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Runoff-sediment relationship and driving force of typical watershed in the third sub-region of hilly
loess area, northwestern China. Journal of Beijing Forestry University (2015)37(7) 85-93 [ Ch, 30 ref. ]
1 School of Soil and Water Conservation, Beijing Forestry University, Beijing,100083, P. R. China;
2 China Institute of Water Resources and Hydropower Research, Beijing,100044, P. R. China.
Research on the relationship between runoff and sediment in the watershed is the foundation of
constructing the models of regional water loss and soil erosion and evaluating the benefit of soil and water
conservation measures. To investigate the effect of climate and land use change on runoff-sediment
relationship, we selected Luoyugou Watershed, a typical small watershed in the hilly loess region,
northwestern China, as study object. Hydrological element cumulative anomaly, Mann-Kendall trend
test, double mass curve and other methods were applied to analyze the evolution process of the
relationship between runoff and sediment and its driving forces in the period of 1986—2010 as well as the
quantitative effects of driving factors. The results were as follows: 1) An abrupt change of runoff in the
watershed happened in 1993, and runoff and sediment yield during the period of 1994—2010 was
reduced by more than 50% compared with that during the period of 1986—1993 under different rainfall
conditions. 2) Optimization on land use structures would positively influence the hydrological process and
sediment yield. Those warping dams are helpful to reduce significantly the sediment yield in a given unit
of runoff through altering the relationship between runoff and sediment. 3) Precipitation and the change
of landuse caused by human activities contributed to reductions in runoff by 18. 48% and 81.52% , and
in sediment yield by 27. 15% and 72. 85% , respectively.

Key words relationship between runoff and sediment; landuse; driving factors; quantitative evaluation
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Fig. 1 Distribution of precipitation stations in the Luoyugou Watershed
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Tab.1 Types and changes of landuse in the Luoyugou Watershed
1986 1995 2001 2008 AL E 43 EE Percentage of change/ %
T HUA 2R T LLf [IEA Le il I e I Le
1986— 1995— 2001—
Landuse type Area/  Proportion/ Area/ Proportion/ Area/ Proportion/ Area/ Proportion/
1995 2001 2008
km? % km? % km? % km? %
B Terrace 3.09 4.25 39.05 53.65 39.03 53.62 39.76 54.62 1163.75 -0.05 1. 87
Bk
49.23 67.63 11.23 15.43 11.18 15.36 9.49 13. 04 -77.19 -0.45 -15.12
Slope farmland
M Forestland 7.89 10. 84 9.97 13.70 10. 06 13. 82 10. 13 13.92 26.36 0.90 0.70
B Grassland 6.76 9.29 6. 63 9.11 6.59 9.05 5.05 6.94 -1.92 -0.60 -23.37
FHE Villages 2.69 3.70 2.68 3.68 2.69 3.70 3.25 4.46 -0.37 0.37  20.82
2L Orchards 2.07 2.84 2.17 2.98 2.18 2.99 4.27 5.87 4.83 0. 46 95. 87
7K Water 1. 06 1. 46 1. 06 1. 46 1. 06 1.46 0. 84 1.15 0. 00 0.00 -20.75
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KD R ETL
B E R 1986—2010 4E K& A E R
P EABAERRIE LR 2, &2 7R, 1994 4 2Z HiffE
TR VD 1) AR AL S R K AR A BT — 3 51994 A2
JETEREKA BT A G 00 R 428 i i P VD i 2 A

2.1

Wik /N F, DL 1994 AF O 43 A5 SR Mann-
Kendall 46567 43 51 %) it 5% 1986—1993 4F (HiH ) |
1994—2010 4F (J5 ) Bk A2 AR v s 47 ke ek
ST (R 2) EHR I a R 5K 2 Bos A —2, BVET
WK > (R IR GEIHE Z i) | JE WK
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45,48 x 10* m® F12.68 x 10* m® A3 RAE B, 5
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Tab.2 Mann-Kendall trend analysis of runoff and sediment yield in the Luoyugou Watershed in varied periods

1986—1993 1994—2010
R BEVRF AR R BEMRF AR E R
k MK DRIV IR \**‘:7 . B IV IR0 Y
Hydrological ¥ - PRI - TR
A Significance  Average annual A Significance ~ Average annual
elements Mean Mean

level changing rate level changing rate
[# 7K & Precipitation/mm 524. 87 -0.03 0.01 27.48 501. 91 0. 69 0.01 3.01
R Runoff/10* m? 364. 98 -0.93 0.01 5.48 114.58 -0.83 0.01 2.68
Hivb i Sediment yield/10* t  52.18 -1.14 0.01 0.18 22.66 0. 00 0.01 0. 06
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Fig.2 Changing trends of hydrological elements

in the Luoyugou Watershed
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Fig.3  Characteristics of abrupt changes for runoff and
sediment yield in the Luoyugou Watershed
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Tab.3  Runoff and erosion modulus under different precipitation frequencies

