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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
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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
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—level 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.
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Fig.2 The distribution of accumulative precipitation and daily rainfall intensity on July 1977 and 2013
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Table 1 Frequency characteristic of the rainstorm
%= Rainstorm( =50mm/d) #&F Downpour( = 100mm/d)
Reg o 4t/ PN ] g
N . N [ R - R 3
o mkng wes SEEE g e TEEEE g TRPRE
Ff 1] Time . Storm . Downpour . The average
Occurring Number . Occurring Number . Rainfall .
davs/d of sites precipitation/ Davs/d of sites precipitation/ eak/mm precipitaton/
Y Month total Y Month total P mm
precipitation/ % precipitation/ %
197747 A 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 4E7 H 0 0 0 27 109.7 106
July, 1977 1 3 20 1 3 20
2 8 30—40 2
=3(3—06) 19 50—70 3
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Table 2  Precipitation in different time intervals on July in Yanhe river basin
] B K 0.5h FE7K R Th ok IR 1.5h FEK K 2h oK K 3h K K 4h Bk
T S"tm Maximum 30-minute Maximum 1-hour =~ Maximum 1.5-hour =~ Maximum 2-hour Maximum 3-hour Maximum 4-hour
e e rainfall depth/mm  rainfall depth/mm  rainfall depth/mm  rainfall depth/mm  rainfall depth/mm  rainfall depth/mm
1977 4F 7 H 53 10.7 15.8 20.8 23.2 27 29.1
July, 1977 7| 9.3 13.2 16.6 21.1 26.2 28.4
HA % 17.5 21.7 30.5 35.5 37 37.9
T 12.5 16.9 22.6 26.6 30.1 31.8
2013 4E 7 A HE 2 13.6 23 31.4 39.6 43.8 47.4
July,2013 B 58.2 71 73.6 77.6 82.6 83.4
-/ mm 40.6 53.9 65.2 74.5 82.2 86

2013 4 7 H Ay JE 0] i k45 s B e K [ K i i

L4 5, 1977 45 7 A Gy BRBEKSE T X AL FEE 2258 REEIE BRI R
i S R R B AR KR /K B 3 v 1 2013 4F- 7 A A \%,/H\éé%lﬁ,mHTE&%HHG%E%‘E{EE? 2013 4£ 7 Hfy, K
HR SRS A = B RO CHA S A K IT RR SN SRREA 10 S35 A e B i R R K iR
FEAE 2013 47 AR 50% (£ 3) o

*®3 EARE7 ANEEATEREMEKE

S BE R FE R T 1977 $ 7 A0y, 21977 457 Ay 1.2—

W% 430 R MEE 27 9 1>

Table 3  Precipitation in different time intervals on July in Yanhe river basin
1977 47 7 July,1977 2013 47 A July,1977

A K 6h BN L R 12h B EE BRoR 24h BERTEE HK 6h R L R 12h BEREE BoR 24h BRI
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
i Jabe 64 72.5 88.4 76.4 79.8 81.4
et 80.5 94.5 115.9 68.8 71.6 71.6
WRE 36.5 83.9 83.9 86 94.6 94.6
A IE 78.4 107.1 144 75 78.6 87
R 84.3 90 102.5 37.2 53.6 64.2
[j S 68 74.9 103.3 37.5 51.7 59.4
A 49.9 59.6 80.7 103.6 109.7 109.7
A 79.4 125.7 168.1 62.2 85.2 110.8
EiEES 65.8 125.5 165.9 65.3 68.2 70.5
RTINS 37 51.3 84.1 67.2 87.6 105.8
SRV 64.2 105.9 131.9 57.4 70.8 102
TG 95.8 119.4 149.1 61 84 96.5
Pepiiz 53 53 53 59.6 71.4 71.4
Sl 29.1 34.1 50 4223 53.3 75.8
= U 14.6 35 47.7 95.2 95.5 109.5
T 36 46.2 49.4 68.8 90.6 94.4
LY 29.9 47.5 48.3 60.4 62.9 70.1
i 1 47.5 47.5 52.3 91.8 129 129.2
JR%RE 59.4 59.4 71.1 42.1 56.8 88.3
1% T, 37.5 62.5 71 38 58 86
SRe 45.2 88 111.1 88.4 92.2 93
Hibhz 34 35 62.4 66.2 88.8 106.4
HEZ 31.2 33.7 63 53.4 73.8 92
AP 32.2 35.9 63.2 55.2 67.6 95.6
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1977 47 A July, 1977 2013 4E 7 A July,1977

