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Response of Soil and Water Loss to Land Use and
Precipitation Changes on the Loess Plateau
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Abstract: [Objective] In order to clarify the law of sediment yield and sediment loss of different land use
types under different rainfall types, and to evaluate the benefit of sediment reduction of different land use
types under different rainfall types. [ Methods ] Based on the monitoring data of runoff and soil loss under
natural rainfall conditions over 2015—2016 in 31 runoff plots located in the Loess Plateau of China the
characteristics of sediment yield and loss in different land use types, including farmlands, abandoned lands,
artificial grasslands. natural grasslands, shrublands and artificial forest lands were discussed. The efficiency

of runoff and sediment reduction for each land use type under different rainfall types was determined.
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[Results] The runoff and soil loss of abandoned lands were the largest (30 mm, 86 t/hm®) and artificial
forest lands were the smallest (8 mm, 24 t/hm?) under the annual rainfall scale, and there was no significant
difference between other land use types. Through the application of duster analysis a total of 120 rainfall
events were categorized into three distinct rainfall types based on criteria that included amount, duration, and
maximum intensity of rainfall in a 30-minute period. That is, Rainfall Type I: characterised by moderate
rainfall duration (749 min), moderate rainfall volume (35.4 mm), and moderate rainfall intensity (16.9 mm/
h); Rainfall Type II: comprising short-duration rainfall (222 min), moderate rainfall volume (25.2 mm),
and intense rainfall intensity (23.8 mm/h); Rainfall Type III: involving a long duration of rainfall (1 451
min), substantial rainfall volume (40.6 mm), but low intensity of rainfall (11.5 mm/h). When considering
the impact of these types of rainfall within the given scale, the study observed the following trends, for the
runoff coefficient, exhibiting Rainfall Type II > Rainfall Type III > Rainfall Type 1, while for soil loss,
exhibiting Rainfall Type II > Rainfall Type I > Rainfall Type III. The runoff coefficient of Rainfall Type I
was significantly higher than that of other land use types, reaching 17.7%, which was 2.36 times that of
artificial forest land. There were no significant difference in runoff coefficient under Rainfall Type II, and the
average runoff coefficient was 19.9%. The runoff cocfficient of abandoned lands, artificial grasslands, natural
grasslands, and farmlands (average of 14.3%) was significantly higher than that of shrublands and artificial
forest lands (averaging at 9.0%). The soil loss of famlands, artificial grasslands, shmblands and artificial
forest lands under Rainfall Type II (3.94, 0.87, 1.06, 1.08 t/hm?) > Rainfall Type I (1.60, 0.60, 0.59, 0.63
t/hm?) > Rainfall Type III (0.09, 0.20, 0.06, 0.04 t/hm?). [ Conclusion] In the Loess Plateau, the artificial
forest land was the first choice to control soil and water loss effectively under the condition of medium-low
rainfall intensity and medium-long duration rainfall, and the soil and water conservation effect of shrubland
and grassland was better under short-duration heavy rainfall.
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Fig. 1  Location distribution map of runoff field
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Table 1  Description of land use types in runoff plots on
the Loess Plateau

ii\MIJH:J M WE/C EK/m WE/m SE/%
E3i|

a8 10~15 20 5 30~70

Ry 3 5~15 20 5 30~70

R b A 10~25 20 5 30~170

% 5~25 20 5 30~70

INFZ 5~25 20 5 30~70

o Mﬂi 5~25 20 n 60~65

S 10 20 5 60~65

NTHH FEHTE 25 20 5 60~65

HAREM =0 5~25 20 5 60~65

HE S 10 20 5 60~65

WM R 25 20 5 60~65

K 25 20 5 60~65

U] 10~25 20 5 15~40

AT hkds R 5~25 20 5 15~40

M 25 20 5 15~40
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Fig. 2 Multi— factor variance analysis of land use type,
soil type and slope on runoff and soil loss
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Table 2 Spearman rank correlation coefficient (r,) and p
value of annual runoff, soil loss and slope of
runoff plot in different land use types in the

Loess Plateau
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ANTEH  —0.61 0.10 0.24 0.57

ER/Ni] 0.36 0.70 0.09 0.43
M —0.72 0.61 0.17 0.21

NI N 0.43 0.77 0.10 0.47
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Table 3 Statistics of rainfall types
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Fig. 3 Annual runoff and soil loss of different land use types
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Fig. 4 Runoff coefficient and soil loss of different land use types under rainfall scale
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Table 4 Runoff coefficient and soil loss reduction rate and sediment reduction rate under different rainfall types %

+ 1A H FEmie A T FEmI AL 1T R 2 AL
A b 61.7 82.9 37.5 56.5 36.1 87.9
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NN 61.9 93.5 84.2 90.4 21.1 73.2
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TR 5 TR D I R A OGSE AR (p<C0.05) o BRI BEFT R B B EM KR (p<<0.05), X LE45
FONFIEWE T F W RS L MRk RERVIF W SR A Lo J2 52 W 42 1l 28 4 19 32 2R
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Table 5 Correlation between runoff coefficient and soil loss and rainfall parameters
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Table 6  Rrlationship between rainfall type and land use
type and runoff coefficient and soil loss
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Table 7 Regression analysis of runoff coefficient and soil

loss of each land use type under different rainfall

types
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