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Comparative analysis of flow and sediment characteristics of the Yanhe River

under extreme rainfall conditions and research on influence factors
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Abstract: To explore flow and sediment characteristics under extreme rainfall conditions before and after erosion and torrent
control works in the Yanhe River basin we used statistical methods to analyze flow and sediment characteristics under
extreme rainfall conditions in July 1977 and 2013 including daily rainfall and precipitation at different times at 30 weather
stations flow and sediment discharge at two hydrologic stations and grain composition at the Ganguyi station. The results
showed that extreme rainfall in July 1977 had the characteristics of high average rainfall intensity and peak rainfall and
uneven spatial distribution of rainfall intensity. Extreme rainfall in July 2013 had the characteristics of high total
precipitation and hourly rainfall intensity high rainstorm frequency and relatively uniform spatial distribution of rainfall
intensity. Precipitation in July 2013 was approximately twice as high as precipitation in July 1977; however flood peak
flow total runoff and sediment concentration in July 2013 were significantly decreased compared with July 1977 and there
was a significant decrease in sediment discharge corresponding to the decrease in runoff. Flooding in July 1977 was

characterized by a steep rise and fall of water and a short flood duration; in contrast flooding in July 2013 was
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characterized by a slow rise and fall of water and a significantly longer flood duration. Compared with 1977 there was a
decrease in the total flood runoff in July 2013 and the proportions of runoff before and after the peak decreased and
increased respectively. Compared with 1977 sand grain size was clearly smaller in 2013; Furthermore the weight of
sediment with smaller size had increased whereas the weight of sediment with larger size had decreased. This study reveals
that a series of high-evel erosion and torrent control works such as returning farmland to forest (grass) engineering has
changed the underlying surface conditions in the Yanhe River basin since the 1990s which contributed to changes in
rainfall and sediment characteristics under extreme rainfall conditions between July 1977 and 2013. The findings of this
study provide a reliable theoretical basis for measures to control flooding caused by extreme rainstorms and for prevention of

water loss and soil erosion.

Key Words: extreme rainfall; flow and sediment characteristics; soil and water conservation; Yanhe River basin
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Fig.2 The distribution of accumulative precipitation and daily rainfall intensity on July 1977 and 2013
1
Table 1 Frequency characteristic of the rainstorm
Rainstorm( =50mm/d) Downpour( =100mm/d)
/ /
T
e Occurring Number st(.)rmv Occurring Number Do‘w?po.ur Rainfall The. aflerage
davs/d of sites precipitation/ of sites precipitation/ eak /mm precipitaton/
Y Month total Month total P mm
precipitation /% precipitation/ %
1977 17 0 7 0 23 168.1 136.7
July 1977 1 22 50—60 1 7 55
2 1 76.5 2 0
=3 0 3 0
2013 7 0 0 27 109.7 106
July 1977 1 3 20 1 3 20
2 8 30—40 2
=3(3—6) 19 50—70
2013 7 1977 7 1977 17 1.2—
1.4 1977 7 N N N N N 9
2013 7 2013 7
Al Al Al N N N Al AY 10
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Table 2  Precipitation in different time intervals on July in Yanhe River basin
0.5h 1h 1.5h 2h 3h 4h
Time Site Maximum 30-minute  Maximum 1-hour ~ Maximum 1.5-hour ~ Maximum 2-hour ~ Maximum 3-hour ~ Maximum 4-hour
rainfall depth/mm  rainfall depth/mm  rainfall depth/mm  rainfall depth/mm  rainfall depth/mm  rainfall depth/mm
1977 17 10.7 15.8 20.8 23.2 27 29.1
July 1977 9.3 13.2 16.6 21.1 26.2 28.4
17.5 21.7 30.5 35.5 37 37.9
12.5 16.9 22.6 26.6 30.1 31.8
2013 7 13.6 23 31.4 39.6 43.8 47.4
July 2013 58.2 71 73.6 77.6 82.6 83.4
/mm 40.6 53.9 65.2 74.5 82.2 86
3 7
Table 3  Precipitation in different time intervals on July in Yanhe River basin
1977 7 July 1977 2013 7 July 1977
6h 12h 24h 6h 12h 24h
Sites Maximum 6-hour Maximum 12-hour Maximum 24-hour Maximum 6-hour Maximum 12-hour Maximum 24-hour
rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm rainfall depth/mm
64 72.5 88.4 76.4 79.8 81.4
80.5 94.5 115.9 68.8 71.6 71.6
36.5 83.9 83.9 86 94.6 94.6
78.4 107.1 144 75 78.6 87
84.3 90 102.5 37.2 53.6 64.2
68 74.9 103.3 37.5 51.7 59.4
49.9 59.6 80.7 103.6 109.7 109.7
79.4 125.7 168.1 62.2 85.2 110.8
65.8 125.5 165.9 65.3 68.2 70.5
37 51.3 84.1 67.2 87.6 105.8
64.2 105.9 131.9 57.4 70.8 102
95.8 119.4 149.1 61 84 96.5
53 53 53 59.6 71.4 71.4
29.1 34.1 50 42.3 53.3 75.8
14.6 35 47.7 95.2 95.5 109.5
36 46.2 49.4 68.8 90.6 94.4
29.9 47.5 48.3 60.4 62.9 70.1
47.5 47.5 52.3 91.8 129 129.2
59.4 59.4 71.1 42.1 56.8 88.3
37.5 62.5 71 38 58 86
45.2 88 111.1 88.4 92.2 93
34 35 62.4 66.2 88.8 106.4
31.2 33.7 63 53.4 73.8 92
32.2 35.9 63.2 55.2 67.6 95.6
38.7 41.4 55.4 85.4 94 142.4
37.2 43.4 76.2 75 95.6 108.4
34.1 44.5 44.8 85.6 110.0 110.4
31.6 38.9 42.9 87.6 126.4 129.6
34.4 58.5 58.5 92.2 139.2 139.6
35 67.8 72.1 108.2 115.6 121.8
Average /mm 48.8 66.1 83.7 69.8 85.2 97.2
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Table 4  Flood peak flow of July 1977 and 2013 compared with historical flood
1977 2013
Sites Flood peak of July 1977/(m?/s) Flood peak of July 2013/(m?/s) Peak flow of historical records /(m?®/s)
75 7 6 7 12 7 13
July 5 July 6 July 12 July 13 Peak flow(m®/s) Time
1060(14:18) 9050(8:18) 604(15:00) 6300 1917
6300 1933.8.7
3060(3:30) 3100 1862
2050 1940
2710 ) 2190 1908
320(18:00) 1510(4:30) 2330 1933.8.7
1340(11:09) 7200(5:24) 516(10:54)
10
322
2013 7 1977 17 2013 7 .
1977 7 66%—90% 0.7% N
55%—80% » 3h 1977 7 55%—96% 3h 1977
7 10% - 2013 7 1977 7
. .3h 3h
( 5.
323
1977 7 N 2013 7
0 1977 7 2013 7
o 2683min 3388 m’ 2013 7
o 1977 17 2013 7 N
o 5.4%
5.4% 1.1%
1.1%-
2013 7 ( 3— 6 6).
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Table 5 Flow and sediment characteristics of July 1977 and 2013

