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Impact of rainfall erosivity variations on sediment load in the
Weihe River Basin in recent 55 years
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Abstract  Background Severe soil erosion in the Weihe River basin has attracted much attention due
to its impact on land degradation river bed siltation and sedimentation in reservoirs. Investigations on
variations of sediment load and its response to climate change and human activities may provide good
reference for river basin management. Methods The present study applied the Mann-Kendell non-
parametric test double cumulative curve method and Kriging interpolation to analyze the dynamic
variations of rainfall erosivity and sediment load by using daily precipitation data from 23 climate stations
and annual sediment load time series at 3 hydrological stations in Weihe River basin from 1961 to 2015.

Results 1) Average annual rainfall erosivity was 1 685. 67 MJ*mm/( hm’*h<a) in the past 55 years in
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Weihe River basin. The annual rainfall erosivity showed an insignificant increasing trend of 1.94 MJ *mm/
(hm’+he*a) . The lowest value was 1 507.23 MJ*mm/( hm**h*a) occurring in 1990s which was 10%
lower than the annual average. In the 1960s the rainfall erosivity was 1 685.67 MJ*mm/( hm®*h<a)
which was similar to the average rainfall erosivity in the last 55 years. The average rainfall erosivity in the
1970s was slightly lower than the average. In the 1980s and the first 15 years of the 21st century the
average annual rainfall erosivity was almost the same. 2) The rainfall erosivity ranged from 292.9 to
4098.9 MJemm/( hm®+hea) in the Weihe River basin with high spatial heterogeneity. The average
annual rainfall erosivity in the basin decreased from southeast to northwest. High values occurred in
Huashan and Foping station which were 2 980 and 4 098.9 MJ*mm/( hm® *h<a) . 3) Sediment load
exhibited significant decrease during the past 55 years in the Weihe River basin. Human activities had a
greater impact on sediment load at Zhangjiashan and Xianyang stations after 1990s and the contribution
was higher than 100%  which resulted from increasing rainfall erosivity as well as the vegetation
restoration and soil and water conservation. From 1980 t01994 human activities accounted for 58% of
sediment load reduction at Zhuangtou station and increased up to 67% during 2000—2015.

Conclusions This study investigated the spatial and temporal changes in rainfall erosivity and sediment
load as well the causes of variation in sediment load in the study area. The results may provide scientific
bases for the future soil and water conservation in the Weihe River basin.

Keywords: rainfall erosivity; sediment load; variation; human activity; Weihe River Basin
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Fig.3 Interannual variation of rainfall erosivity in the
Weihe River Basin
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Fig. 5
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Interannual variation and double cumulative curve analysis of sediment load in the Weihe River Basin
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Tab.3 Correlation between cumulative annual sediment load and cumulative annual rainfall erosivity in the Weihe River Basin
Station Year division Linear equation Correlation coefficient
1961—1979 y=0.052x -76.7 0.984
1980—1994 y=0.03x +531.6 0.952
Zhuangtou
1995—2004 y=0.028x +962. 1 0.970
2005—2015 y=0.003x +3023.6 0.972
1961—1978 y=0.26x -278. 4 0.997
Zhangjiashan 1979—1996 y=0.22x +389.6 0.992
1997—2015 y=0.10x +5383.9 0.963
1961—1981 y=0.073x +141.6 0.975
Xianyang 1982—1995 y=0.03x +1866.4 0.992
1996—2015 y=0.01x+3611.9 0.952
Ly 109 t; x MJ*mm/( hm?*hea) . Notes: y represents cumulative annual sediment load unit is 10° t;

x represents cumulative annual rainfall erosivity the unit is MJ*mm/( hm? *h+a) .
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Tab.4 Effects of rainfall erosivity variations and human activities on sediment load in the Weihe River Basin
Affected by rainfall erosivity — Affected by human activities
Station Year MST/ CST/  MSR/
division 108 ¢ 108 ¢ 108 ¢ MSRR/% Sediment Contribution Sediment Contribution

reduction/10% t rate/ % reduction /108 t rate/ %

1961—1979 17.38 18. 40
1980—1994 10. 58 15.57 6. 80 39.13 2.83 41. 65 3.97 58.35
Zhuangtou 19952004  5.06 10.07 1232 7091 8.33 67.56 4.00 32.44
2005—2015 0.08 12.70 17.30 99. 54 5.70 32.93 11. 60 67.07

1961—1978 49.91 48. 86
Zhangjiashan  1979—1996 39.30 46.75 10. 61 21.26 2.10 19. 83 8.51 80. 17
1997—2015 19. 88 49. 89 30.03 60. 16 -1.03 -3.43 31.06 103. 43

1961—1981 34.55 37.72
Xianyang 1982—1995 9. 69 24. 44 24. 86 71.96 13.29 53.45 11.57 46. 55
1996—2015 4.87 38.95 29. 69 85.92 -1.22 -4.12 30.91 104. 12

Notes: MST: Measured sediment transport. CST: Calculated sediment transport. MSR: Measured sediment reduction. MSRR: Measured sediment

reduction rate.

