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ABSTRACT: One of the factors effective in calculating discharge is Manning’s roughness coefficient. 
Due to the importance of the effect of this parameter, its precise determination represents the actual 
channel bed conditions and is effective in increasing the precision of the results of hydraulic calculations. 
The purposes of conducting this research were to study factors influencing the hydraulic roughness 
coefficient of the Karun river and to find a method for its determination under different conditions. We 
chose a section of this river between the Mollasani and Ahwaz stations (where good quality data was 
available) and employed the direct method to achieve these goals. In this method, observational data 
(slope, cross – sectional areas, particle – size distribution on the bed…) is gathered. The employment of 
our proposed method, in which new equations are used for these two stations, can result in determining 
the appropriate n values (and hence in obtaining exact and close – to – reality estimates of the discharge 
of the river). Results we found were compared with those observed by using empirical relations, 
including the relations introduced by Limerinous , Henderson , Strickler , Barry , Julien , Meyer – Peter, 
and Muller, with those found by using Cowan’s tables , and with those obtained by employing the 
analytical method.  
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INTRODUCTION 
 

 Calculations of hydraulic roughness coefficients of flows are needed to determine hydraulic factors such as 
depths and velocities of flows. In all engineering studies conducted on rivers, and in designing structures 
intersecting rivers such as bridges, diversion weirs, or intake ports where knowing the depth and velocity of the flow 
is required as well, the exact determination of the roughness coefficient will be needed. The hydraulic roughness 
coefficients of rivers are influenced by many factors because rivers flow under various and complex conditions. 
Therefore, extensive research has been carried out on the various conditions under which rivers flow, and a wide 
variety of relations has been introduced. That is why experts in conducting engineering studies on rivers must have 
a thorough knowledge of effective factors influencing rivers and of the various conditions found in them. There is a 
series of equations that can be used in determining (or predicting) the values of n, none of which can, by itself, 
predict the discharge of the river being studied. Our purpose in this research was to find a new equation for the 
determination of the hydraulic roughness coefficient of the Karun River and to compare it with other available 
equations. The hydraulic roughness coefficient of a river is one of the factors needed in carrying out engineering 
studies on rivers. The exact determination of this factor is necessary to be able to determine precisely factors such 
as the depth and the velocity of the flow. Despite the fact that in some of the books on the hydraulics and 
engineering of rivers there are chapters about hydraulic roughness coefficients , and although empirical studies in 
this area have been carried out for over a century , research on this subject is continuing by government  and 
private organizations in developed countries such as the United States. The morphology of a natural channel 
depends on the collision of the fluid passing through it with the erosive materials present on the channel bed. Flow 
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velocity is strongly dependent on the resistance to flow, and this resistance is one of the most important elements 
in this collision. Engineers have used drawdown resistance equations, such as that of the roughness of particles, or 
a combination of these equations, but Manning’s roughness coefficient is used extensively in the world to predict 
the degree of roughness in natural channels. The question of the determination of roughness coefficients is a very 
interesting phenomenon in hydraulics, and presently research is being conducted on this subject. 
 (Chow, 1956) , assuming that the roughness coefficient of a straight , uniform , and smooth  channel depends 
on the materials the channel bed is made of , suggested the following relation for calculating Manning’s roughness 
coefficient:   

N = (n0 + n1 + n2 + n3 + n4) m                                                                                            (1-1) 
 He also listed the values of roughness coefficients of materials forming the channel bed in a table (Chow, 
1956).In 1959, Chow conducted comprehensive studies on the values of n. The results he obtained are a 
comprehensive reference for engineering problems, and the tables he constructed are available in most books 
written on hydraulics.   
 (Limerinous, 1970) reviewed field data related to natural rivers and presented the following relation showing 
the effects of the hydraulic radii and channel bed particle diameters on Manning’s roughness coefficients: 

