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Abstract：  

The channel boundary conditions along the Lower Yellow River (LYR) have been altered 

significantly since the 1950s with the continual reinforcement and construction of both main 

and secondary dykes and river training works. To evaluate how the confined complex 

channel-floodplain system of the LYR responds to floods, this study presents a detailed 

investigation of the relationship between the tempo-spatial distribution of 

sedimentation/erosion and overbank floods occurred in the LYR. For large overbank floods, 

we found that when the sediment transport coefficient (ratio of sediment concentration of 

flow to flow discharge) is less than 0.034, the bankfull channel is subject to significant 

erosion, while the main and secondary floodplains both accumulate sediment. The amount of 

sediment deposited on the main and secondary floodplains is closely related to the ratio of 
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peak discharge to bankfull discharge, volume of water flowing over the floodplains and 

sediment concentration of overbank flow, while the degree of erosion in the bankfull channel 

is related to the amount of sediment deposited on the main and secondary floodplains, water 

volume and sediment load in flood season. The significant increase in erosion in the bankfull 

channel is due to the construction of the main and secondary dykes and river training works, 

which are largely in a wide and narrow alternated pattern along the LYR such that the water 

flowing over wider floodplains returns to the channel downstream after it drops sediment. For 

small overbank floods, the bankfull channel is subject to erosion when the sediment transport 

coefficient is less than 0.028, while the amount of sediment deposited on the secondary 

floodplain is associated closely with the sediment concentration of flow. Over the entire 

length of the LYR, the situation of erosion in the bankfull channel and sediment deposition on 

the main and secondary floodplains occurred mainly in the upper reach of the LYR, in which 

a channel wandering in planform has been well developed. 

 

Key words: Overbank floods; Channel-floodplain interaction; Sedimentation; Erosion; 

Lower Yellow River 

 



 

 

This article is protected by copyright. All rights reserved. 

1 Introduction  

Floodplains display diverse forms because they evolve from complex processes (Nanson and 

Croke, 1992; Lewin et al., 2016). During these processes, anthropogenic influences on 

floodplain development have been of increasing concern, especially in lowland riverine areas 

(Newson, 1989; Parker, 1995; Hudson and Middelkoop, 2015). To assess the spatial 

distribution of sediment deposition in floodplains, numerical models, field sampling and 

surveys, and various mapping methods have commonly been applied (James, 1985; Pizzuto, 

1987; Howard, 1992; Mertes, 1994; Dunne et al., 1998). Recently, dating methods have 

gained wide applications, with a focus on the evaluation of floodplain accumulation rates (He 

and Walling, 1996; Nicholas and Walling, 1997; Allison et al., 1998; Goodbred and Kuehl, 

1998; Latrubesse and Franzinelli, 2002; Aalto et al., 2008; Day et al., 2008).  

 Floodplain sedimentation rates vary with the frequency, duration, magnitude and 

suspended sediment concentration of floods (Brown, 1983; James, 1985; Marriott, 1992; 

Asselman and Middlekoop, 1995; Gomez et al., 1995; Magilligan et al., 1998), the degree of 

river training (Wu et al., 2005), and many other factors (e.g., Aalto et al., 2003). When the 

effects of human activities are significant, however, very different floodplain sedimentation 

rates can be produced. In 1973 Mississippi River flood, floodplain deposition in Louisiana 

along the lower Mississippi ranged in thickness from 11 to 530 mm (Kesel et al., 1974). This 

is in contrast to the investigation of Benedetti (2003) who identified a regional mean rate of 

1.4 mm yr
-1

 over the last 2500 years for floodplain sedimentation in the upper Mississippi 

River. Although the short-term accretion rate of the floodplain in the lower Mississippi is 

much larger than the long-term averaged value, it appears declining in recent decades, 8.0 to 

14.4 mm yr
-1

 since 1954 and 4.4 to 14.2 mm yr
-1

 since 1964. The decreasing sedimentation 

rate reflects the growing practices of soil conservation in the upper Mississippi River basin 

over the last half-century (Benedetti, 2003).  
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With the continual growth in human population and fast urbanization in many parts of 

the world, land has become much more valuable. To protect this valuable resource from flood 

inundation, a lot of river embankment activities have taken place in recent decades. This 

limits considerably the inundating space of large floods and yet results in much higher 

sedimentation rates on floodplains and much more complex channel-floodplain interactions 

(Newson, 1989; Parker, 1995; Wu et al., 2005; Hudson and Middelkoop, 2015). The Lower 

Yellow River (LYR) is a typical case of this kind and has been confined to a dyke-lined 

course over a length of 876 km. Over the last 70 years much of the river management effort 

has been devoted to improving the capacity of flood prevention in the confined 

channel-floodplain system because the floodplains and riverbed all continue rising until the 

Xiaolangdi Dam started to impound water in 1999 (Wu et al., 2005). With the continual 

reinforcement of the main dykes since the 1950s and the construction of the secondary dikes 

by local farmers since the 1960s, the secondary floodplain has gained well development 

along most reaches of the LYR (Hu and Zhang, 2006; Hu et al., 2006). These changes in the 

river channel boundary have made it necessary to categorize overbank floods in the LYR into 

large and small types in terms of the possible extent of their inundation on the floodplains 

(Zhang et al., 2006; Yao et al., 2007). Large overbank floods are those during which 

floodwater reaches up to the main dykes, while during small overbank floods, floodwater 

reaches only as far as the secondary dykes, and does not inundate the floodplain beyond the 

secondary dykes. 

To understand the complex channel-floodplain interaction of the LYR, a large number of 

studies have been conducted, focusing on the spatial distribution of sediment deposition 

during large floods (Liu et al., 1986; Shen et al., 2006; Yao et al., 2007; Hou et al., 2010; Li 

et al., 2011). Although significant advances have been made in previous studies, there has 

been an ongoing debate over the functions of overbank floods in the LYR. Some argued that 
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overbank floods can result in “floodplain deposition and erosion in bankfull channel” and so 

are helpful to alleviate the present problem of the LYR, in which due to the construction of 

the secondary dykes a higher perched river channel has been developed from the already 

perched river. On the contrary, the others claimed that overbank floods do not always result in 

“floodplain deposition and erosion in bankfull channel”, but may bring about sediment 

deposition not only on the main and secondary floodplains but also in the bankfull channel, 

which will exacerbate the perched situation of the LYR (e.g., Qi et al., 2005; Zhang et al., 

2006). Typically, since 1986 both water and sediment input into the LYR have reduced 

dramatically due to the regulation of several large reservoirs constructed in the upper and 

middle basin and the long-term practice of water and soil conservation in the whole drainage 

basin. Meanwhile, overbank floods in the LYR occur much less frequently and with much 

smaller magnitudes than before (Xu, 2004; Chen et al., 2012; Xia et al., 2014). Proposals 

have been made recently for inputting more overbank floods to the LYR through regulating 

several large reservoirs so as to scour down the riverbed of the LYR and relatively build up 

higher floodplains (e.g., Hou et al., 2010; Zhang et al., 2016). To clarify the confusion over 

the effects of overbank floods in the confined complex channel-floodplain system of the LYR, 

this study presents a detailed investigation of the relationship between the tempo-spatial 

distribution of sedimentation/erosion and the types of overbank floods occurred in the LYR 

since the 1950s.  

