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Under regime theory analysis the bankfull discharge has high correlation with the hydraulic geometries of width 

and depth. The averaged velocity of bankfull discharge is highly correlated with channel slope but little with the 

roughness of bottom substrates in a streamflow. The equation for bankfull discharge in gravel bed channel 

developed by Parker (2006), which is characterized by the depth to median bed grain size (D50) of bottom 

substrate in addition to the hydraulic geometry, can be modified such that the roughness ratio of the depth to D50 

can be substituted by the bankfull width to depth ratio. The estimated bankfull discharge by the developed 

equation agrees with a measured one by bankfull indicators of hydraulic geometry with the high root mean 

square error (RMSE) of 15.54 m
3
/s and the mean absolute percentage error (MAPE) of 9.91%. 

 

1 INTRODUCTION  

The hydraulic geometry and geomorphic feature of stream change greatly over time and space because of 

changes in the hydrological and hydraulic characteristics, resulting in diverse forms of bottom substrates, 

channel slope, channel width and depth, and bank. In particular, the flow and accompanying sediment transport 

change the physical system of a river channel and lead to a dynamic equilibrium, which is dominated by the 

characteristics of the flow and sediment transport, and resulting in the changes of the geomorphic features and 

hydraulic geometrical characteristics of a river. A hydraulic phenomenon that has significant effects on the 

formation of a channel in a river is the channel forming discharge or dominant discharge, and the bankfull 

discharge is typically used to determine this. 

The dominant discharge has a great role for sediment transport with appropriate magnitude and frequency 

[1]. The effective discharge is defined that has transported yearly all of the sediment over periods. In a stable 

channel with a dynamic equilibrium, the bankfull, effective, and specified recurrence interval discharge have a 

similar magnitude of flow [2-4]. Thus, the bankfull discharge can be viewed as a measure of the channel forming 

discharge that has transported maximum sediment over year [2, 4-9]. 

 

2 METERIALS AND METHODS 

2.1 Hydrological Characteristics of Survey Site 

In this study, the daily and annual mean discharges were analyzed by calculating the daily discharge with 

stage-discharge curves based on water level data observed over a period of several years for 27 water-level 

observation stations located within 19 rivers of the Han River basin, which is a large river system in Korea. 

The observation period ranged from 10 to 23 years. The observation stations with highly accurate water-

level data for a minimum of 10 years of continuously observed duration were selected for the analysis. The 

cross-sectional and longitudinal channel geometries and observed water-level including hydraulic parameters 

were obtained from the WAMIS (Water Resources Management Information System) and the HSC 

(Hydrological Survey Center) in Korea [10, 11], respectively. The WAMIS and HSC have operated under the 

auspice of the Ministry of Land, Infrastructure, and Transport (MLIT) in the Korean government to enhance the 

reliability of collected datasets. 

2.2 Observed Discharge and Estimated Bankfull Discharge  

Stage-discharge curves were derived at observation stations by periodical site observations and recording of 

the water-level every hour at a minimum. Daily water-levels were converted into daily mean flows using the 

stage-discharge curves at the observation stations. The annual total flows were calculated by summing daily 



mean flows at a station every year. The annual mean flows were the average of the annual total flows calculated 

at the observation stations. The daily mean flows were calculated from the annual mean flows at the observation 

stations. 

Bankfull discharge is generally defined as the discharge required to fully filling a channel to the height of a 

floodplain, meaning that this flow fills this height without spilling over a naturally formed bank [3, 6, 12, 13]. 

Among the various methods for calculating bankfull discharge proposed in previous studies, this study selected 

the method of McCandless [14], which estimates bankfull discharge using geomorphic bankfull indicators and is 

currently the most widely used method. The five geomorphic bankfull indicators proposed by McCandless [14] 

are as follows: floodplain break, inflection point, scour line, depositional bench (active channel), and point bar. 

 

3 RESULTS AND DISCUSSIONS 

3.1 A New Definition of Bankfull Discharge 

The estimated bankfull discharge for the 27 sites ranged 22-400 m
3
/s, which corresponds to an observed 

daily mean discharge of 2.9–56.7 m
3
/s. The observed daily mean discharge and estimated bankfull discharge 

exhibited a high significant correlation. The estimated bankfull discharge was found to be 7.1–9.4 times greater 

than the observed daily mean discharge, and the result of the trimmed mean indicated that it was approximately 

7.7 times greater than the observed daily mean discharge. Fig. 1 shows the results for defining the discharge as 

the 7-day mean discharge, which is 7.7 times greater than observed daily mean discharge, and comparing it with 

the estimated bankfull discharge. The 68% and 95% confidence intervals (CI) for the estimated bankfull 

discharge and newly defined 7-day mean discharge were evaluated. 