N =                                                                                                               (2-1) 
 (Doncker et al., 2012) determined Manning’s roughness coefficients of the river AA in Belgium and of the river 
Biebrza in Poland. The vegetation covers of the riverbeds influenced these coefficients. In a multidisciplinary 
research project on the basic exchange processes in the ecosystems of these rivers, base hydraulic 
measurements were regularly made in the river AA. During the measurement operations, velocities and discharges 
were measured at several sections. Once every month, root exudates and the water level upstream and 
downstream of the drag test were measured. Similar intensive measurements were made along six kilometers of 
the upstream section of the river Biebrza. The exact determination of the roughness coefficients on the basis of 
seasonal changes is an important tool in hydraulic modeling (De Doncker et al., 2012).  
 Studies have been carried out in Iran as well. In 1997 , Mohammad Mahmoodian Shooshtari and Ghassem 
Zare – ee evaluated the Manning’s roughness coefficient of the Dez irrigation network and concluded that this 
coefficient varied from 0.017 to 0.29 depending on maintenance and management of the channels.  
 Mohammad Bahrami Yarahmadi and Mahmud Shafaee Bejestan studied the effects of the shapes of the clay 
particles of the channel bed on Manning’s roughness coefficients in the laboratory. They used three types of 
sediments with various particle shapes (natural particles with relatively round corners , broken particles with acute 
angles, and artificial and completely spherical particles) totaling 11 particle size distributions. The Manning’s 
roughness coefficients of flows under different hydraulic conditions in a flume 10 meters long, 25 centimeters wide, 
and 50 centimeters high, and with a constant bed slope of 0.0005, were determined. Results they obtained showed 
that, with an increase in the size of the particles of the bed sediment, the Manning’s roughness coefficients of 
sediments consisting of particles of different shapes converged. There were significant differences between the 
coefficients of bed sediments consisting of particles with a diameter of up to 11 millimeters. However, in sediments 
with particles of the diameter of 21 millimeters and in those with particles of the diameter of 27 millimeters, the 
roughness coefficients of sediments made up of natural and relatively round cornered particles differed little (plus 
1.65 percent, on the average) from those of sediments consisting of artificial and completely spherical particles. 
Furthermore , the coefficients of the sediments consisting of broken and sharp cornered particles showed the least 
difference from those of other sediments , while the roughness coefficients of sediments with broken and sharp 
cornered particles differed from those of sediments consisting of natural and relatively round cornered particles , on 
the average , by minus 6.2 percent (Yarahmadi and Shafaee Bejestan , 2011).     
 Fathi Moghaddam and Drikvandi evaluated and measured the Manning’s roughness coefficients of rivers and 
flood plains with non – submerged vegetation. Results they obtained indicated that the coefficients decreased 
nonlinearly when the velocities of the flows increased: when the velocity of the flow increased from 0.02 meter per 
second to two meters per second, the Manning’s roughness coefficient decreased by one – third. The decrease in 
the coefficient due to a decline in the ratio of submergence , and the decline in the coefficient as a result of a 
decrease in density , were not as much as the decrease in the coefficient resulting from an increase in the velocity 
of the flow (Fathi Moghaddam and Drikvandi , 2012).       
 In river hydraulics, channel beds shift and resistance to flows varies with changes in roughness coefficients . In 
this case, it is not possible to use a formula of resistance to flows directly and without knowing the way roughness 
coefficients change under different conditions related to flows and sediments. Therefore, having this information 
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can clarify the reasons for the occurrence of many of the phenomena observed. Our research was conducted to 
find new equations for determining the roughness coefficients of the river Karun, to specify the degrees of accuracy 
of the equations obtained, and to compare these equations with others used today.    
 

MATERIALS AND METHODS 
 

 Now we describe the various methods that are used for determining Manning’s roughness coefficients. 
 
2.1 Using Cowan’s method for estimating the value of n (Chow, 1956) 
 In this method, the relation that Cowan proposes for the estimation of the coefficient n is as follows: 

N = k (n0 + n1 + n2 + n3 + n4)                                                                 (2 – 1) 
 In the above relation, k is a correction factor for meandering of the channel. The factor n0 is a base value for 
the roughness coefficient and is chosen according to the types of materials forming the bed of a straight, uniform, 
and smooth channel. The factors n1, n2, n3, and n4, are a correction factor for the effect of surface irregularities, a 
value for variations in the shape and size of the channel cross section, a value for obstructions; and a value for 
vegetations and flow conditions, respectively.  
 
2.2 Using tables to estimate the value of n 
 Tables based on materials forming the channel bed, and introduced in various sources, can be used to 
estimate the value of n .These materials may be natural (such as pebble stones , sand , silt, clay) , or building 
materials ( such as cement , concrete , wood , metal) , or vegetations covering the channel bed. Using these 
tables, engineers and other experts can easily estimate the values of n simply by determining the materials making 
up the channel beds. 
         
2.3 Using pictures and slides to estimate the value of n 
 Pictures and slides, which have been prepared in different ways, can be used together with the necessary 
instructions and explanations, to determine the n values of channels. The channels under study are compared with 
these pictures and slides to estimate the values of n. The U.S. Geological survey 1957 and the U.S. Department 
of(Agriculture, 1967), are good sources for obtaining these pictures and slides (Chow, 1959).   
  