 

2 Geomorphological characteristics of the Lower Yellow River  

The Yellow River flows into the North China Plain initially in an easterly direction and 

then following a northeastern course to the Bohai Sea (part of the Yellow Sea) (Fig. 1). The 

length of the Lower Yellow River (LYR) is 878 km. Over the last 70 years, the riverbed of the 

LYR has experienced an intermittent rise due to sedimentation with an average rate of 5~100 

http://cn.bing.com/dict/search?q=North&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=China&FORM=BDVSP6&mkt=zh-cn
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mm yr
-1

 and on average the river bed at present is around 3-5 m higher than the level of the 

ground outside the main dykes, with some parts of the riverbed even more than 10 m higher 

than the ground where millions of people are living. This has resulted in a so-called 

“perched” or “hung” river (Fig. 2). The channel of the LYR at bankfull is wide in the upper 

reach and yet narrows to a considerable degree in the downstream reach, with a gradient steep 

upstream and gentle downstream. In terms of geomorphic features, the LYR has been divided 

into three reaches: upper, middle and lower. The upper reach is 299 km long, from the 

Xiaolangdi Dam (XLD) to Gaocun gauging station. Two major tributaries enter the Yellow 

River in this reach, the Qinhe River on the left bank and the Yiluohe River on the right bank. 

The spacing between the opposite main dykes that have been continuously reinforced since 

the 1950s is 5-20 km in this reach. This reach exhibits a wandering river planform (Fig. 3), 

with a very wide and shallow channel at bankfull, in which a meandering streamline and 

numerous sandbars are subject to frequent migration due to continual sediment deposition 

(Qian and Zhou, 1965; Qian et al., 1987).  

The middle reach of the LYR, 165 km in length, extends from Gaocun gauging station to 

Taochengpu cross-profile (35.6 km downstream of Sunkou gauging station). The spacing 

between the opposite main dykes in the reach is 1.2-8.9 km, and two major tributaries, 

Tianranwenyanqu canal and the Jindihe River, converge into the left bank of the river. The 

river in this reach displays a transitional channel planform, varying from a wandering pattern 

gradually to a much less migrating meandering one. The lower reach of the LYR covers the 

final 322 km, from Taochengpu cross-profile to Lijin gauging station located at the entrance 

of the river estuary. The longitudinal slope of this reach is about 0.01%, and the channel at 

bankfull is relatively narrow and deep. Along most of this reach the channel at bankfull is 

relatively stable as it is restricted laterally by tight river training works on both sides of the 

bankfull channel (Fig. 3), only 0.4-5 km apart. A typical meandering channel in planform is 
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taken by the river in this reach (Qian et al., 1987).  

The cross-profiles of the LYR consist of a bankfull channel, a secondary floodplain, 

which extends from the edge of the bankfull channel to the secondary dykes that have been 

constructed by local farmers since the 1960s, and a main floodplain lying between the 

secondary and main dykes, as shown in Fig. 2. The secondary floodplain has been formed by 

sediment deposited during the migration of river channel and has a small transverse slope, 

with little vegetation cover and low flow resistance. The main floodplain of the LYR has been 

extensively populated at most places (around 180 million in total in the entire LYR), with 

extensive infrastructure (villages, roads) and large areas of farmland. These factors increase 

flow resistance to such a degree that the main floodplain has a smaller capacity for flow 

discharging than the secondary floodplain and the bankfull channel. Before the early 1960s, 

there were few river training works along the LYR. However, after the Sanmenxia Dam was 

constructed in 1960, there have been major changes in flow-sediment regime into the LYR, 

typically a marked decrease in sediment supply during 1960-1962 due to the water 

impoundment of the Sanmenxia Reservoir, resulting in extensive bank erosion in the LYR 

(Ma et al., 2012). This led to a rapid construction of river control projects along the LYR in 

the late 1960s, and river training works continue to be constructed until today, although by 

2000 most of the works were practically completed. At the same time, in order to protect their 

homes and farmland, residents in the main floodplain have continually constructed small 

dykes on the two sides of the bankfull channel, forming a complex channel-floodplain system 

that constitutes two levels of floodplain along the LYR. In addition to the main dykes, the 

river training works and the secondary dykes have also played a role in controlling overbank 

floods to a considerable degree (Wu et al., 2005; Hu and Zhang, 2006; Hu et al., 2006; Zhang 

et al., 2016).  
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3 Data sources and research methods 

3.1 Data sources 

There are seven gauging stations along the LYR, respectively at Huayunkou, Jiahetan, 

Gaocun, Sunkou, Aishan, Luokou and Lijin (see Fig. 1), most of which were set up by the 

Yellow River Water Conservancy Commission of China since 1950. Data used in this paper 

cover the period from 1950 to 2014, and include daily flow discharge, suspended sediment 

concentration and sediment discharge observed at the seven gauging stations. In addition, the 

dataset of the cross-profiles lying between the two opposite main dykes of the LYR as shown 

in Fig. 2 that have been measured is also deployed. There were ninety three cross-profiles that 

were measured in 1960 along the LYR at an around 8 km spacing. After 1999, the number 

increased to 329, reducing the spacing to about 2.3 km. The cross-profiles of the LYR have 

been measured twice a year, separately at the starting and ending times of flood season, or 

before July and after October each year. All of these data are collected from the hydrology 

yearbooks of the Yellow River drainage basin, which have been made available by the Yellow 

River Water Conservancy Commission of China.  

3.2 Research methods 

The amount of erosion or sediment deposition occurred in the LYR has been calculated 

using a sediment discharge method or a cross-profile method. The former examines the 

difference between sediment input at an upstream gauging station and sediment output at a 

downstream gauging station at the starting and ending times of each flood. The latter method 

takes four steps: (1) calculating the area differences in the bankfull channel and the main and 

secondary floodplains between two adjacent cross-profiles in terms of the corresponding 

measurements respectively at the starting and ending times of flood season (from July to 

October each year) (Fig. 4); (2) multiplying the means of the area differences by the distance 

between the two cross-profiles; (3) using a conversion factor of 1.65 to convert from m
3
 to 
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metric tons; and (4) calculating the amount of erosion or deposition in the bankfull channel 

by subtracting the deposition in the main and secondary floodplains from the total 

erosion/deposition between two adjacent cross-profiles. Hence, the cross-profile method 

calculates the volume of erosion or deposition between two adjacent cross-profiles,ΔV , in 

the form of: 

ΔV=(ΔSz,1+ΔSz,2)L/2                           (1) 

where ΔSz,1 is the area difference of cross-profile 1 during flood season, ΔSz,2 is the area 

difference of cross-profile 2 adjacent to cross-profile 1 during flood season, and L is the 

distance between the two adjacent cross-profiles.  

 Shen et al. (2006) suggested that there were systematic differences between the results 

of erosion and/or sedimentation distributed in the complex channel-floodplain system of the 

LYR calculated using the cross-profile and the sediment discharge methods. They showed 

that the sediment discharge method produced larger sedimentation values than the 

cross-profile method in the reach above Huayuankou gauging station, close values in the 

reach from Huayuankou to Gaocun gauging stations, smaller values in the reach from Gaocun 

to Aishan gauging stations, and close values in the final reach from Aishan to Lijin gauging 

stations. The cross-profile method has been regarded as a better option because it does not 

yield accumulated error. Nevertheless, the cross-profiles of the LYR have been measured only 

twice a year, separately in the starting and ending times of flood season, or before July and 

after October each year. Hence, the cross-profile method yields the spatial distribution of 

erosion/deposition in the channel-floodplain system for all floods occurred in the entire flood 

season other than for each individual flood. In contrast, the sediment discharge method has an 

advantage of yielding the total amount of sedimentation/erosion for each individual flood and 

yet cannot yield the distribution of deposition/erosion in all parts of the entire cross-profile. 

As a result, the sediment discharge method has been used to calculate the total amount of 
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erosion/deposition for each flood and the results were then adjusted using a coefficient of 

modification for sediment discharge (K). As detailed by Li and Long (1994), the coefficient K 

is defined as the ratio of Qsmep to Qsm, in which Qsmep is the total sediment discharge 

calculated by the “Modified Einstein Procedure”
 
and Qsm is the measured sediment discharge. 

