0 355
1.2.4 ETHIBEIER P HFEE %
£ USLE/RUSLE SZHE T 9 P PR R RUEE (1 - 49845 ol JXURS: (A8 v AR 20 2% 1, DR A AR X K Ir A A T
R Xiong SEMRHE K STk ESE " IFGNAS [ 3 B Bk b R TR 7K AR it P (E 22 57 . BF X
ABEGE B Xiong 1) P B F IR 5456 D 4 1R FH 2SR K7 R H XSSO 0.2, oAt e XS AR 47
YerE Sy P HFIRAE . P /INFAET 100094k P HUESY 0.5, 38 R F 100/NFAET 25° 1 P BUEH0.6,
PeERT 25°/NTAE T 4501 P IUE N 0.8 B EE R T 45°09 P IUE N 1,
1.2.5  HAhFEFIHHE A
DEM {14 2% K /N2 B2 M TR B 13, ARG e RSB 8 Ui/ A 0 1) R i B 22 /N 3R T8
P T SRR AT AT AT ARBF SR 30 m A HER A E DEM Budls , e an R AR MR L H
L=(y/223)" (6)
m =B +p) (7)
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B= (sin 0.0296j/[3'0 x (sinf) *® + 0.56] (8)

A,y 9 B KB BE , D7 (T3 R IR A EE (30 m) AU sm S35 I 118580, 8 D 4RV Rkt
R R L E 0 B,
XS R IR X S e Y CSLE RS eh B S R 75 ) X ORI BE B4y B HEA T3

10.8sinf + 0.03 6 <5°
S =416.8sinf — 0.5 5° <0 < 10° (9)
21.97sinf — 0.96 6 = 10°

RUSLE ") K BT HAA 3 04 i g i 09 7 0 B0, XU S0 173 7 3 ) 4 8wl bl 2
Jrik, BIAE 15°HE 20 m A T RO R b L, 2007 ik 452 okt 3 5 LAk 1y i S 200 AR RUBE 45
I, PRI - AT b R KR EPIC BT 314 . AN

SIL SIL 03
K = :0.2 +0.3 x exp|:— 0.0256 x SAN(I - j “ X () x

100 CLA + SIL
0.25 X C 0.7 x SN1
1 - x |1 - (10)
C +exp(3.72 = 2.95 x C) SN1 + exp(— 5.51 + 22.9 x SN1)
SAN
SN1=1-"— (11)
100

3 SAN AL & 5 71 23K, SIL S RyRL & i 1 700, CLA SRR 1 04, C O A PR & i 1 0 8K
1.3 opE SR AR PR LA B
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AR LR IR AR LIS 2000—2015 4F H [ 1 e {2 foh ik B2 A IR ) A8 ARk 4 b3y TE D) 2R - A= e A
SRR RGN R R NS AR AR
nx Yixd - YiY A,
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0,

nxiiz—(ii)z
X, 60, SRR, 0 IR EE AR | 0 R RO, A3 BRI F
K6, ARG rp [ A 342 ol g i ) A8 AL AR B 75 B2 . G B A
. SSR/1

" SSE/(n - 2)
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F (13)

Al SSROBFHTITRL BT Y (A~ 4) (SSE WHETIHALMET 3, (4, ~4)> . Joh A, Wik i

AR R RN, A S ITA THRAR O 19 L3R D P, AR TR F A A R Y B K
- 9 0.01 F10.05 A FAERXLE R A [ L 4R irhoik B AR At 4 70 Sl 25 08/ (6, <0, <0.01) | W35
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2 H#R
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Fig.2 Distribution of RUSLE factors in China

(1) RUSLE : & 1E MR A9 ] 383 5 T2, revised universal soil loss equation, (2) /I | F#FR 200 1 R F 2547 5 MJ mm hm? h™! a™! | +380]
TR R F B t hm? h hm™2MJ ™ 'mm™!

HhHE N BT AR A7 £ L AR 1o 43 2 A0 Zpafe ) (SL190—2007 ) K30 4 o ] - M4 o 32 4
6 ANEFEG, BVRUE AR RE PR AN R EURIRI 2 s [E] A DLIAL 3, RS DL AN 4.

#4 HE2000—2015 F HIERMEE ST
Table 4 Statistics of soil erosion intensity in China of 2000—2015

g

Ay T R e il Extremel el JENiiyial
Year Micro Slight Moderate Intense Y Sever Sum
strong

2000 % 63.35 16.05 5.52 3.32 3.54 8.22 100.00
AR/ 10*km? 301.12 76.29 26.24 15.77 16.83 39.05 475.3

2005 % 62.24 17.03 5.79 3.23 3.52 8.17 100.00
AR/ 10*km? 294.20 80.50 27.39 15.28 16.66 38.64 472.67

2010 % 60.23 15.64 6.47 3.56 3.88 10.22 100.00
AR/ 10*km? 275.40 71.51 29.58 16.28 17.74 46.73 457.24

2015 % 62.14 16.31 5.58 2.95 3.36 9.65 100.00
AR/ 10*km? 286.36 75.17 25.71 13.61 15.50 44.49 460.84

M 4 TR R EDK X K 2 (60% DA L) B2 8] R 3R 4= ik, 90 42 1ok 1 A8 Ak i B R K, HL 2010 4F
AR A2 ok A T B LR 4 AT TR /NG 5 IRV ZUAR Ik B 235 TR) 7 LU AR 2005 4F S5 G BT i, Hedr 2010 4R RIZUR ik
B TR R B e 5, L 2000 ARHEAIN T 2.00% ., 2000 4F- DI, 42 [ 4 e il s i AUZE Dk b, BARSR U R Bh iR X
FESEIN AR R 2 X AR R, BER T AR B B SCR AR B E T A= ok T AR LRI (b A 3 X174 T AR it ot Pl 1
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Fig.3 Distribution map of water erosion in China
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Mo, NS AR L, SRR BT A E AR R A FE B X R il R B A o Al L AT
TERZ N ORI, — A3 TRk b s 2 KK 0 sk AN T8 L Kk LR AW S &4,

Jb T £ R A TP T B LR P X AR AL RS R AL A RS 1L 53 R B 1 <2 4k
o R R T IR A S — E 2 RIAR L B SeTE ) HORRR e i e P AR D ik 7 o — E R
BRI TR SRR K204 L AR e g 0 TR A A T PRl s, 39 (2 ok 0 skt it . o o 61 VG I
HREY R 115 3 BUR b =[] 7 DX 3k, A B 50, A 20 22 1A 5 Y0 RTS8 R R AR I, AL DA b oy 32 L
BONRRB , WA 4 22 NN SRR, oK bt Fe A 20
2.3 HE R A ) AR Tk S

PEAE Y - AR b i e RS () )32 9126 T — T 2R Rl 438 ), 75 1 2000 4E-21) 2015 4F A [ - HE4R il B A9
p2s AR s Jal () 4) |, HiiP oA 28,729 1 IX S AFASE 5 37.22% (1) X 3 382 1l A 8 T 4, 34.049% 1 X sy
AN R 1.3 AR P AR - MR AR R o 5 2K (I 4) IR AT G, Hoh H R
AT Bl /N A DX T B R 3417 ke, o A BRGE T T R AY 0.74% 5 A3 3 /N E B IX 38k i AR
132593 km®, i 2.88% ; F 1% b G kA $4 1) X I I R Ry 20823 km? , 1 0.45% 3 47tk 25 188 e 34 i) X3 v L
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Fig.4 Spatio-temporal variation pattern of soil erosion in China, 2000—2015
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