IKPAE IKICEFR AR
1986—1993 1994—2010
Level years Hydrological elements Rate of change/%
SEXREIK Average precipitation/mm 645. 83 657. 20 1.76
FIKAE Wet year SEIGAZFIR Average runoff depth/mm 70. 06 31.88 —54.50
SR AL Average erosion modulus/(t-km~2-a~") 11 928. 08 5764.28 -51.67
F-HREIK Average precipitation/mm 500. 97 465. 14 -7.15
FPIKAE Normal year  “FIJFEIREIR Average runoff depth/mm 43.70 14.23 -67. 44
SRS Average erosion modulus/ (t-km~2-a~!) 6062. 24 4316.23 -28. 80
YR IK Average precipitation/mm 379. 30 367.22 -3.18
A 7KAE Dry year SEIARFIR Average runoff depth/mm 29.94 4.96 -83.44
- Average erosion modulus/ (t-km~2+a~") 1 884.99 914.52 -51.48
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Fig.4 Relationship between runoff and sediment

yield during different land use periods
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Tab.4 Statistics of individual rainfall in the Luoyugou Watershed

BB Geit FR 5% Rainfall intensity
Period Items /RN Light rain FFF Moderate rain KW Heavy rain
Y Number of times 5 17 4
1986—1993 ,A
B Frequency/ % 19.23 65.38 15.38
YKEL Number of times 23 25 11
1994—2010
HiR Frequency/ % 38.98 42.37 18. 64
€1986—1993  01994—2010 —— ZRPE(1986—1993)  ---- £ {4(1994—2010)
Linear(1986—1993) Linear(1994—2010)
4500 30000 30 000
= <2.5 mm/min * 2.5~8.0 mm/min A >8.0 mm/min °
i:; 24 000 24 000 3
; ¥=729.85x,+286.43 .5
235453, 10066 18000 18000F  R=0.98
R=0.97 § =773.73x ~454.63
) 12000 R2=0.96 12 000+ .
———— TR 00 g 6000 7 =69885¢ 29129
o .--""y,=70.53x,+130.28 ® ¥ =264.67x,473.795 R*=0.89
I R=0.50 E‘\ R2=0|.88 ] I I I 1
0 10 20 0 10 20 30 40 0 10 20 30 40

R Runoff depth/mm

B

£ Rmoff depth/mm

BRI R T K TR
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Fig.5 Relationship between runoff and sediment yield under different precipitations in Luoyugou Watershed
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Fig.6 Double accumulative curves of rainfall-runoff and rainfall-sediment yield in the Luoyugou Watershed
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Tab.5 Regression equations of double accumulative curves for rainfall-runoff ( sediment yield) during the basic period

in the Luoyugou Watershed

IKICER AR SE BRITEE AR
mE 25 Ak
Hydrological Accumulative Accumulative Rate of
Regression equation Variation
elements measured values calculated values change/ %
Y R=0.67 Y P+218.84
i Runoff/10* m® 4 867.75 8787.21 -3919.45 80. 52
(R*=0.98)
Y $5=0.10 Y, P+53.92
K4 Sediment yield/10* t 802.73 1288.89 —486. 16 60. 56

(R*=0.89)

R FRRWE,S TRV E . Notes: R means runoff, S means sediment yield.
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Tab.6 Contribution percentages of rainfall and human activities on the runoff and sediment yield in the Luoyugou Watershed

SR e R AR I ELEES [ 7K B2 Tmpact NZE06 S5
AKICE R S By Averase annual  Average annual Difference of precipitation Impact of human activities
t=) t=)
Hydrological Typical TR
amount of amount of  ZEAL{H T ErE ALE [Epigia
elements period Rate o
measured values calculated values Change hanee/ % Change  Percent/% Change Percent/ %
change/%
(s 1986—1993 364.99 367.93
Runoff/10* m? 1994—2010 114.58 318.72 -250. 41 68. 61 -46.27 18. 48 -204. 14 81.52
Lkl 1986—1993 52.18 54.74
Sediment yield/10* t  1994—2010 22.66 44.17 -29.52  56.57 -8.01 27.15 -21.51 72.85
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TR UD R BCRTIHA TR B, B TR A X D ks
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- b R I E) 3 KA T 2 5, (HLE o K o 72 R A/
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