Because the coefficient K is correlated with the sediment concentration of flow, it was 

whitened by a whitening function and the whitened K value was multiplied by Qsm to obtain 

the modified sediment discharge Qsmod. 

In line with the continual development of empirical methods, Liu et al. (1986) developed 

a computational method to determine the distribution of sedimentation for each reach 

between two adjacent cross-profiles of the LYR during large floods, by incorporating the 

sediment carrying capacity formula proposed by Zhang (1998) into the Muskingum 

hydrological model. With this method and using measured cross-profile data and 

sedimentation survey reports for calibration, they calculated the distribution of 

erosion/deposition in the bankfull channel and on the main and secondary floodplains along 

the entire LYR for all large floods observed since 1950. Their results have been regarded as 

the most reliable so far and so we adopt them in this study.  

Previous studies on the fluvial process of the LYR have shown in many occasions that 

the sediment transport coefficient C/Q, or the ratio of sediment concentration of flow to flow 

discharge, is a good indicator of the regime of water and sediment transported (Qian and 

Zhou, 1965; Xu, 2004; Hu et al., 2006). Hence, this coefficient is used in this study as a key 

parameter to understand the erosion and sedimentation dynamics of large floods in the 

complex channel-floodplain system of the LYR. 

Sediment transport in the LYR occurs mainly in flood periods and the distribution of 

sedimentation over the floodplains and the bankfull channel differs from one flood to another. 

To evaluate the differences in the distribution, overbank floods in the LYR have been divided 
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into two types, large and small, using two different methods. The first method is based on the 

extent of water inundation (Yao et al., 2007). According to this method, large overbank floods 

are those in which water can flow over the top of the secondary dykes and reaches up to the 

main dykes, while small overbank floods reach only as far as the secondary dykes (Fig. 2). 

The second method is based on the ratio of peak discharge Qmax to bankfull discharge Qp 

(Zhang et al., 2006). In this method, large overbank floods are defined as those during which 

peak discharge (Qmax) is larger than 1.5 times bankfull discharge (Qp), or Qmax/Qp>1.5, while 

small overbank floods are those during which peak discharge is 1.0-1.5 times bankfull 

discharge, 1.0<Qmax/Qp≤1.5. The two methods have different advantages and disadvantages. 

The first has a difficulty in accurately reflecting the inundating boundaries of overbank floods, 

while the second method can filter out some large overbank floods from a flood series. To 

overcome the disadvantages of the two methods, we adopt an integrated classification method 

in this study. At the first stage, all overbank floods are classified into large and small ones 

using the overbank coefficient Qmax/Qp. Then, the amounts of erosion/deposition in the 

bankfull channel and on the main and secondary floodplains are calculated separately for 

large and small overbank floods using the measured cross-profile data and sedimentation 

survey reports. Finally, small and large overbank floods are re-classified on the basis of actual 

sedimentation areas.  

 

4 Changes in runoff, sediment load and floods 

4.1 Changes in runoff and sediment load  

The runoff of most Chinese rivers has been decreasing in recent years and the LYR is no 

exception (Xu, 2004; Ma et al., 2012; Zhang et al., 2016). Fig. 5 presents the annual runoff 

and annual suspended sediment load observed during 1950 to 2014 at Huayuankou gauging 

station, located in the upper LYR and about 129.6 km downstream of the Xiaolangdi Dam 
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(Fig. 1). The data show a declining trend in both runoff and sediment load since 1965, with 

the decline in the latter especially marked after 2000. The average annual runoff at 

Huayuankou station during 1950-2014 was 372×10
8 

m
3
, and the average annual sediment 

load was 8.4×10
8 

tons, while since 2000 the average annual runoff declined to 255×10
8
 m

3
, 

and the average sediment load was only 0.9×10
8
 tons. The average annual runoff after 2000 

was 69% of the long term average (1950-2014), and the average annual sediment load only 

11%. With the Xiaolangdi Reservoir coming into full operation in 2002, a Water and 

Sediment Regulation Scheme (WSRS) has been implemented since then. As detailed by Ma 

et al. (2012) and Zhou et al. (2015), this scheme takes the advantages of the large volume of 

the Xiaolangdi Reservoir and the location of the dam at the entrance of the LYR, and, in a 

joint operation with the upstream Longyangxia, Liujiaxia, Sanmenxia and Wanjiazhai 

Reservoirs, releases water and sediment load into the LYR under a considerable degree of 

control. The operational modes of the WSRS scheme are mainly: (1) supplying sufficient 

water to the LYR and the estuary of the Yellow River so as to make the regional ecosystems 

sustainable; and (2) storing clear water and yet discharging sediment-laded flow, typically 

large floods so as to prevent the Xiaolangdi Reservoir from losing volume at a fast speed.   

4.2 Types of overbank floods 

Different overbank floods have different capacities to shape the channel and the 

floodplains of the LYR. Although large overbank floods cause serious problems to floodplain 

users and flood-protecting agents, they mostly result in erosion in the channel and deposition 

on the floodplains, which leads to a net increase in the discharging capacity of the channel. 

Indeed, there is a saying of “large floods often form good channels” in China (Qian et al., 

1987). For example, the LYR overbank flood occurred in July 1958 resulted in 10.7×10
8
 

tons of floodplain deposition and 8.6×10
8
 ton of erosion in the bankfull channel (Qian and 

Zhou, 1965). Therefore, overbank floods have played a very important role in shaping the 
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bankfull channel and in distributing sediment deposition across the floodplains in the LYR.  

Among all floods occurred at Huayuankou station since 1950, 44 of them have overbank 

coefficients, or Qmax/Qp, larger than 1.0 (Fig. 6), including 16 floods with Qmax/Qp>1.5 and 28 

floods with 1.0<Qmax/Qp≤1.5. However, it is necessary to consider the effect of flood duration 

as it can impact on the inundating extent of floods. When flooding duration is short, overbank 

floods with overbank coefficients greater than 1.5 can rarely reach the main dykes, resulting 

in little deposition on the main floodplain. These floods are thus excluded from the category 

of large overbank floods and re-classed into the category of small overbank floods. Hence, 

large overbank floods are defined in this study as those during which sediment deposition 

occurred on both of the main and secondary floodplains, while small overbank floods refer to 

those during which sediment deposition occurred predominantly on the secondary floodplain. 

With this definition, we classified all overbank floods observed at Huayuankou station since 

1950 into 12 large overbank floods (Table 1) and 31 small overbank floods (Table 2).  

It can be noticed in Table 1 that nearly a half of the large overbank floods occurred at 

Huayuankou station before the Sanmenxia Reservoir was constructed in 1960. The 

Sanmenxia Reservoir initially had a capacity of controlling 89% of the runoff and 98% of 

sediment input from the upstream (Pan et al., 2006). When water and sediment were 

impounded in the Sanmenxia Reservoir during 1960-1964, marked erosion occurred in the 

channel of the LYR, often accompanied by bank collapses. To prevent the banks of the 

channel from collapsing, a lot of river training works have been put in place since 1960. 

During the period 1965-1973, the operating mode of the Sanmenxia Reservoir was changed 

to flood retardation and sediment release from the reservoir. This led to considerable 

sediment deposition in the channel of the LYR and a rapid decrease in the discharging 

capacity of the channel over the period. During 1974-1985, large overbank floods occurred 

less frequently in the LYR, only five in total. Since 1986, only one large overbank flood 

http://cn.bing.com/dict/search?q=bank&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=collapse&FORM=BDVSP6&mkt=zh-cn
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occurred. This is partly due to the construction of the Longyangxia Reservoir in the upper 

Yellow River in 1986, the largest reservoir in the Yellow River drainage basin, which reduces 

the peak discharges of floods into the LYR considerably and also makes overbank floods 

occur less frequently in the LYR (Ma et al., 2012).  