AR, IR 6h BERY L IR 12h BRI ROK 24h BRI oK 6h W& R 12h BRI JRoK 24h BRI
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
HEE 38.7 41.4 55.4 85.4 94 142.4
M 37.2 43.4 76.2 75 95.6 108.4
kA 34.1 44.5 44.8 85.6 110.0 110.4
KA 31.6 38.9 42.9 87.6 126.4 129.6
EEJL 34.4 58.5 58.5 92.2 139.2 139.6
SRR 35 67.8 72.1 108.2 115.6 121.8
iige/mm 48.8 66.1 83.7 69.8 85.2 97.2

3.2 BLKERIEXT LE AT
3.2.1 PRI EXT LA

FRAE H 4 B 1955—1980 4F-fie A3t £ 998k S 1917 ,1933 AR /K it 1 A WORE 04T e R B 3 3145
PR PR I PIME A 1250m’ /s, 200 47— 38 [ 5 K3 i 9200m°/s,1977 4F 7 H 6 H H 4 Bl S 5 Kt
U YL 1A 9050m’ /s, EVE AL T 1917 4FF1 1933 4F 8 H 7 H IJj s Kk /K it g3 i 6300m’ /s, i 1977 4F-4iEjn]
KK 200 4F—38" ) 1977 4E 7 A 5 HZE 6 HAYBK KBRS Kt b 7 A 5 B2 A
S BIIC A0 B, AR B B2 Wl B T R U W 1R T 1000m” /s, A el Pk A I R 0N L £ 320 m/s, 7
J 6 B AU s T RUE  H A TR P T R G R R 43 501 S5 3K 9050m° /s T 7200m’ /s,
AT FE AL 7 04 I e AR OB S T S ) D s R K ke, 2013 47 H 12 HE 13 H
LK RN ot/ NG SCH A B8 JEZE W 12 H R T 3K k%, 2350k 604m’/s Fl S16m°/s, i fIKF
25 3t D3 S R K R e B, AR A il s R R BRI (R 4)

R4 1977 £ 2013 £ 7 Ak BIERES H R KRR
Table 4 Flood peak flow of July 1977 and 2013 compared with historical flood

1977 AP I 2013 AF ki J3 s s R b K i e
— Flood peak of July,1977/(m?®/s) Flood peak of July,2013/(m?®/s) Peak flow of historical records /(m>/s)

7TH5H 7H6H THI12H 7THI13H Hb e i I i)

July 5 July 6 July 12 July 13 Peak flow(m?/s) Time

HAE 1060( 14:18) 9050(8:18) 604(15:00) 6300 1917
6300 1933.8.7

A 3060(3:30) 3100 1862

2050 1940

LTE 2710( Ji#x) 2190 1908
AP 320(18:00) 1510(4:30) 2330 1933.8.7

HEZ 1340(11:09) 7200(5:24) 516(10:54)

v B 52 UL R LI PO IR T 3R 10

322 UEKIKIPRFAEXT L A3

FE 2013 45 7 ABRKEIERT 1977 47 AWM T,2013 45 7 H 40l S ik ide it i | b 7 v i SRR A
L 1977 4 7 1 200N, 2% 0 s R 5 29360/ 66%0—90% , kI & v i A BE AN 1 0.7% , 5E % H A4
PN T 55%—80% ., e K 3h Wk EAHLL 1977 4E 7 HIB/N T 55%—96% , F:0 3h Fivb s/ N = AR 1977 4
7 A 10%., ATUAHEE 2013 47 A ,1977 4F 7 A KK SCREAEE R U/ , 358/ INEE K 1 HIsORR B R F ok
HEoK Bt R K ke (O, S0 i | RIS b 3h kAR 206 3h B b e A ) S AR RS B IO/ (3R
5).
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Table 5 Flow and sediment characteristics of July 1977 and 2013

