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Abstract:  
The stage-discharge rating curve is among the basic data for hydrological, hydraulic and river 

sedimentation calculations. This curve can be empirically drawn for river sections where there are 

measurement stations. The stage-discharge equation is a flow resistant equation which is utilized to 

determine the hydraulic depth or radius in the case that the discharge and geometry of river, slope of bed, 

and characteristics of bed materials are clear. This study seeks to provide the best method for developing 

this equation. Therefore, the methods by Einstein-Barbarossa and White et al are utilized according to the 

measured data at Golgol Hydrometric station located on Golgol river of Ilam. The statistical comparison 

is done by absolute mean error (AME) with respect to the measured discharges after collecting the 

required data and corresponding stage by two mentioned methods on 16 May 2013 (flood day). The 

results indicate that Einstein-Barbarossa's method has the lowest absolute mean error of 0.80 cubic meters 

per second, while the method by White et al has the absolute mean error of 10.39 and it predicts the 

constant flow discharge for one stage higher than the convention.  

Keywords: Stage-discharge, Einstein Barbarossa, White et al, Golgol , Ilam, Hydrometric station, 
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1.     Introduction  

The stage-discharge rating curve is commonly one of the tools applied in hydrology to estimate the discharge 

in open natural and artificial channels. Since the direct measurement of stage-discharge is difficult in great 

floods, the final draw of experimental curve, which represents the quantity of flood discharge, often is done 

by theoretical or experimental methods. Manning equation is one of the easiest relations for calculating the 

stage-discharge curve. Using this equation, the depth is calculated and the flow is changed into the stage by 

taking into account the bed level elevation. According to the limitation of this equation (Manning), it cannot 

make a good estimation of Manning coefficient, and there will be a doubt about the constant discharges and 

stages. [2] Several methods are presented for estimating the stage-discharge equation in alluvial rivers by 

considering the bed form resistance in addition to the seed particle resistance including the method by 

Einstein-Barbarossa [3] and White at el [4]. These two methods are explained in this study as follows. Using 

these methods, we not need to know the shape of river section at the station, but also we should determine the 

granulation chart of bed materials. Takdelani and Azizian have investigated the effect of bed form in alluvial 

rivers on stage-discharge rating curve and studied some of the methods for estimating the stage-discharge 

rating curve. The results indicate that the relations presented by Englund and White have almost the same 

results, while the relations by Einstein-Barbarossa and Manning estimate large quantities. [5] Shojaeian et al 

have calibrated the experimental methods in estimating the stage-discharge equation according to the bed 

form in Abdolkhan hydrometric station of Karun River and concluded that the results of research by White et 

al are closer to the measured results at this station. [6] The researchers' results indicate that Einstein-

Barbarossa's method has the acceptable results for when the river bed has dune form with flat bed. The 

studies by Nordin on Rio Grande River in 1964 and also by Wasson in 1967 and Melma on Missouri and 

Mississippi Rivers in 1966 led to satisfactory results between the field observations and Einstein-Barbarossa's 

method. [7] According to a research by Ghobadian et al to introduce an appropriate mathematical method for 



 

 

1th International Conference on Water, Environment and Sustainable Development, 

27-29 September, 2015 

University of Mohaghegh Ardabili, Ardabil, Iran 

 

 2 

completing the final section of measured stage-discharge equation at hydrometric station through the 

mentioned methods and calculation of corresponding stage-discharge rate by these methods through different 

statistical comparisons between corresponding computational and measured stages, the results indicate that 

Englund method estimates the higher accuracy than other methods of stage-discharge rating curve [8] The 

main aim of this research is to provide the appropriate method for completing the last part of measured stage-

discharge rating curve (for flood method) or calculating the stage-discharge equation by taking into account 

the roughness effect of bed form in addition to the roughness of particle in hydrometric station.  

 

 

2. Materials and Methods  
Studied station: Golgol is a perennial important river of Ilam dam drainage basin and is located at the 

longitude and latitude of 50-27-33, 44-29-46. The length of main branches of this river to the constructed 

dam is 29.5 km and the area of its drainage basin equal to 232.8 km. Its flow direction is from East to West. 

The cross sectional of this river is utilized for sampling in Golgol hydrometric station according to ten spots 

on 16 May 2013. Figure 1 shows the geographical situation of river and station of sampling.  

 

 

Map 1- Geographical situation of Golgol River and station of Ilam 

In water year of 2013, when the measurements are done for determining the stage-discharge rating curve, the 

river discharge is measured at the sections by Molinet model TOT and by 12 and 13 sectional method, and at 

the same time, the required data including the maximum flow depth and water level elevation collected. 