During 16-21 June 1958, the LYR experienced the largest flood in record with a peak 

flow discharge of 22,300 m
3
s

-1
 observed at Huayuankou gauging station. Since then the flow 

discharge of 22,300 m
3
s

-1
 has been treated as the standard of the LYR for flood prevention. 

The flood was a typical rainfall event, with heavy rainfall falling over the drainage area from 

the Sanmenxia Reservoir to Huayuankou station, covering the drainage basins of the Yiluohe 

River and Qinhe River tributaries. During the flood, the highest water level at Huayuankou 

station reached 93.82 m, 0.09 m higher than the previously recorded highest in 1933, and the 

water reached the main dykes almost throughout the entire LYR with a depth of about 4-6 m, 

lasting for 35-80 hours. This large overbank flood resulted in sedimentation of 10.7×10
8
 tons 

on the floodplain, which was twice of the incoming sediment load, while the bankfull channel 

was subject to erosion of 8.6×10
8
 tons at the same time. 

The second largest flood on record at Huayuankou station occurred in August 1982, with 

a peak discharge of 15,300 m
3
s

-1
. The total volume of water in seven days reached 5.02×10

8
 

m
3
, and the flood duration for flow discharges of larger than 10,000 m

3
s

-1
 lasted for 52 hours. 

Water reached the main dykes almost throughout the entire LYR, with a depth of about 2-4 m, 

and the peak discharge was 2.55 times the bankfull discharge. However, this flood resulted in 

only a small amount of sedimentation across the entire cross-profiles of the LYR due to its 

relatively low suspended sediment concentration (SSC) of 32.6 kg m
-3

, with a deposition of 

2.56×10
8 

tons on the floodplain and erosion of 2.27×10
8 

tons from the channel below 

bankfull.  

 The flood occurred at Huayuankou station in August 1977 was exceptional. The 
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significant characteristic of this flood was its high sediment concentration of 302.2 kg m
-3

, 

9.3 times that of the 1958 flood. During this hyper-concentrated flood, peak discharge 

reached 10,800 m
3
s

-1
, and the ratio of peak discharge to bankfull discharge was 1.74. Due to 

the high sediment concentration, the whole LYR was subject to extreme deposition, with 5.02

×10
8 

tons of deposition in the bankfull channel and 6.44×10
8 

tons of deposition on the main 

and secondary floodplains. As a result, the bankfull channel shrank considerably, with the 

bankfull channel width decreasing to 500 m, only one-sixth of the counterpart before the 

flood. 

There were 31 small overbank floods observed at Huayuankou station since 1950. This 

type of floods occurred frequently before 1960, at least once a year, but only occurred once a 

year on average between 1960 and 1964. During the periods 1965-1973 and 1986-1999, 

small overbank floods occurred once every 2.5 years and 2.0 years, respectively. The decline 

in the frequency of small overbank floods since 1960 is due to climatic change and intensive 

human activities (Zhou et al., 2015).  

There are four floods that are classified as small overbank floods in this study even 

though the ratios of their peak discharges to bankfull discharges are larger than 1.5, occurring 

respectively in 1959, 1973, 1992 and 1994 (Table 2). During these floods, overbank flow did 

not reach the main dykes, and there was almost no deposition on the main floodplain. Their 

peak discharges were relatively small, between 5,890 and 9,480 m
3
s

-1
, and the concentrations 

of suspended sediment in these floods took moderate to high values (21.5-348 kg m
-3

). 

Although small in quantity varying in the range of 0.33-2.56×10
8 

tons, sediment deposition 

occurred during these floods mainly on the secondary floodplain near the bankfull channel, 

which exacerbated the problem of “the secondary perched river” along the already perched 

LYR (Hu and Zhang, 2006).  
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5. Sedimentation distribution during overbank floods 

5.1 Erosion and deposition distribution during large overbank floods 

The erosional and/or depositional distributions in the complex channel-floodplain 

system of the LYR during 12 large overbank floods occurred since 1950 are presented in 

Table 3 and shown in Fig. 7. It can be noticed from Fig. 7(a) that when the sediment transport 

coefficient C/Q is larger than 0.034 kgsm
-6

, deposition takes place not only on the main and 

secondary floodplains but also in the bankfull channel. In contrast, when the C/Q is smaller 

than 0.034 kgsm
-6

, deposition occurs only on the main and secondary floodplains, while the 

bankfull channel is subject to significant erosion. A typical example is the overbank flood 

occurred in 1958, which had the largest peak discharge of 22,300 m
3 

s
-1

 at Huayuankou 

station since 1950, and yet with a sediment transport coefficient of 0.01 kgsm
-6

, it resulted in 

erosion of 8.6×10
8 

tons off from the bankfull channel, while at the same time deposited 

10.69×10
8 

tons of sediment on the main and secondary floodplains across the entire LYR. In 

contrast, the 1975 flood had a relatively small peak flow discharge of 7,580 m
3
s

-1
 at 

Huayuankou station, and yet with a sediment transport coefficient of 0.006 kgsm
-6

, it resulted 

in deposition of 3.39×10
8
 tons on the main and secondary floodplains and erosion of 2.68×

10
8 

tons off the bankfull channel over the entire LYR.  

During these large overbank floods, most of erosion in the bankfull channel and 

deposition on the floodplains (around 70% of the total) took place in the upper and middle 

reaches of the LYR, with only a limited amount occurring in the reach downstream of Aishan 

gauging station. Clearly, because large overbank floods have a function of “floodplain 

deposition and bankfull channel erosion”, they can help to shape a relatively narrow and deep 

bankfull channel so as to increase the capacity of discharging floods along the LYR. This 

function of large overbank floods offers important suggestions for flood control in the LYR. 

That is, large overbank floods with a sediment transport coefficient C/Q of smaller than 0.034 
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should be less controlled or not controlled at all when they enter the LYR. However, large 

overbank floods with a high sediment transport coefficient (C/Q>0.034) should be controlled 

because they can lead to considerable deposition also in the bankfull channel along the LYR, 

which can accelerate the development of a higher perched channel within the LYR. Liu et al. 

(2009) also made similar suggestions in terms of their detailed investigation of the features of 

high-sediment floods occurred in the LYR.  

Among 12 large overbank floods, 10 of them have sediment transport coefficients of 

smaller than 0.034 kgsm
-6

 and Fig. 7(b) shows the relationship between erosion in the 

bankfull channel and deposition on the main and secondary floodplains. It can be seen that, 

the higher the amount of deposition on the floodplains, the larger the amount of erosion in the 

bankfull channel. The erosion in the bankfull channel is 0.46-0.99 times the floodplain 

deposition, about 0.74 times on average. Because the main and secondary floodplains have a 

lower sediment transport capacity, sediment entering the floodplains is mostly deposited. 

Therefore, the amount of floodplain deposition during large overbank floods can be 

calculated by the volume of water entering the floodplains and the sediment concentration of 

flow over the floodplains. Figs.7(c)(d)(e)(f) presents the relationships between the amount of 

floodplain deposition and key important factors, particularly C (average sediment 

concentration of overbank flow during a flood), W0 (volume of water entering the floodplain), 

and Qmax/Qp (overbank flow coefficient defined as the ratio of peak flow discharge to 

bankfull discharge). It can be seen that the overbank flow coefficient Qmax/Qp is one of the 

important factors that determine the amount of floodplain deposition; with an increase in 

Qmax/Qp, the amount of floodplain deposition also increases. Other factors, especially W0 and 

C, also influence floodplain deposition to a degree. By integrating the effects of the three 

factors with a regression analysis method, a formula for calculating the amount of floodplain 

deposition during large overbank floods in the LYR can be obtained:  
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Csn = W0
0.25

C
0.4

(Qmax/Qp)
1.13

     (r
2
=0.85)    (2)                    

where Csn is the amount of floodplain deposition (10
8
 tons), C is the average sediment 

concentration of flow over the main and secondary floodplains (kg m
-3

), W0 is the volume of 

water entering into the main and secondary floodplains (10
8
 m

3
), Qmax is the peak flow 

discharge (m
3 

s
-1

), Qp is the bankfull flow discharge (m
3 

s
-1

), and r
2
 is the correlation 

coefficient. 