 

 

Figure 1. Correlation between estimated bankfull and 7-day mean discharges. 

 

The root mean square error (RMSE) of the newly defined 7-day mean discharge and estimated bankfull 

discharge is 14.38 m
3
/s, and the mean absolute percentage error (MAPE) has an error range of 4.30%. There 

were 24 and 27 observation stations within the 68% and 95% confidence intervals, respectively, thus showing a 

significantly high correlation between the newly defined 7-day mean discharge and bankfull discharge. This 

indicates that the bankfull discharge using geomorphic bankfull indicators can be estimated using the 7-day 

mean discharge in the rivers of the Han River basin.  

The results of a correlation analysis of the observed daily mean discharge and estimated bankfull discharge 

indicated that the bankfull discharge was 7.7 times greater than the daily mean discharge, thereby showing a high 

significant correlation coefficient. Thus, the bankfull discharge has been correlated to the 7-day (1-week) mean 

discharge, and the relations with the monthly mean discharge and the annual mean discharge are as follows: 

 

Qbf = 7.7·Qday           (1) 

Qm = 4·Qbf            (2) 

Qy = 48·Qbf            (3) 

Where, Qbf (m
3
/s) is bankfull discharge, Qday (m

3
/s) is daily mean discharge, Qm (m

3
/s) is monthly mean 

discharge and Qy (m
3
/s) is annual mean discharge. 



The bankfull discharge is 1/4 of the monthly mean discharge, thereby being defined as a 7-day mean 

discharge. This new definition of bankfull discharge of tributary in the Han River basin can be used to estimate 

the bankfull discharge in ungaged river by using the daily or annual mean discharge which is easily obtained in 

river investigations. 

 

3.2 Consideration of Hydraulic Geometry 

It was found that the bankfull width was between 29.19 m and 265.88 m, while the bankfull depth was 

between 0.43 m and 3.26 m in the hydraulic geometric characteristics. Fig. 2(a) and (b) show the relationships 

between bankfull discharges and bankfull width and depth, respectively, indicating that the bankfull discharge 

increases with increasing bankfull width and depth. Fig. 2(c) shows the relationship between bankfull discharge 

and channel slope. A sectional slope is an important determinant of the hydraulic geometrical characteristics, and 

it was found to be between 1/3333 and 1/74. Fig. 2(d) shows the relationship between bankfull discharge and 

flowing area indicating that bankfull discharge increases with increasing bankfull area. Fig. 2(e) shows the 

relationship between the mean velocity and bankfull discharge, when the bankfull discharge was flowing, the 

mean velocity was found to be between 0.42 m/s and 1.81 m/s.  

 

 

Figure 2. Hydraulic geometrical characteristics of bankfull discharge. 

 

3.3 Estimation of Bankfull Discharge by Hydraulic Geometric Parameters 

The application of the equation developed by Parker et al. [15] is not appropriate because of the discrepancy 

of flow duration in Monsoon region and the urban improved and alluvial rivers in the Han River basin. To 

evaluate bankfull discharge in the Han River basin the width to depth ratio is introduced to the equation instead 

of the depth to Ds50 of surface median size ratio.  

Fig. 2(f) shows the relationship between the width to depth ratio and bankfull discharge has no significant 

relation but this relation is required to calculating the bankfull discharge implicates the definition of bankfull 

stage by Pickup and Warner [16]. The equation developed by this study is as follows: 
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Where, Wbf is bankfull width, Dbf is bankfull depth, and S is channel slope. Fig. 3 shows the results for 

comparing observed bankfull discharge with the calculated bankfull discharge by the developed equation. The 

68% confidence intervals (CI) for the 27 individual observations and regression relationship were satisfied. The 

root mean square error (RMSE) of the calculated bankfull discharge by the developed equation and the observed 

bankfull discharge is 15.45 m
3
/s, and the mean absolute percentage error (MAPE) has an error range of 9.91%. 

Thus the developed equation for bankfull discharge by hydraulic geometries has a high applicability in river 

(a) 



works. And the general form of the equation is worthy of further study as it might be applicable to other river 

systems and useful in river works. 

 

 

Figure 3. Correlation between calculated bankfull discharge by developed equation and observed bankfull 

discharge. 
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