e vt

S . K 3h it K 3h bR
P Sediment
Pry=y [65 R B [11) o5 T K Maximum 3-hour Maximum 3-hour
. . L Peak flow/ concentration . .
Sites Rain date Precipitation/mm flood volume/ sediment discharge/
(m/s) of flood peak / (10'm?) (10°)
(kg/m) " t
I 1977/7/4—1977/1/5 68.2 7200 662 5256 0.37
2013/7/11—2013/7/12 126.6 516 128 482 0.006
4 +85.6 -92.8 -81 -90.8 -98.4
H4+ 5% 1977/7/4—1971/7/5 57.7 9050 752 7344 0.56
2013/7/11—2013/7/12 155.8 926 334 3290 0.03
Bk +170 -90 -55.6 -55.2 -94.6
AL 1977/7/4—1971/7/5 69.8 1510 560 864 0.49
2013/7/11—2013/7/12 131.4 513 564 32.4 0.019
Giaia +88 -66 +0.7 -96 -96

3.2.3  PK L o b

1977 4 7 H &0l S 3K BA BBk BE bR DT B RE 05,2013 4F 7 H 453l i K BN Bk 22 95 L)
HEK AR K AR . 5 1977 4E 7 A AL, 2013 4F 7 H 4% 3l 55 kR Dy i A K S AR R R A T R
b, BEIK S DTEFA R T 2683min, K SR -0/ T 3388 7 m’, AT 2013 4F 7 H oK A SR
R ED, 51977 427 AAHH,2013 457 H Bk Bk D7 i AR PG D B b AR B A B 3] | 06 i AR
FNEE S5 AR T 7 K B AR T 0 L) & AR T g b AR b, SRk Dy i 7 oK R DT B B LA S AR T 5.4%
AR UE T A AR T LU B IE R T 5.4% , WERTAR I S UK B AR R A EL BB/ T 1.1% , 5 12 i
HEK AR B Y FEBIAH RSN T 1.1% SR vD 5 BOK AR I RBUR IEAH IO 2R Bl /K S AR I 1 Y
/1N, 2013 4 7 H K v i 220 (K 3—K1 6,3 6)

Q - 52000 2
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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
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Table 6 Flood process changes on July in 1977 and 2013 of Yanhe river basin

A [E] Time i 45, Sites T/min 4/ T/ % t,/T/ % 0/(10*m?) q,/Q/ % a4/ Q/ %
197747 H HiE L 998 12.2 87.8 7272 29.7 70.3
July, 1977 H 75 942 25.5 74.5 11880 32.7 67.3
AL 540 27.8 72.2 1123 29.7 70.3
- Average 827 21.8 78.2 6758 30.7 69.3
201347 H JL4Z 2670 17.1 82.9 2297 29.2 70.8
July,2013 Hae 3960 19.7 80.3 3290 28.8 81.2
k| 3900 12.3 87.7 4522 30.8 69.2
35 Average 3510 16.4 83.6 3370 29.6 73.4

T 4t/ BT The flood total duration/min,t, : K3t JI} Flood rising duration/min, t, : IB#EJTHF Flood falling duration/min ; Q : k7K S A2 i i The

total runoff/ ( 104m3) ,qy LRI Runoff before the peak /( 104m3) 0 &S AR Runoff after the peak/ ( 10*m? )
3.4 JeUbHRHEXT

2013 AR LEWAR IR e VP AL 1977 454 B AR #1977 AERiA2/N T 0.01mm AYJE T B 53 5 S E 110
15% 17 2013 4FA142/N T 0.01mm B VD E o B FE i 9 U B30 40% , 1977 4ERi42 KT 0. 1mm B IR VD
B REREMN 14% 110 2013 R KT 0.1mm IRV E R S A E &0 AR E 10% " (E 7).,
4 Itig

HE LA, 2013 4F 7 F WK S I BERE R R SRR 1977 487 A, H ISR ED S 1977 4 7 H
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Table 7 Cumulative area and ratios of soil and water conservation in Yanhe River Basin measures

Bh A o Wi wwE
o Terrace Check dam Afforestation Grass planting Total sy Al
AEAY Year i e . T area/ Total
% % ) % ) % 2 percentage/ %
Area/km? Area/km? Area/km”~ Area/km km
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
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Fig.8 The trends between runoff,sediment and vegetation coverage
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