The amount of erosion in the bankfull channel during large overbank floods is mainly 

related to the volume of water and sediment load transported. In general, as water volume 

increases, the erosion in the bankfull channel also increases and the larger the sediment load, 

the smaller the erosion for the same volume of water supplied. This explains why the erosion 

in the bankfull channel is more effective during large overbank floods than non-overbank 

floods. Because sediment load carried by large overbank flow is mainly deposited on the 

main and secondary floodplains, the clear water resulted from the deposition returns to the 

bankfull channel downstream owing to the effect of river training works and the main and 

secondary dykes constructed along the LYR and consequently leads to a significant increase 

in the erosion in the bankfull channel. Thus, sediment deposition on the floodplains also has a 

significant influence on the erosion in the bankfull channel. Taking W0
0.25

C
0.4

(Qmax/Qp)
1.13

 as 

an integrated factor in terms of Eq. (2), Fig. 7(f) shows the relationship between the erosion 

in the bankfull channel and the integrated factor. It can be noticed clearly from Fig. 7(f) that, 

the higher the integrated factor, the more erosion in the bankfull channel. In addition, the 

volume of water and the amount of sediment in flood season also influence the erosion in the 

bankfull channel to a degree. By integrating the effects of these factors together, the 

following formula can be obtained:  

Csp =-0.054-0.003W0+0.248Ws-0.103W0
0.25

C
0.4

(Qmax/Qp)
1.13

      (r
2
=0.81)   (3) 

where Csp is the amount of erosion in the bankfull channel (10
8
 tons), W is the water volume 



 

 

This article is protected by copyright. All rights reserved. 

in the concerned flood period (10
8
 m

3
), and Ws is the sediment load in the concerned flood 

period (10
8
 tons). 

5.2 Erosion and deposition distribution during small overbank floods 

Each cross-profile of the LYR has been measured twice each year, respectively in the 

starting and ending times of a flood season. When the cross-profile method is applied to 

determine the amount of floodplain sedimentation and if more than one overbank floods 

occurred in the flood season, the effects of these floods cannot be distinguished separately 

because the amount of sediment deposition is the combined result of all the floods occurred 

in the flood reason. For 11 small overbank floods available (the two floods occurred in 1994 

are combined together), Table 4 shows the calculated erosion and deposition distribution on 

the main and secondary floodplains. It can be noticed that most deposition is concentrated on 

the secondary floodplain, with little deposition on the main floodplain. With the data 

presented in Table 4, the relationship between the bankfull channel erosion, floodplain 

deposition, and the sediment transport coefficient (C/Q), is shown in Fig 8. When the 

sediment transport coefficient is below 0.028, erosion occurs in the bankfull channel, but 

when the sediment transport coefficient is above 0.028, the bankfull channel and the 

secondary floodplain are both depositional (Fig. 8(a)). Noticeably in Fig 8(b), the larger the 

sediment transport coefficient (C/Q), the smaller the amount of erosion in the bankfull 

channel and a log function appears suitable to describe the relationship. In addition, water 

volume appears another key factor because the erosion in the bankfull channel increases 

generally with an increase in water volume. By integrating the effects of the two factors, the 

best-fit equation for the quantity of erosion occurred in the bankfull channel can be 

determined by: 

Csp = 4.61 + 1.07ln(C/Q) - 0.003W     (r
2
=0.70)        

(4) 
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where Csp is the amount of erosion in the bankfull channel (10
8
 tons) and C/Q is the sediment 

transport coefficient (kgsm
-6

).  

In comparison with large overbank floods, the extent of floodplain sedimentation during 

small overbank floods is much smaller because almost no or much less water and sediment 

entered the main floodplain during small overbank floods. Importantly, the sediment 

concentration of flow appears a key factor affecting floodplain sedimentation during small 

overbank floods and the best fit equation for the relationship is found to take a form of: 

Csn = 0.0071C+0.1564        (r
2
=0.44)              (5) 

where Csn is the amount of floodplain deposition (10
8 

tons).  

Large and small overbank floods have different sedimentation patterns. It can be seen 

from Fig. 9 that the percentage of deposition on the main floodplain is about 42% during 

large overbank floods, but only 12% during small overbank floods. The distribution of 

sedimentation is also different, with 50% of the sedimentation taking place between the main 

and secondary dykes during large overbank floods, while most of the sedimentation occurs 

between the edges of the bankfull channel and the secondary dykes, or the secondary 

floodplain, during small overbank floods. 

5.3 Difference in sedimentation distribution between overbank and non-overbank floods   

During the period 1951 to 2004, 171 non-overbank floods occurred in the LYR. To 

evaluate the efficiency of this type of floods on sedimentation, the quantity of 

erosion/deposition per unit flow discharge is used in this study. It can be seen in Fig. 10 that 

the efficiency of this type of floods on sedimentation is related closely to the sediment 

concentration of flow. With an increase in the sediment concentration of flow, more 

sedimentation takes place. This is because a higher sediment concentration means that flow 

carries more sediment and so can cause more sedimentation. Interestingly, such a relationship 

appears suitable also for evaluating the efficiency of small overbank floods on sedimentation 



 

 

This article is protected by copyright. All rights reserved. 

not only in the bankfull channel but also on the floodplains, although some differences exist 

among the three best-fitted linear relationships as shown in Fig. 10. The efficiency of large 

overbank floods on sedimentation in the bankfull channel and on the floodplains, however, 

does not have such a close relationship. This is because the efficiency of large overbanks 

floods on sedimentation is determined by many factors, as illustrated clearly in Eqs. (2) and 

(3).      

5.4 Distribution of floodplain sedimentation in different reaches  

The distribution of floodplain deposition during large overbank floods in the different 

reaches of the LYR is shown in Fig. 11. The majority of floodplain deposition is concentrated 

on the reach upstream of Sunkou station, accounting for 52-100% of the deposition in the 

entire LYR (Fig. 11(a)). Deposition on the secondary floodplain also occurred to a 

considerable degree in the reach upstream of Sunkou station, accounting for 58% of the total 

floodplain deposition. The bankfull channel is subject to erosion during most large overbank 

floods, with the highest erosion concentrated in the reaches of hyk-jht (Huayuankou to 

Jiahetan stations), jht-gc (Jiahetan to Gaocu stations) and gc-sk (Gaocun to Sunkou station), 

accounting for 57%, 61%, 92%, 225% (some sedimentation), 1170% (some sedimentation ) 

and 57% of the total erosion respectively in 1975, 1976, 1977, 1982, 1988 and 1996 (Fig. 

11(b)).  

