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Abstract  Background This paper is to study the responses of runoff and sediment characteristics
under extreme precipitation conditions in different soil and water conservation measures in the Dali River
Basin as an example. To reveal the role of soil and water conservation would provide a reliable theoretical
support for floods caused by exireme rainstorm and for prevention of water loss and soil erosion.

Methods Based on the precipitation data runoff data and sediment yield data of Suide station of the
Dali River Basin from 1964 to 2017 we used Mann-Kendall trend test and linear regression method to

analyze the changes in trends. In addition we used statistical methods to analyze runoff and sediment
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characteristics in rainstorm floods of July 1964 August 1977 and July 2017 with different periods of soil
and water conservation. Results Under the condition of no obvious change trend of precipitation the
runoff amount and sediment yield of the basin observed from the Suide station in 1964 —2017 showed a
declining trend. However different effects were shown on the characteristics of runoff and sediment yield
under extreme rainstorm conditions. Under the three extreme rainstorm conditions the precipitation was
basically the same. Compared with July 1964 the runoff in July 2017 and August 1977 was greater than
308% and 120% respectively and the sediment yield was greater than 66% and 131% respectively.
However the runoff in July 2017 compared with the rainstorm in August 1977 was higher than 85% and
the sediment yield was lower than 39% . In July 2017 the flood peak flow and flood amount increased
significantly while the sediment yield decreased significantly with the increase of runoff. Flooding in July
1964 and August 1977 were characterized by steep rise and fall of water and a very short duration. In July
2017 the flood showed a steep rise and slow fall of water and the duration of flood peak significantly
prolonged. Conclusions Soil and water conservation measures in the Dali River Basin have effectively
changed the underlying surface conditions and played an obvious role in reducing runoff and sediment
yield. However for soil and water conservation engineering measures it is difficult to play good benefits
of soil and water conservation. These findings indicate that soil and water conservation engineering
measures may exert good soil and water conservation benefits within a certain range; while encountering
heavy rainfall and flood soil and water conservation has a limited effect. If a large scale extreme rainfall
occurs in the future the runoff and sediment yield would be also big.
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1

Tab.1 Characteristic values of hydrological elements in Dali River Basin in different years

Precipitation Runoff amount Sediment yield
Ratio Ratio Ratio
Year
Mean/ of maximum  Variable Mean/ of maximum  Variable Mean/ of maximum  Variable
(mmea~')  to minimum coefficient (10° m*«a~!) to minimum coefficient (10% t*a~')  to minimum coefficient
1964—1969 484.90 2.10 0.31 1.92 2.78 0.28 0.57 14. 00 0.75
1970—1979 417. 09 1.93 0.24 1.47 2.61 0.36 0.39 9.20 0.81
1980—1989 414. 41 1.53 0.16 1.23 1.58 0.18 0.20 4.63 0.48
1990—1999 412. 68 2.00 0.21 1.38 2.01 0.40 0.37 8.33 0.71
2000—2009 457.96 1.91 0.21 1. 16 2.14 0.27 0.22 25.5 0.78
2010—2017 509.93 1.77 0.18 1.08 3.04 0.46 0. 10 19. 00 1. 14
Multi-
444. 60 2.98 0.24 1.34 3.53 0.37 0.29 50 0.92
year average
2 1964—2017 N N

Fig.2 Variation of average surface precipitation annual runoff and annual sediment yield in Dali River Basin from 1964 to 2017

2

3

Tab.2 Trend analysis on interannual variation of three hydrological elements in Dali River Basin

Mann-Kendall (M=K test) ( Linear regression)
Categories &
7 value Significance level Correlation coefficient Significance level
Precipitation 0.23 ( Insignificant) 0. 089 ( Insignificant)
Runoff -3.10 0.01 —-0. 409 0.01
Sediment yield -2.81 0.01 -0.418 0.01
5 680 4484 1 1964 131% . 2017
m’ /s 1964  120% . 2017 7 7 26 3231.3  t 1964
26 1260 m’/s 66% 1977 39% (  3).
1964 1977 308% 85% . 3.3
1964 2017 7 3.3.1 1964 7 1977 8
1964 “ " 1977 2017 2017 7
“ ", 1964 7 6 3, 2017 7
1944 11977 8 8 5 1964 7 4h
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3 1964 7 1977 8 2017 7
Fig.3 Variation of precipitation runoff and sediment concentration in July 1964 August 1977 and July 2017
3
Tab.3 Analysis of rainfall characteristics in Suide station of Dali River Basin
Individual 1h 4h
Date
rainfall /mm Duration/h Maximum 1-hour rainfall/mm Maximum 4-hour rainfall/mm
196407 114.9 17 28 62
1977-08 108. 5 9 33.2 78
201707 109.2 5 87
1964 1977 8 2017 1 740 m’ /s o
1 4 h 1977 8 5
1977 8 . 2450 m’ /s 2017
3.3.2 1964 7 6 . 2017 7 26 N
1 140 m’/s 1840 3160 m’/s
2017 2017 o
4 1964 1977 2017
Tab.4 Flood peak flow of 1964 1977 and 2017 compared with historical flood m’ /s
1964 1977 2017
Flood peak in 1964 Flood peak in 1977 Flood peak in 2017 Peak flow in historical records
Sites 7 5 8 5 7 26
Year
July 5 August 5 July 26 Peak flow
N
Qingyangcha Station 1140 (No 1840 1140 1964
significant flooding)
( No
Lijiahe Station 386 997 1350 1994
significant flooding)
Suide Station 1740 2 450 3160 2450 1977
Caoping Station 903 307 1520 1966
3.3.3 1964 7 1977 4 h, 2017
8 N 7 0
2017 7 3160 m’ /s 5h 2700 m’ /s
. 1964 7 6h 1964 2017 .
1740 852 m’/s. 1964 7 1977 7 3 1964 7
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7 6 03: 00 13 h ( 4) o
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Fig.4 Flood sediment process on July in 1964 and 2017 August in 1977 of Suide Station
" 1964—2017
4
1647
19
4.1 o
1972—1996 1964 7 2017 7
N . 1964 7
1956 430 hm’
2002 2 1793 hm’ 50 (5). . :
12
. 2017 . 1964
1977 1977
1977 8 ° ~
2022
4.2 () s .
1999 Tab.5 Cumulative control areas by soil and water conservation
() measures in the Dali River Basin hm’
1956 3521 451 hm’
2002 N 7 8 872 Year Terraced filed Forest field Grassland Total
5012 hmZ 21 10 1956 430 3521 451 4402
5 1964 1 087 10 390 1051 12 528
( ) ° 1974 4313 20 209 2 740 27 262
° 1984 7047 43270 4614 54 931
1994 13 899 86 020 6792 106 711

2002 21793 78 872 5012 105 677
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