2.4 Using empirical relations to find n values 
 Another method of determining roughness coefficients is to use empirical relations some of which, used in this 
article, are as follows: 

n =               Strickler (1923)                                                    (2-2) 

n=                                            Meyer – Peter, Muller (1948)                                 (2-3) 

n= 0.034                                 Henderson (1966)                                                (2-4) 

n =                           Limerinous (1970)                                               (2 -5) 

n = 0.062                                       Julien (2002)                                                      (2 -6) 

n = 038                                                                                                                      (2 -7) 

n =                             Barry                                                                 (2-8) 
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2 – 5 Using velocity measurements to determine n values 
 Theoretically, roughness coefficient values can be obtained by measuring flow velocities because flow speeds 
at cross sections depend on the roughness of channel beds. In rough channel beds, Manning’s roughness 
coefficients can be estimated using the following relation (Mahmoodian Shooshtari and Nissi, 2005):    

n=                                                                                                 (2 – 9) 

 In the above relation, X =  is equal to 0.2 d of the depth of the flow or 0.8 d from the channel bed (D 

= depth of flow), and is flow velocity at the height of 0.2 d from the channel bed. The relation above is used to 
estimate n values for flows in completely rough channel beds where the channels are wide and the flow speed 
distribution is logarithmic. In an actual flow, d is the average depth of the flow. 
 We used the information gathered at the two stations, including the hydraulic parameters and the geometric 
dimensions, and employed the methods mentioned in this article for estimating roughness coefficients, to 
determine the n values for the stations studied. All over the world, the Manning relation is very popular and widely 
used in open channels with rough beds and with turbulent flows that gradually change (most of all in designing 
channels). The reason for this are that it has a simple form, the calculations involved are easy, and it can be used 
under different conditions. Therefore, the selection and estimation of n values are of special importance. In our 
research, we calculated and utilized n values for the stations under study by using the mentioned methods.   
 
The area under study 
 Given the expanse and spread of the drainage basin of the Karun River, we needed special information to 
achieve the goals of our study. Therefore, it is necessary to explain, briefly, the prevailing conditions at the two 
hydrometric stations situated in the area selected for our research. The two stations of Ahwaz and Mollasani were 
chosen because they contained more of the information we needed for our work. The Mollasani station is located 
35 kilometers from the city of Ahwaz , has a longitude of (4) and a latitude of (3) , and an altitude of 28 meters 
above sea level. The Ahwaz hydrometric station is situated at a distance of 35 kilometers from the Mollasani station 
has a longitude of (4) and latitude of (3), and an altitude of 20 meters above sea level (Daneshnia and Seidi, 2007).     
 
3. Results 
 We found several relations to characterize the parameters (variables) required for calculating the n values of 

the river Karun at the Mollasani and Ahwaz stations. The variables were  , and  was the average 

depth, the average diameter of the particles forming the channel bed , R the hydraulic radius , and B the width 
of the river. 
 
Table 1.  Summary of the results obtained from the relation (It is recommended that the four relations below be used for the two 

stations of Ahwaz and Mollasani) 
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Figure 3. Developing the relation for determining the value                     Figure 6.  Developing the equation for determining the 

value of n of n on the basis of                                           on the basis of at the Mollasani station 

   
 
 
 
 
 
 
 
 
 
 
Figure 4 . Developing the equation for determining the value                   Figure 7.  Developing the equation for determining the 

value of n of n on the basis of                                                   on the basis of  

 
 
 
 
 
                        
 
 
 
 
 
 
Figure 5 . Developing the equation for determining the value                            Figure 8 . Developing the equation for determining 

the value of n on the basis of  at the ahwaz station                                                      of n on the basis of  at the mollasani 
station 
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RESULTS AND DISCUSSION 
 

 The method of direct measurements was used to obtain observational data (slope, cross-section, particle size 

distribution on the channel bed, etc.) at two sections of the river Karun. The use of our proposed method in which 

new equations are employed for the two stations of Ahwaz and Mollasani situated along the course of the river 

Karun can result in determining appropriate n values , and hence lead to exact and close- to- reality estimation of 

the discharge of the river. The values of roughness coefficients calculated by using all of the relations, and by 

employing the curve showing particle size distribution of the channel, show that the obtained values are very 

different from those found through using the direct method. The reason for this is that these relations are empirical 

and mostly used for channels. At the Mollasani station, the Strickler relation and at the Ahwaz station the Julien 

relation can be used to some extent for estimating the roughness coefficients. Therefore, it is recommended that 

these two relations be cautiously used for determining the roughness coefficients at theses two stations.      
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