 Floodplain deposition along the LYR during small overbank floods is also concentrated 

in the reaches upstream of Sunkou station as shown in Fig. 12, accounting for 94% of the 

total floodplain deposition. The secondary floodplain deposition took 78% of the total 

floodplain deposition, and so only a small proportion was deposited on the main floodplain 

(Fig. 12(a)). The bankfull channel is subject to erosion only during some small overbank 

floods, occurring mostly in the reaches upstream of Sunkou station (Fig. 12(b)). The main 

reason for the floodplain deposition occurring predominantly in the reaches upstream of 
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Sunkou station is that the total width of the main and secondary floodplains in these reaches 

is very large, with a maximum spacing of 15.4 km and an average spacing of 6 km between 

the main dykes on the opposite sides (Fig. 13). In contrast, the average inter-dyke distance in 

the reaches downstream of Sunkou station is only 2.1 km, with a maximum of 2.7 km. The 

spacing between the secondary dykes in the entire LYR follows the same pattern, with an 

average of 4.3 km in the reaches upstream of Sunkou station (Fig. 13) and a maximum of 7.3 

km. In contrast, the average spacing in the reaches downstream of Sunkou station is only 0.9 

km, and a maximum of 3.9 km. Hence, the reaches downstream of Sunkou station have a 

very limited room for floodplain deposition to take place.  

In addition, the cross-sections of the bankfull channel are very shallow in the reaches 

upstream of Gaocun station, with ratios of channel width to depth being especially high in the 

wandering reach. At these shallow cross-sections, overbank flow takes place much easily, 

causing erosion in the bankfull channel and deposition on the floodplains, along with a 

significant flood retention. This brings about a significant reduction in both peak discharge of 

floods and sediment load in the reaches downstream of Sunkou station, limiting the potential 

for floodplain deposition.          

5.5 Long-term sedimentation during overbank floods 

 During the 1950s both runoff and sediment input to the LYR were very large in 

quantity, with an average annual runoff of 467.5×10
8
 m

3
 and an average annual sediment 

load of 16.98×10
8 

tons. The highest annual runoff and annual sediment load occurred in 

1958, of 643.8×10
8
 m

3
 and 31.2×10

8
 tons, respectively. During 1950 to 1960, six large 

overbank floods occurred in the LYR, among which most of the peak flow discharges 

exceeded 10,000 m
3
s

-1
, with the largest of 22,300 m

3
 s

-1
 occurred in 1958. The secondary 

dykes and river training works had not been built up then, and hence much more floodwater 

entered the main floodplain and a large amount of sediment deposited there, while erosion 
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occurred in the bankfull channel. The average annual sedimentation during July 1950 to June 

1960 is presented in Table 5, which shows that 27.9×10
8
 m

3
 of sediment was deposited in 

the entire LYR over the period, with the bankfull channel taking 8×10
8
 m

3 
(29% of the total) 

and the floodplain 19.9×10
8
 m

3 
(71%). The sedimentation in the bankfull channel is 

reflected in the change of water levels at a specific same flow discharge. Fig. 14 is plotted to 

show the difference in the pre-flood water levels under the same flow discharge of 3,000 

m
3
s

-1
, with the water level in July 1950 as a reference level. It can be noticed that the reach 

upstream of Aishan gauging station has the largest water-level difference of up to 1.3 m 

between 1950 and 1960, while the difference downstream of Aishan station takes a value less 

than 0.5 m. This means that the quantity of sedimentation in the reach downstream of Aishan 

station is less significant, consistently with the observations shown in Table 5.  

The bankfull channel was erosional during 1960-1964 because the Sanmenxia Reservoir 

stored all sediment entering the reservoir. It can be seen from Fig. 14 that the water levels at 

all station upstream of Linjin station all dropped during 1960 to 1964. The distribution of 

sedimentation in the different reaches of the LYR during 1965-1999 is shown in Table 6. In 

this period, 501×10
8
 m

3
 of sediment was deposited in the LYR, with the bankfull channel 

and the main floodplain taking 353.4×10
8
 m

3 
(71%), and 91.7×10

8
 m

3 
(18%), respectively. 

During 1965 to 1973 and 1986 to 1999, the bankfull channel was aggrading and 237.1×10
8
 

m
3
 of sediment was deposited in the LYR, with the main floodplain taking 11.2×10

8
 m

3
, 

only 5% of the total, and the secondary floodplain and the bankfull channel taking the most. 

From 1986 to 1999, 223.8×10
8
 m

3
 of sediment was deposited in the LYR, with the main 

floodplain taking only 15.8×10
8
 m

3
, accounting for 7% of the total. Most of the deposition 

occurred in the bankfull channel, accounting for 85% of the total. In the intervening period 

from 1974 to 1985, however, erosion of 44.5×10
8
 m

3
 occurred in the bankfull channel, while 
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the secondary and main floodplains received deposition of 19.9×10
8
 m

3
 and 61.3×10

8 
m

3
, 

respectively.  

 

 

Table 7 shows sedimentation rates in the different reaches of the LYR during 

1965–1999. In the reach from Huayuankou to Gaocun stations the rate was 0.073 my
-1

 in the 

bankfull channel, 0.034 my
-1

 on the secondary floodplain, and 0.013 myr
-1

 on the main 

floodplain. In the reach upstream of Huayuankou station, the elevation of the main floodplain 

has been relatively high, so little water can enter, resulting in a sedimentation rate of only 

0.005 my
-1

. Downstream of Gaocun station the main floodplain is relatively lower and much 

narrower, with a sedimentation rate of 0.013-0.014 my
-1

. Generally, in the entire LYR, the 

secondary floodplain has a higher sedimentation rate than the main floodplain.   

 

6. Conclusions 

Since the 1950s the Lower Yellow River (LYR) has experienced continual reinforcement 

and construction in the main and secondary dykes and river training works, along with a 

significant change in the type, frequency and magnitude of floods. To understand how the 

resulted complex channel-floodplain system behaves in response to the occurrence of large 

floods, this study presented a detailed investigation of the relationship between the 

tempo-spatial distribution of sedimentation/erosion and the types of floods and uncovered the 

following features of the complex channel-floodplain interaction in the LYR: 

(1) During large overbank floods, sediment deposition occurs on the main and 

secondary floodplains while erosion takes place in the bankfull channel when the sediment 

transport coefficient (ratio of sediment concentration to flow discharge) is smaller than 0.034. 

The amount of sediment deposition on the main and secondary floodplains is related closely 



 

 

This article is protected by copyright. All rights reserved. 

to the volume of water entering the floodplains, overbank coefficient (ratio of peak discharge 

to bankfull discharge), and sediment concentration of overbank flow. In contrast, the amount 

of erosion in the bankfull channel is related closely to water volume and sediment load in 

flood season, as well as the amount of sediment deposited on the main and secondary 

floodplains. When the sediment transport coefficient is larger than 0.034, sediment deposition 

occurs not only on the main and secondary floodplains but also in the bankfull channel. 

However, large overbank floods with sediment transport coefficients larger than 0.034 can 

result in considerable deposition in the bankfull channel in the entire LYR.    

(2) During small overbank floods, erosion takes place in the bankfull channel while 

sediment deposition occurs on the secondary floodplain when the sediment transport 

coefficient is smaller than 0.028. The amount of erosion in the bankfull channel is related 

closely to the sediment transport coefficient and water volume in flood season, while the 

amount of sediment deposited on the secondary floodplain is closely related only to the 

sediment concentration of flow. When the sediment transport coefficient is larger than 0.028, 

sediment deposition occurs in the bankfull channel as well as on the secondary floodplain.  

(3) Sediment deposition on the main floodplain is concentrated mostly in the upper 

reach of the LYR (upstream of Sunkou station), with a limited amount of deposition 

occurring in the downstream reach. This is due to a dramatic downstream reduction in the 

width of the main and secondary floodplains and the associated change in river channel 

planform. In the reach upstream of Sunkou station, floodplains are broad and flow runs in an 

unstable wide and shallow channel that exhibits a wandering pattern in planform, offering a 

large space for flood retention and sediment deposition. Downstream of Sunkou station, the 

inter-dykes distance becomes much smaller and flow runs in a meandering and deeper 

channel, providing less space for sediment deposition on the floodplains.   

