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Critical topographic condition for slope erosion in
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Abstract This paper tries to explain the effects of slope gradient, slope length and rainfall on slope erosion
from the viewpoint of energy. Analyzing data about slope gradient, slope length and rainfall observed at Ansai
station in Shanxi Province and Wangjiagou small watershed in Lishi, west of Shanxi Province, the author aims
to know the influences of rainfall, slope gradient and slope length on slope erosion. The result shows that the
influence of rainfall on slope erosion amount is the biggest, slope gradient is the second, and slope length is
the smallest. Critical slope gradient is influenced by factors of rainfall and slope length, and critical slope
length is influenced by factors of rainfall, slope gradient and slope length. Critical slope gradient or slope
length is not a constant value, which varies in some ranges and depends on the factors of rainfall, slope type.
The results provided the scientific theory basis for slope erosion control in the Hilly-gully region of Loess
Plateau. .

Key words critical slope gradient; critical slope length; character of rainfall; slope erosion; Hilly-gully
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Tab.1 Average erosion modules under different slope gradients and I, conditions in Ansai station
Iy bUY. ] FRLAENKBRRFHEME/ (+-kn?)
(mm*min~") " 5 10° 15° 2° 25° 28°
<0.25 23 11.7 28.8 51.1 62.3 82.6 68.6
0.25~0.50 9 143.6 302.6 497.9 649.2 817.9 844.2
0.50~0.75 3 344 .4 658.2 1720.7 1767.3 2137.5 2417.9
>0.75 4 1265.8 4186.8 6985.6 9763.6 13 318.1 13 480.0
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Tab.2 Average erosion modules under different slope

length and I, conditions in Ansai station
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WM FRBEKORBETFHRIBE/ (¢km™?)

mm* min"~" " 10m 20m 30 m 40 m
<0.25 23 35.2 37.2 31.0 28.1
0.25~0.50 9 404.1 582.6 468.5 739.9
0.50~0.75 3 1548.8 2159.7 2062.8 2729.7
>0.75 4 9316.2 12926.9 14987.3 16475.6

— 75 T , Bl R 3, 22 T eE 3 n, B R
ERKBHTVREN N H—FE, B THRENM

T 900

~4 ~#- <0.25 mm/min

4 0 —a— 0.25~0.50 mm/min ".';

] 4700 E ~

T H

g sor 1500 g

.E o' M

E RE
30+ 4300 s.g

9 g

S

Vg 10 1 1 1 1 lm

~ 5 10 15 20 25 30

B /)

Lo 37 0.50~0.75 mm/

YHRRB, R RN R KR/, SEHm, B
BREINERB BB N NG ESHA,
Lot A TERER ENRRE, FE8MH
B,

B2 W ARMARETHESRASMRNX
RE, TUEH 7EIRR BT RS T, A A
TR 43I 0 B T LG8 /0, 3F 25 39 BE A9 388 K 0k 4
WS, WA T B 0 35 TG B 88 it 7= ;{0 244 R T O B 3
B, 7 39 T B 0 T B B g I TR O B 48 0 0 T B
K F B o I TR RO TR DB 3 T AR
VA RNIE R LR, e B B, 3B Y
KRN LR, I R K,

=
g
)

25001  _a 0.50~0.75 mm/min i
— —— 0.75 mm/min 112000 ¢
T 2000 &
- —10000%
< 5001 {8000 M™
] =
ﬁ 1000} 16000 £
E‘ J4000 EE
g s00f
B s {2000 2

4 (=
1 1 1 1
O 10 15 20 25 3¢ 3

SR /(%)

M2 AAEABETHESHERMBHXEA
Fig.2 Relation between slope gradient and erosion module under different rainfall intensities
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Fig.3 Relation between slope length and erosion module under different rainfall intensities
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Tab.3 Characteristics of rainfall events in Wangjiagou

small watershed

1508 Frgkat i MR
H 3
mm h mm+h~!
1964-08-13 16.3 1.00 16.30
1964-09-06 80.0 12.67 6.31
1966-07-17 62.0 4.16 14.90
1966-08-13 48.2 3.00 16.10
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Tab .4 Erosion modules at dif ferent slope gradient, dope length

and rainfall condtions in Wangjiagou small watershed
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Fig .4 3-Dimensiona change of erosion module of the single rainfal events under dissimilar slope gradient and slope length