Furthermore, the sampling is done on riverbed in Golgol hydrometric station by Heli-Smith sampling, and 

granulation testing is done on them. Afterwards, the granulation curve is drawn based on the sampled 

particles as shown in diagram (1). Furthermore, diagram (2) shows the cross-section of river in hydrometric 

station.  



 

 

1th International Conference on Water, Environment and Sustainable Development, 

27-29 September, 2015 

University of Mohaghegh Ardabili, Ardabil, Iran 

 

 3 

 
Diagram 1- Granulation curve in Golgol station of Ilam 

 

 

Diagram 2- The cross section of river in Golgol hydrometric station of Ilam during 2013 

According to the gradation curve and the data of regional water organization of Ilam, some of the necessary 

parameters are presented in the following table. 

Table 1- The values of required parameters for calculation 

Parmeters Measured 

Station Golgol 

D35 0/40  mm 

D50 0/90 mm 

D65 2 mm 

S 0/016 

GS 2/65 

n 4/66 

v 0/045 

 2/50 
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Figure 1 shows the scheme of Golgol hydrometric station and Table 2 represents the discharges and height of 

measured stages in hydrometric station in May (flood month) during 2013 and the samples are utilized in 

calculation of stage-discharge rating curve. 

  

 

Figure 1- Scheme of Golgol hydrometric station of Ilam 

 

Table 2- Measured stage-discharge rates in Golgol hydrometric station of Ilam 

Stage  (cm)   Discharge ( ) 

46 1 1 

47 1/17 2 

48 1/35 3 

49 1/54 4 

50 1/75 5 

51 1/98 6 

52 2/22 7 

56 3/63 8 

57 3/68 9 

63 6/02 10 

 

3.      Different methods of determining the stage-discharge rating curve 

A.     White et al's method  

This method text is based on the laboratory field data and used for lower regime. White equation is as follows 

[3]  

Ygr= *                                                                                                                    (1)          

V, R, D₃₅, U*, g, Gs and Ygr  are marshal  flow rate in meters per second, hydraulic radius in meters, diameter of particles, 

from which 35% of sediment weight are smaller, in meters, shearing rate in meters per second, acceleration of gravity 

9.81, relative density and White's equation. 
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According to the river section, we can measure the correlation between the stage, flow depth- hydraulic 

radius and the correlation between the hydraulic radius and flow level through the properties of materials in 

bed D* and the coefficients of n, Ycr, and D by the formula presented in the following table. 

 D*=D₃₅ ⅟2                                                                                                                                         (2)                        

n= 1-0.56Log D* →  Ycr=  + 0.14                                                                                                              (3)                                          

n=0  →    Ycr=0.17                                                                                                                                          (4)                                               

P= 1/N                                                                                                                                              (5) 

U*=                                                                                                                                                           (6)                                                                   

Yfg=                                                                                                                                                (7)                                                

 = 1- 0.76 (1-                                                                                                                                   (8)                                             

 

 

Gs, D*, R, S and  Yc r  are  marshal  specific gravity of soil solids, particle number, hydraulic radius and  movement 

variable. 

 

B.        Einstein-Barbarossa's method 

The hydraulic radius of flow cross section is divided into two parts in this method as follows: 

1-Hydraulic radius for roughness of bed R"  

2- Hydraulic radius for roughness of particle R' 

In this method, the hydraulic radius for roughness of particle R' is first assumed in meters and then the shear 

rate is calculated for the roughness of particle. The flow rate is calculated according to the equation  9and 10.  

 = 5.75 Log                                                                                                                          (9)                                                                                                                                                                   

=                                                                                                                                                    (10)                           

 

D₆₅ , X, , V ,    and  s  are  marshal particle diameter from which 65% of material weight is smaller, correction factor 

which represents the flow regime and is a function of ₆₅D  , thickness of sheet boundary layer, velocity of flow in meters 

per  second and  shear  rate. 

In this method, the roughness is related to the form in accordance with the amount of sediments in channel. 

However, according to Einstein's theory, the transport of sediments in alluvial river is a function of stress 

intensity as follows:  

 Ψ’                                                                                                                                           (11 )                                                                                                                                             

If   Ψ’ < 2.5 →  f(Ψ’)=43.394                                                                                                       (12)          

If   Ψ’ >2.5 →  f(Ψ’)=23.522                                                                                                       (13) 

After determining the function of stress intensity, the shear rate for the roughness of bed form U’*, the 

hydraulic radius for the roughness of bed form R" and also the hydraulic radius of flow cross section are 

measured according to the equations 14, 15 and 16, respectively.  
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 = f(Ψ’)                                                                                                                                                        (14) 

U’*                                                                                                                                                         (15) 

R=R’+R’                                                                                                                                                          (16) 

 

Given the characteristics of river section and clear R, we can measure the depth and flow and cross-section, 

and finally calculate the flow discharge from multiplying the cross section by calculated velocity according 

to equation 11. Afterwards, the calculations above are repeated with new R'. 