Since the Xiaolangdi Reservoir took full operation in 2002, both runoff and sediment 
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load entering the LYR have been regulated to a considerable degree and overbank floods 

rarely occur, especially very large overbank floods. The results of this study, however, have 

shown that it ought to release some large overbank floods from the reservoir because these 

floods can cause significant erosion in the bankfull channel of the LYR while a large amount 

of sediment are deposited on the main and secondary floodplains. These overbank floods are 

also beneficial to the conservation of the wetland ecosystems and the sustainable use of 

agricultural land developed in the floodplains of the LYR. 
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Fig. 1 Location of the Lower Yellow River 
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Fig. 2 A representative cross-profile of the Lower Yellow River 
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Fig. 3 Representative wandering and meandering reaches of the Lower Yellow 

River: (a). the wandering reach; (b). the meandering reach). 
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Fig. 4 A schematic diagram of the cross-profile method for calculating the 

volume of erosion/deposition. 
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Fig. 5 Variations of annual runoff and suspended sediment load measured at 

Huayuankou gauging station  

during 1950-2014: (a). annual runoff; (b). annual suspended sediment load. 
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Fig. 6  Peak and bankfull discharges measured at Huayuankou gauging station 

since 1950 
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Fig. 7 Erosion/deposition in the channel system of the Lower Yellow River 

during large overbank floods: (a). effect of sediment transport 

coefficient; (b). interaction between the bankfull channel erosion and 

floodplain deposition; (c). effect of overbank coefficient (Qmax/Qp); (d). 

effect of overbank water volume; (e). effect of suspended sediment 

concentration of flow; (f). effect of floodplain deposition coefficient. 
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Fig. 8 Relationship between erosion/deposition in the Lower Yellow River 

and sediment transport coefficient during small overbank floods: (a). 

erosion/deposition in the bankfull channel and on the secondary 

floodplain; (b). erosion in the bankfull channel. 
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Fig. 9  Percentages of the sediment deposition in the main floodplain to the 

deposition in the main and secondary floodplains: (a). during large overbank 

floods; (b). during small overbank floods. 
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Fig. 10 Relationship between sedimentation per unit flow discharge and 

sediment transport concentration for different types of floods in the 

Lower Yellow River 
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Fig. 11 Sedimentation in different reaches of the Lower Yellow River during 

large overbank floods (XLD-HYK, HYK-JHT, JHT-GC, GC-SK, 

SK-AS, AS-LK and LK-LJ are the abbreviations of the reaches of 

Xiaolangdi to Huayuankou, Huayuankou to Jiahetan, Jiahetan to 

Gaocun, Gaocun to Sunkou, Sunkou to Aishan, Aishan to Luokou, and 

Luokou to Lijin, respectively): (a). sedimentation on the floodplain; (b). 

sedimentation in the bankfull channel.  
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Fig. 12 Sedimentation in different reaches of the Lower Yellow River during 

small overbank floods (abbreviated reach names are given in the 

caption of Fig. 11): (a). sedimentation on the floodplain; (b). 

sedimentation in the bankfull channel. 
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Fig. 13 Distance between dykes on the opposite sides of the Lower Yellow 

River (abbreviated reach names are given in the caption of Fig. 11) 
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Fig. 14 Differences between water levels under the same flow discharge of 
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Table 1 Characteristics of large overbank floods at Huayuankou gauging station 

Year 
Period 

(mm.dd) 

Peak discharge 

 Qmax (m
3
s

-1） 

Sediment concentration 

 of peak flow (kgm
-3

) 

Bankfull discharge 

Qp（m
3
s

-1） 

Qmax-Qp 

（m
3
s

-1） 
Qmax/Qp 

1953 7.30～8.13 12300  6000 6300 1.78 

1953 8.15～9.1 8406  6000 2410 1.40 

1954 8.3～8.25 15000 34.5 5800 9200 2.59 

1954 8.28～9.9 11000  5800 5200 1.90 

1957 7.17～7.23 13000 46.1 6000 7000 2.17 

1958 7.16～7.21 22300 96.6 5620 16680 3.97 

1975 9.18～10.21 7580 42.7 4500 3080 1.68 

1976 8.24～9.5 9210 47 5510 3700 1.67 

1977 8.4～8.11 10800 437 6200 4600 1.74 

1981 9.3～9.16 8060 41.7 5320 2740 1.52 

1982 7.31～8.6 15300 38.7 6000 9300 2.55 

1996 7.30～8.22 7860 58.4 3500 4360 2.25 
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Table 2 Characteristics of small overbank floods at Huayuankou gauging station 

Year 
Period 

(mm.dd) 

Peak Discharge 

Qmax（m
3
s

-1） 

Date 

(mm.dd) 

Sediment concentration 

（kgm
-3） 

Bankfull discharge 

Qp（m
3
s

-1） 

Qmax-Qp 

（m
3
s

-1） 
Qmax/Qp 

1951 8.16～8.23 9220 8.17  7000 2220 1.32 

1955 9.8～10.5 6800 9.19 41 6170 630 1.10 

1956 7.31～8.15 8360 8.5 23.4 6520 1840 1.28 

1956 6.24～7.2 7580 6.27 32 6520 1060 1.16 

1958 7.5～7.10 7910 7.7 55.6 5620 2120 1.38 

1958 7.25～7.28 7130 7.26 51 5620 1380 1.25 

1958 7.30～8.7 8280 8.4     

1959 8.1～8.12 7680 8.8 175 5700 1980 1.35 

1959 8.12～9.12 9480 8.23 172 5700 3780 1.66 

1959 7.21～7.29 6320 7.24 80 5700 620 1.11 

1964 7.17～8.8 9430 7.28 44.7 8200 1230 1.15 

1966 7.21～8.14 8480 8.1 134 6500 750 1.12 

1968 9.4～10.29 7180 10.14  6500 680 1.10 

1970 8.26～9.8 5830 8.31 129 4900 930 1.19 

1971 7.24～7.31 5040 7.28 192 4300 740 1.17 

1973 8.26～9.5 5890 9.3 348 3560 2330 1.65 

1975 7.20～8.4 5490 8.1 180 4500 990 1.22 

1975 8.4～8.20 5660 8.10 31.7 4500 1160 1.26 

1977 7.7～7.16 8100 7.9 470 6200 1900 1.31 

1977 8.2～8.14 7320 8.4 86.9 6200 1120 1.18 

1979 8.10～8.22 6660 8.14 108 5900 760 1.13 

1981 9.24～10.12 7030 9.30 21.5 5320 1710 1.32 

1982 8.12～8.19 6820 8.15 49.9 6000 820 1.14 

1983 7.26～8.10 8180 8.2 33.6 6800 1380 1.20 

1985 9.14～9.24 8260 9.17 52.2 6900 1360 1.20 

1988 8.6～8.25 7000 8.21 44.9 5500 1500 1.27 

1992 8.10～8.19 6430 8.16 245 4300 2130 1.50 

1993 7.31～8.14 4300 8.7 143 3800 500 1.13 

1994 8.6～8.10 6300 8.8 209 3700 2600 1.70 

1994 8.12～8.19 5170 7.1 41.8 3700 1470 1.40 

1998 7.9～7.25 4700 7.16 147 3700 1000 1.27 
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Table 3 Sedimentation during large overbank floods in the Lower Yellow River 

Year       

 

 

 

Period 

Huayunakou station 

Sedimentation in the reach from 

Huayuankou to Lijin stations  

(10
8
 tons) 

(mm.dd) 

Peak discharge 

Qmax（m
3
s

-1） 

Runoff  

(10
8 
m

3
) 