4

23 1960 — 2015 1) 1961—2015



3 : 55 21
1 685.67 MJ*mm/( hm**h<a) . 55 2009 208(1): 85.
(1.94 MJemm/( hm®+he=a)) . 6
2) J. 2017 39(8): 1.
MU Xingmin HU Chunhong GAO Peng et al. Key is—
3) ’ sues and reflections of resarch on sediment flux of the
Yellow River J . Yellow River 2017 39(8) : 1.
20 7 . J .
20 2016 35(10):1.
HU Chunhong. Changes in runoff and sediment loads of
>100% o 1980 — 1994 the Yellow River and its management strategies J . Jour—
58%; nal of Hydroelectric Engineering 2016 35(10) : 1.
21 67% 8 . 1990—1996
J. 2001 (
2) . 136.
. ZHAO Junxia WANG Hong MA Yong et al. Prilimi-
. nary analysis on cause of water and sediment variation
l from 1960 to 1996 in Weihe watershed J . Journal of
’ X ' Soil and Water Conservation 2001( S2) : 136.
9
’ J. 2013
31(2): 396.
SUN Yue LI Dongliang ZHU Yongjun. Advances in
° study about runoff variation of the Weihe River and its re—
sponse to climate change and human activities J . Arid
S Meteorology 2013 31(2): 396.
1 WISCHMEIER W H SMITH D D. Predicting rainfall e— 10 60 a
rosion losses-a guide to conservation planning M J . 2013 30(6): 1106.
Washington DC: USDA-ARS 1978: 34. LAI Wenli SONG Jinxi ZHANG Jie et al. Precipita—
2 60 tion in the Weihe River basin in recent 60 Years J .
J . 2012 34 Arid Zone Research 2013 30(6) : 1106.
(6): 1070. 11 ZHAO Guangju MU Xingmin TIAN Peng et al. Cli-
ZHAO Guangju MU Xingmin TIAN Peng et al. The mate changes and their impacts on water resources in
variation trend of streamflow and sediment flux in the mid— semiarid regions: A case study of the Weihe River ba—
dle reaches of Yellow River over the past 60 years and the sin  China ] . Hydrological Processes 2013 27
Influencing factors J . Resources Science 2012 34 (26) : 3852.
(6): 1070. 12 WANG Houjie BI Naishuang SAITO Y et al. Recent
3 LIU Cheng SUI Jueyi WANG Zhaoyin. Changes in run— changes in sediment delivery by the Huanghe ( Yellow
off and sediment yield along the Yellow River during the River) to the sea: Causes and environmental implica—
period from 1950 to 2006 J . Journal of Environmental tions in its estuary J . Journal of Hydrology 2010
Informatics 2008 12(2): 129. 391(3/4) : 302.
4 HEYi WAGN Fei MU Xingmin et al. Human activity 13 .
and climate variability impacts on sediment discharge and J. 2003 25(1):35.
runoff in the Yellow River of China J . Theoretical & ZHANG Wenbo FU Jinsheng Rainfall erosivity estima—
Applied Climatology 2016: 1. tion under different rainfall amount J . Resources Sci—
5 XU Jiongxin. Plausible causes of temporal variation in ence 2003 25(1):35.
suspended sediment concentration in the upper 14 .1960—2014
Changjiang River and major tributaries during the second J . 2017 32(2):

half of the 20th century J .

Quaternary International

278.



22

2019

15

16

17

ZHONG Keyuan ZHENG Fenli. Spatial and temporal
variation characteristics of rainfall erosivity in the Song—
hua River Basin from 1960 to 2014 J . Journal of Natu—
ral Resources 2017 32(2) :278.

J . 2016 36(6): 110.
TAO Wangxiong MA Yaxin ZHANG Jie

tial and temporal variations of rainfall erosivity in Weihe

et al. Spa-

Bulletin of Soil and Water Conserva—
tion 2016 36(6): 110.

River basin J .

I 2018 32(1):
174.
MA Lan HUANG Shengzhi HUANG Qiang

Causes analyzing of the change of rainfall and rainfall

2018 32( 1) : 174.

et al.

erosivity in Weihe River Basin ]

J. 2002 22(6): 705.
ZHANG Wenbo XIE Yun LIU Baoyuan et al. Rain—

18

19

20

21

fall erosivity estimation using daily rainfall amounts J .
Scientia Geographica Sinica 2002 22(6) : 705.

WU L LIUX MAXY . Spatiotemporal distribution
of rainfall erosivity in the Yanhe River watershed of hilly
and gully region Chinese Loess Plateau J . Environ—
mental Earth Sciences 2016 75(4) : 1.

MARDEN J 1 KENDALL M GIBBONS J D. Rank cor-
relation methods ( 5th ed.) J . Journal of the Ameri—

can Statistical Association 1992 87(417): 249.

2010 30(4): 47.

MU Xingmin ZHANG Xiugin GAO Peng et al. Theo—
ry of double mass curves and its applications in hydrolo—
gy and meteorology J .
2010 30(4): 47.

LE N D ZIDEK ] V. Statistical analysis of environmen—

tal space-time processes M .

Journal of China Hydrology

New York: Springer Sci—
ence & Business Media 2006: 101.