  

C.      Absolute Mean Error (AME)  

In this paper, we use the absolute mean error (AME) to perform an accurate evaluation and comparison of 

two methods for drawing the stage-discharge rating curve (by White et al and Einstein-Barbarossa). The 

more the absolute mean error (AME) is close to zero, the more the accuracy of method used to estimate the 

measured stage-discharge relation. 

AME=                                                                                                                                   (17) 

where Qc, Qm and N are marshal calculated discharge, measured discharge  and  number of data . 

 

 

4.        Results and discussion:  

The obtained results from putting the measured discharges and other parameters in the formula (Einstein-

Barbarossa and White et al) are presented in Table 3.  

 

Table 3 - Calculated stage-discharge rates by different ways 

Stage White et al's method Einstein-Barbarossa's method 

Repetition  cm M3/s M3/s 

1 46 5/64 1/35 

2 47 6/60 1/58 

3 48 7/62 1/82 

4 49 8/69 2/08 

5 50 9/88 2/36 

6 51 11/18 2/67 

7 52 12/54 3 

8 56 18/97 4/54 

9 57 20/78 4/54 

10 63 34/10 8/13 

 

The measured and calculated numbers in Table 3 indicate that White et al have found the higher discharge 

rates for a certain stage. Furthermore, Diagrams 3 and 4 also show the measured stage-discharge rates versus 

the calculated values by the above-mentioned methods (White et al, and Einstein-Barbarossa). Einstein 

method predicts the proper rate of stage-discharge according to the curve.  
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Diagram 3- Comparison of measured and calculated stage-discharge by Einstein-Barbarossa's method 

 

Moreover, according to the method by White et al and the diagram, the calculated stage-discharge is 

completely above the measured stage-discharge curve.  

 

 

Diagram 4 - Comparison of measured and calculated stage-discharge according to White et al's method 

According to the evaluations, the flow regime is more at the lower and transitional regime range in this 

section of river; and the form of bed often has the washed dune type. The lack of discontinuity in the stage-

discharge equation is because the changed flow regime does not happen from bottom to top in the river. In 

lower flow regime, there is a higher flow resistance and higher resistance due to the roughness of bed form. 

Einstein-Barbarossa's method results in acceptable results for the dune or smooth form of river bed and they 

are confirmed in this study. 

            White's method is usually used for low regimes. The difference between the measured and calculated 

stages especially at high discharge rates, where the high discharge regime occurs, indicates this issue. 
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The absolute mean error (AME) equation is utilized for more accurate study and statistical comparison of 

White et al and Einstein-Barbarossa's methods through the absolute mean error (AME) equation. The 

summary of results is presented in Table 4. 

  

Table 4- Statistical comparison of AME in the methods by Einstein-Barbarossa and White et al. 

Parameter 
16 May 2013 

Einstein-Barbarossa White et al. 

a 0/933 0/045 

R2 0/967 0/977 

AME 0/80 10/39 

 

5.      Conclusion  

1- According to the results of this study, it is found that the empirical relationships have relatively high 

accuracy in estimating the stage-discharge rates. Therefore, the stage-discharge equation can be 

extracted from that section by these relations (White et al, and Einstein-Barbarossa) and the river 

characteristics in each section especially during the flood.  

2- With regard to the computed absolute mean error (AME) equation, these equations have several 

differences in measuring the discharge, but the Einstein-Barbarossa's method has lower error and 

higher accuracy than the method by White et al. It is more appropriate for calculating and 

completing the stage-discharge equation in flood conditions in Golgol hydrometric station.  

3- According to the results of method by White et al, the calculated and measured discharges are so 

different, while the calculated discharges in Einstein-Barbarossa's method are partially different 

from the measured discharges.  

4- According to the studies and comparison of stage-discharge rating curves, it is concluded that the 

calculated discharge rates by White et al's method in low discharges are close to the measured 

discharges by Einstein-Barbarossa's method in high discharge rates (flood) in hydraulic station.  

5- The results indicate that the exact calculation of slope and geometrical characteristics of section and 

also the diameter of particles can have significant impact on improvement of results and lead to the 

more appropriate results. 

 

 

6.      Suggestions  

1- According to the impact of bed form on estimating the stage-discharge rating curve at the site of 

constructing the intake entrance, we should pay attention to characteristics of bed in order to provide 

the accurate prediction of river discharge at that site in the case of water level fluctuations.  

2- Since the bed diameter variability is relatively tangible due to the flood seasons in studied station, it 

is better to draw the stage-discharge rating curves at smaller time intervals and then examine the 

results.  
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