Sediment 

load（10
8
 

metric ton） 

Sediment 

concentration

（kgm
-3） 

Sediment 

transport 

coefficient

（kg·s·m
-6） 

Bankfull 

channel  

Flood-

plains

* 

Whole 

cross-profile 

1953 7.26～8.14 12320 68.0 3.0 44.2 0.011 -3.00 3.03 0.03 

1953 8.15～9.1 8406 45.8 5.8 126.4 0.043 1.49 1.03 2.52 

1954 8.2～8.25 15000 123.2 5.9 47.9 0.010 -2.08 4.90 2.82 

1954 8.28～9.9 12300 64.7 6.3 97.7 0.017    

1957 7.12～8.4 13000 90.2 4.7 51.7 0.012 -4.33 5.27 0.94 

1958 7.13～7.23 22300 73.3 5.6 76.5 0.010 -8.60 10.69 2.09 

1975 9.29～10.5 7580 37.7 1.5 39.4 0.006 -2.68 3.39 0.71 

1976 8.25～9.6 9210 80.8 2.9 35.4 0.005 -1.06 2.81 1.75 

1981 9.24～10.12 7760 83.1 1.8 21.2 0.004 -3.02 2.66 -0.36 

1982 7.30～8.9 15300 61.1 2.0 32.6 0.005 -2.27 2.56 0.29 

1977 7.6～7.15 8100 33.1 7.4 223.6 0.058 5.02 6.44 11.46 

1977 8.4～8.11 10800 27.8 8.4 302.2 0.075    

1988 8.11～8.26 7000 65.1 5.0 76.7 0.016 -1.30 1.53 0.23 

1996 8.3～8.15 7860 44.6 3.4 76 0.019 -1.61 4.45 2.84 

Total    898.5 63.6   -21.19 46.66 25.48 

*Floodplains include both secondary and main floodplains.  
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Table 4 Sedimentation in the Lower Yellow River during large overbank floods         

Year 
Period 

(mm.dd) 

Peak 

discharge 

Qmax（m3s-1） 

Runoff 

(108 m3) 

Sediment 

load 

（108 metric 

ton） 

Sediment 

concentration C

（kgm-3） 

C/Q

（kgsm-6） 

Qp 

(m3 s-1) 

Sedimentation (108 metric ton) 

Bankfull channel Floodplains Secondary floodplain Main floodplain Whole cross-profile 

1966 7.21～8.14 8480 78.1 7.8 99.9 0.028 6500 0.93 0.43 0.33 0.09 1.36 

1968 9.4～10.29 7180 189.8 5.1 26.9 0.007 6500 -2.04 0.56 0.48 0.08 -1.48 

1970 8.26～9.8 5580 38.1 4.13 108.4 0.034 4900 0.01 1.33 1.15 0.18 1.34 

1971 7.26～7.30 3910 9.9 1.39 140.4 0.061 4300 1.25 0.57 0.56 0.01 1.82 

1972 9.1～9.8 4030 17.5 0.7 40.0 0.016 4110 -1.05 0.70 0.63 0.07 -0.34 

1973 8.26～9.5 5050 31.8 6.98 219.5 0.066 3560 0.81 2.86 2.56 0.31 3.67 

1983 7.29～8.10 7580 55.4 1.33 24.0 0.005 6800 -0.24 0.35 0.32 0.03 0.1 

1985 9.15～9.24 7920 43.1 1.77 41.1 0.008 6900 -0.92 0.58 0.57 0.02 -0.33 

1989 7.23～7.27 5480 14.1 1.73 122.7 0.038 6000 0.53 0.60 0.6 0.00 1.13 

1992 8.10～8.19 4850 24.9 4.54 182.3 0.063 4300 2.99 1.65 1.65 0.00 4.64 

1994 8.6～8.10 6300 11.4 2.4 210.5 0.080 3700 
2.50 0.68 0.65 0.03 

1.59 

1994 8.12～8.19 5170 17.9 3.2 178.8 0.069 3700 1.60 
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Table 5  Average annual sedimentation in the Lower Yellow River  

during 1950-1960 

Reach 

Average annual sedimentation 

(109 m3) 

Percentage  

(%) 

Bankfull 

channel 
Floodplains 

Whole 

cross-profile 

Bankfull 

channel 
Floodplains 

Whole 

cross-profile 

Xiaolangdi-Huayuankou 0.44 0.21 0.66 67 33 100 

Huayuankou-Gaocun 0.21 0.76 0.98 22 78 100 

Gaocun-Aishan 0.14 0.70 0.84 16 84 100 

Aishan-Lijin 0.01 0.31 0.32 2 98 100 

Total 0.80 1.99 2.79 29 71 100 
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Table 6  Distribution of sedimentation in different reaches of the Lower Yellow River 

during sub-periods from 1965 to 1999
 

Period Reach* 

Sedimentation (10
9
 m

3
) Percentage (%) 

Bankf

ull  

chann

el 

Secondar

y 

 

floodplain 

 Between two 

 secondary 

dikes 

Main 

 

floodplain 

Whole  

Cross-p

rofile 

Bankfu

ll  

channe

l 

Secondar

y  

floodplai

n 

 Between two 

 secondary 

dikes 

Main 

 

floodplai

n 

1965-1973 

XLD-HYK 4.27 0.4 4.67 0.11 4.78 89 8 98 2 

HYK-GC 9.11 1.44 10.55 0.93 11.48 79 13 92 8 

GC-AS 4.41 0.1 4.51 0.07 4.58 96 2 98 2 

AS-LJ 2.87 0 2.87 0 2.87 100 0 100 0 

Subtotal 20.66 1.93 22.59 1.12 23.71 87 8 95 5 

1974-1985 

XLD-HYK -3.47 -0.54 -4 0.21 -3.8 91 14 105 -5 

HYK-GC -1.37 0.93 -0.44 2.11 1.66 -82 56 -27 127 

GC-AS 1.18 1.42 2.6 2 4.6 26 31 57 43 

AS-LJ -0.79 0.18 -0.62 1.81 1.19 -66 15 -52 152 

Subtotal -4.45 1.99 -2.46 6.13 3.67 -121 54 -67 167 

1986-1999 

XLD-HYK 4.18 0.62 4.8 0.38 5.18 81 12 93 7 

HYK-GC 8.48 1.02 9.5 0.6 10.1 84 10 94 6 

GC-AS 3.17 0.06 3.23 0.09 3.32 96 2 97 3 

AS-LJ 3.3 -0.03 3.27 0.52 3.79 87 -1 86 14 

Subtotal 19.13 1.66 20.8 1.58 22.38 85 7 93 7 

1965-1999 

XLD-HYK 4.98 0.48 5.47 1.10 6.57 76 7 83 17 

HYK-GC 16.21 3.38 19.6 3.64 23.24 70 15 84 16 

GC-AS 8.76 1.58 10.34 2.16 12.5 70 13 83 17 

AS-LJ 5.38 0.14 5.52 2.27 7.79 69 2 71 29 

Subtotal 35.34 5.59 40.93 9.17 50.10 71 11 82 18 

*The full names of the reaches are given in the caption of Fig. 11. 
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Table 7  Sedimentation rates in different reaches of the Lower Yellow River  

during 1965 to 1999 

Reach* 

Width of sedimentation (m) Sedimentation rates (m/y) 

Active 

channel 

Bankfull 

channel 

Secondary  

floodplain 

Main  

floodplain 

Active 

channel 

Bankfull 

channel 

Secondary  

floodplain 

Main  

floodplain 

XLD-HYK 600 3794 1142 4381 0.021 0.029 0.009 0.005 

HYK-GC 600 3412 1526 3809 0.077 0.078 0.037 0.016 

GC-AS 600 1445 605 2359 0.101 0.092 0.039 0.014 

AS-LJ 600 743 33 1795 0.090 0.076 0.045 0.013 

Average 600 1811 618 2689 0.078 0.073 0.034 0.013 

*The full names of the reaches are given in the caption of Fig. 11. 

 

 