38 fEK L RRER

2008 £

AL, BT 0 SR SR B R A M, B
T S 8 R 6 R G T 5 B AR
AR £ B AR TG 08 40 30 B 0 5 02 B 30 B L 55
) SE I B . B B TR, ol 5 B
LB AR MR, R K TR,
BT, Uk SR 3 T 50 B P 6 L T 0
H T4k, 35T B 5 13846 1 K/ e 8 T A0
B R 3L R e , 8 1 4 B o T
BB SR SRR, W 4 BT UK H, W E
B I 545 B I SR 4 R R — A S MO B A —
SEHTEE . BT K N R WA F
AN L, s 38K 2 96 B Rk, W R0
LR B 1 4 B ()R, £ R
B 1 B9 KK 4025 A o 008 B9 K R L 00
LB L, B ST AR B,

5 &g

1) LY ERMSVHERTSTHE, Y L
AR E R B R AR RS R E
R HRIERBRKR, WERZ BB

2) T LyWEREL T, Em LR AR,
Y 88 1 B A S B 3 4 T o B4 ot 3 KL O/
R EL, MAREKESK, WATLUERF
BRAUBWUNBRMBEEE KRB AERE K,
W/ A 3 FESL .

3) BEBE K BRI T R Ml Y R R
ZRAEBRMARFEAERAMRANER, 42
B 3K, B (A B R B 3l B S KB, ST #9) 1R Tk
B—EHK, HERBHEK, AU EARERA6E
W/NERE AR W B WD, B AR RRR I A Bh AR K,
BFERmBHEATERE TERLEEMAER
RARKTFHEERME R/

4) I 535 HE 55 0 S K RN R A W SO
SHEEREW EKFHTATEL, BREKZRE
MO K EN AL, BEEFE—EN
105 BB , e 5 35 BEE 4 28 A R L /D, e RSB B AL
E B K,

6 X3k

(1] BB .ERE. R+tRRARFBHMSIHE. dL
B Bp 2 AR A, 1988

[2] Carson M A, Kirkby M J. Hillslope Form and Process. Cam-
bridge: Cambridge University Press,1972

(3] BE. EEENLIRBHOTR. HEKLBRRF,193
(4):19-21 '

(4] WX CHEERMBEEFEE. BEER,1995,50
(3):234-239

[5] Morgan R P C. Soil erosion and conservation. U K: Longman
Group, 1986

(6] ERE.FERMNEHLBUFPIBHER . ZFHLE
BRI ,1998,10(1) :34-43

(7] EDP4 . BER . BE FEARUHNERAMEXEER
BRI . P B K £ R R R ,2003,1(4) :16-19

(8] Bk, REB,.XNFE,%. BERLNBHABEER
.k R ARFFHEIE,1999,6(2) :42-46

(9] FER RIEBRWNBEEAANRMILBHE . +EH
KR R,1993 (7):22-24

[10] Ab# RAEMABMAE AR SHE. PEKLR
£¥,1989 (8):23-24

(11] =44, TS SEARNREN L HEBHIEREER
HE W K L RFFER,1995,9(3) :50-53

(2] BER EEABAR. BLEBX AR E . Lt H
AABERKEANKIARZIR. PEKLIREH
%,2005,3(4) :11-18

(13] %k&w EXR AR FRLBAARE L RBHE
RS BERORN  F EK H R FFPHE,2004,2(3) :6-9

[14] Wischmeier W H, Smith D D. Predicting rainfall erosion
losses: a guide to conservation planning. Agriculture Hand-
book No.537. Washington D C: U S Department of Agricul-
ture, 1978

(15] B NG, HEH ABER S K L HEXR
MR PEMERE KABELEKTIREFRFSE
Fl,1990(12):1-8

[16] BEFEIRR. HIXLEXEHEKER AR EKE
W BT R EPIH 4. BRI, 1957 (12):17-21

[17] FR¥. HREZRITWIHI M E K EF5H WM EHY
BoER. WEEIN,1958 (2):111-118

[18] King L Y. The uniformitarian nature of hillslopes, Trans.
edin. Geod. Soc. ,1957 (17) :81-122

[19] Schumm S A, Mosely M. Slope morphology. Stroudabury
Pennsylvania: Dowden, Huthinson and Ross.Inc,1973

[20] WM, ILBE , XE BRFESKIRERMOHE.F
B A% B K F #R A b K R £ BF K B & T, 1990
(12):9-15

(%% Re)