Sediment 3h 3h
e 1men. Maximum 3-hour Maximum 3-hour
. . L Peak flow/ concentration . .
Sites Rain date Precipitation/ mm ( 3 ) of flood peak / flood volume/ sediment discharge /
mls e 10*m? 108t
(kg/m?)
1977/7/4—1977/7/5 68.2 7200 662 5256 0.37
2013/7/11—2013/7/12 126.6 516 128 482 0.006
+85.6 -92.8 =81 -90.8 -98.4
1977/7/4—1977/715 57.7 9050 752 7344 0.56
2013/7/11—2013/7/12 155.8 926 334 3290 0.03
+170 -90 -55.6 =552 -94.6
1977/714—19771715 69.8 1510 560 864 0.49
2013/7/11—2013/7/12 131.4 513 564 32.4 0.019
+88 -66 +0.7 -96 -96
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Fig.3 Flood process happened on July in 1977 and 2013 of Yan’an station
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Fig.4 Flood process happened on July in 1977 and 2013 of Ganguyi station
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Fig.5 Flood sediment process happened on July in 1977 and 2013 of Yan an station
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Fig.6 Flood sediment process happened on July in 1977 and 2013 of Ganguyi station
6 1977 2013
Table 6 Flood process changes on July in 1977 and 2013 of Yanhe River basin
Time Sites T/min t,/T/% t, /T/% Q/(10*m*) q,/Q/% 4 /1Q/1%
1977 7 998 12.2 87.8 7272 29.7 70.3
July 1977 942 25.5 74.5 11880 32.7 67.3
540 27.8 72.2 1123 29.7 70.3
Average 827 21.8 78.2 6758 30.7 69.3
2013 7 2670 17.1 82.9 2297 29.2 70.8
July 2013 3960 19.7 80.3 3290 28.8 81.2
3900 12.3 87.7 4522 30.8 69.2
Average 3510 16.4 83.6 3370 29.6 73.4
T: The flood total duration/min t;: Flood rising duration/min t, : Flood falling duration/min;Q: The
total runoff/10*m® q;: Runoff before the peak/10*m* ¢, : Runoff after the peak/10*m?
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Table 7 Cumulative area and ratios of soil and water conservation in Yanhe River basin measures

Kk

Terrace Check dam Afforestation Grass planting Total
Total
Year “ o . o area/ 1%
) 9, percentage / %o
Area/km? v Area/km? v Area/km? v Area/km? 7 km? . 8
1959 4.13 8 4.62 9 41.33 82 0.33 1 50.41 0.9
1969 47.20 21 15.83 7 161.27 71 3.73 2 228.03 3.9
1979 97.53 23 28.73 7 286.93 67 17.47 4 430.66 7.3
1989 174.33 15 37.80 3 840.73 70 145.20 12 1198.06 20.3
1996 275.60 16 41.67 2 1100.20 66 259.87 15 1677.34 28.5
2000 219.60 14 38.10 3 1637.50 67 180.40 16 2577.40 35.3
2005 285.50 9 49.50 5 2128.80 68 234.50 18 3350.60 45.8
% Kk
4.1
(1997—2010) D)
. 2005 2128.80km>  234.50km’(  7)-
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Fig.8 The trends between runoff sediment and vegetation coverage
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