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Analysis of spatial and temporal variation characteristics and coordination of
water-sediment in the north main reach of Yellow River
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Abstract: In order to investigate the temporal and spatial variations patterns and trends of runoff and sediment in the northern main
reach of Yellow River, by adopting various methods including Mann-Kendall test, abrupt change analysis, wavelet analysis, and
coordination analysis of water-sediment relationship, this study analyzed the variations of water and sediment for the hydrological
stations of Toudaoguai, Longmen and Tongguan, based on the water and sediment data along the northern reach of Yellow River from
2002 to 2021. The findings revealed that the unevenness and concentration of sediment were greater than those of runoff, and the intra-
annual characteristic variations exhibited more significant. Concentrated period for runoff was primarily in September, while sediment
was mainly concentrated in August and September. Significant abrupt changes in water-sediment characteristics occurred in 2005 and
2017, which may be related to the regulatory impact of large-scale water conservancy projects in recent years. The dominant
periodicities for water-sediment sequences were found to be 13 years, 10 years, and 9 years for Toudaoguai, Longmen, and Tongguan
stations, respectively. Before 2008, the water-sediment relationship indicated sediment dominance over water, while after 2008, the
trend shifted to water dominance. Particularly, sediment yield coefficient at Toudaoguai remained consistently below 0. 009, indicating
the persistent water dominance. Overall, the trend showed a continuous increase in runoff while sediment witnessed a noticeable
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decrease, showing an increasingly significant trend towards runoff dominance over sediment.
Key words: north main reach of Yellow River; variation of water and sediment; wavelet analysis method; Mann-Kendall test method ;
degree of incoordination
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Table 1 Annual allocation value of runoff at each station

IR 3Lk ESRARINE='S ABERE R ERE EhE/ % et WAL WA w
MEirms () BORAREE A 5
2002—2006 4 0.39 0.64 0.03 338.56 3 2.94 13.71
. 2007—2011 4F 0.39 0.49 0.06 3.22 9 2.90 16. 68
SSEE
2012—2016 4F 0.42 0.49 0.16 51.07 9 3.82 22.71
2017—2021 4 0.47 0.53 0.27 48.32 9 3.98 32.70
2002—2006 4F 0.32 0.55 0.06 45.73 9 2.83 14.23
W 2007—2011 4F 0.36 0.47 0.06 9.20 9 3.08 18. 66
' 2012—2016 4F 0.42 0.59 0.18 43.26 9 4.18 23.63
2017—2021 4 0.42 0.51 0.25 43.79 9 3.23 29.85
2002—2006 4F 0.40 0.49 0.16 67.80 9 3.49 23.03
N 2007—2011 4F 0.42 0.57 0.15 52.81 9 3.81 30.17
LIS 2012—2016 4F 0.42 0.58 0.20 41.26 9 3.30 27.95
2017—2021 4 0.52 0.56 0.31 51.01 9 3.91 45.54
x2 WYENSEERE
Table 2 Annual allocation value of sediment at each station
AR
IRk guitat Bt A FE AR EPE/ % HRAH L W2/ 77 t
ST (0) RO EH 5
2002—2006 4F 0.81 0.65 0.25 23.39 9 25.83 795.35
. 2007—2011 4 0.87 0.78 0.25 6.39 9 42.27 1172.65
S EES

2012—2016 4F 0.89 0.76 0.44 30.07 9 25.69 994.52
2017—2021 4F 0.83 0.68 0.52 29.11 9 47.86 1634.52
2002—2006 4F- 1.38 0.84 0.70 16.07 8 42.51 6700. 60
. 2007—2011 4 1.03 0.77 0.40 23.86 9 23.76 1825.11
T 2012—2016 4F 1.75 0.89 0.80 20.08 7 618.25 4883.69
2017—2021 4F 1.65 0.84 0.81 39.03 8 108. 66 7329.44
2002—2006 4F- 1.05 0.75 0.56 35.46 8 25.71 11331.44
o 2007—2011 4 1.07 0.74 0.49 36.66 8 19.97 4546.74
' X 2012—2016 4F 1.32 0.75 0.64 17.79 7 23.68 5375.80
2017—2021 4F 1.21 0.85 0.69 47.39 9 25.02 5049. 80
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Fig.3 Variation trends of runoff and sediment
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