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Abstract. This paper deals with results of a systemized overview of the Chézy 

roughness coefficient calculation problem as one most frequently used empirical 

characteristics of hydraulic resistance. The overview is given in the context of the 

formation of reliable empirical data needed to support hydro-engineering 

calculations and mathematical modelling of open flows in river channels. The 

problem topicality is because of a large number of practical tasks which need such 

a pre-research. In many cases, the accuracy of determining empirical hydraulic 

resistance characteristics can largely affect the accuracy of solving tasks relating 

to designing hydraulic structures and water management regardless of chosen 

mathematical models and methods. 

Rivers are characterized by a significant variety of flow conditions; hydraulic 

resistance to flows in rivers can thus vary widely determining their flow capacity. 

Considering the variety of river hydro-morphology and hydrology, the Chézy 

roughness coefficient often appears to be the most complete characteristic of 

hydraulic resistance to open flows in river channels comparing with other integral 

empirical characteristics of hydraulic resistance. 

At present, there are a large number of empirical and semi-empirical formulas to 

calculate the Chézy roughness coefficient. The main aim of this study was to analyze 

and systematize them in the context of providing proper support to the open channel 

hydraulics tasks. To achieve the aim of the study, a literature review regarding the 

problem of determining the integral hydraulic resistance characteristics to open 

flow in river channels was performed, as well as formulas used to calculate the 

Chézy roughness coefficient in practice were explored and systemized. In total, 

43 formulas to calculate the Chézy roughness coefficient, as well as 13 formulas 

that can be used to estimate the Manning roughness coefficient were analyzed and 

systematized. Based on all these formulas, about 250 empirical equations can be 

compiled to calculate the Chézy coefficient depending on hydro-morphological 

peculiarities of rivers and river channels, hydraulic conditions, formulas 

application limits, and so on.  
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1. Introduction 

 

Rivers, riverine valleys, and riparian territories have traditionally been considered 

by humans as an important resource environment, despite essential threats connected 

with natural river waters [1]. Rivers are still the main source of drinking, industrial 

and agrarian water supply in the world, serve as reliable transport routes [2], and 

provide hydropower development [3]. They are extremely attractive places for 

urbanization and mass settlement of people. It is thus utterly irrational not to use the 

river environment in economics and vital activities. Moreover, rivers are among the 

crucial natural ecosystems, both local ones and of the world [4], and also are 

important for the recreation and tourism industry [5, 6]. Currently, more than one 

billion people in the world live in areas adjacent to rivers [7]. 

There are a lot of hydro-engineering tasks relating to open flow in river channels. 

Foremost, these are traditional hydraulic calculations of the river channels’ capacity 

and the position of the free water surface, which are essential ones for designing 

hydraulic structures [8–10]. There are also the special tasks of mathematical 

modelling to determine the parameters of flood wave propagation and water releases 

from reservoirs including dam-break flood waves [11–14], as well as prediction of 

general and local riverbed erosion [4, 15–18], alluvium transport and sedimentation 

[19–23], hydraulic modelling for designing highways [20], and other infrastructure 

within the river environment [17, 22, 23]. It should also be mentioned tasks for 

providing integrated approaches to water resources management in river basins [24] 

including flood control measures [25, 26], riverine ecosystem management, and river 

revitalization work [4, 27], and so on. 

The investigation and modelling of open flows in river channels is a complex 

problem. When solving it, independently on the research topic and methods used, 

a number of simplifications and assumptions are usually accepted. There are also 

a number of parametric uncertainties requiring an empirical pre-research to 

overcome them. First of all, they relate to establishing hydraulic resistances, which 

can vary significantly in time and space depending on many factors [8–10].   

Hydraulic resistance is the force with which the bed, banks of a river including 

its floodplain interferes with the movement of water flow. The key factors affecting 

hydraulic resistance in river channels are the following: elements of roughness 

including bottom ridges and riffles, turns and bends of the channel, heterogeneity of 

size and shape of the channel along the length, suspended and bottom sediments, 

vegetation, ice and others. Due to the variety of water flow conditions in river 

channels, their hydraulic resistance can vary widely determining their flow capacity, 

water flow velocities and discharges, water levels and flooding. 

When expressing the hydraulic resistance, the following integral empirical 

characteristics are usually used: the Chézy roughness coefficient C  (m1/2/s), the 

Manning (Gauckler – Manning) roughness coefficient n  (s/m1/3), and the Darcy – 

Weisbach friction factor  . There are three well-known empirical equations linking 

mean flow velocity V  to the hydraulic resistance expressed by these characteristics. 

They are the Chézy, Manning (Gauckler – Manning or Gauckler – Manning – 

Strickler), Darcy – Weisbach equations, accordingly [8–10]:  

 

fSRCV = ,                                                   (1) 
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where AQV /=  is the depth-averaged or cross-sectional averaged velocity (m/s), 

Q  is the water discharge (m3/s), hBA =  is the cross-sectional area of the flow 

(m2), B  is the average flow width (m), h  is the average flow depth (m), PAR /=  

is the hydraulic radius (m), P  is the wetted perimeter (m), fS  is the energy grade 

line slope (or the water surface slope); g  is the gravitational acceleration (m/s2). 

Usually, the Chézy roughness coefficient C  and the Manning roughness 

coefficient n  are used in calculating the averaged velocity of open flows; the Darcy – 

Weisbach friction factor   is used for calculating the averaged velocity water 

movement in pipelines [8–10]. However, the Darcy – Weisbach formulation of flow 

resistance may be used for open channels as well [21, 34]. 

Let the Chézy, Manning, and Darcy – Weisbach equations (1)–(3) be summarized 

as [23, 28–33]: 
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Then the following simple formal relationships between the roughness 

coefficients C , n , and the friction factor   are established: the Chézy coefficient 

C  may relate to the Darcy – Weisbach friction factor   as [9, 10]: 
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the Darcy – Weisbach friction factor   may relate to the Gauckler – Manning 

roughness coefficient n  as [34, 35]: 
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and, in turn, the Chézy roughness coefficient C  may relate to the Manning 

(Gauckler – Manning) roughness coefficient n  as: 

 

611
R

n
C =  or 

61R

C
n = .                                         (7) 

 

The equations (1)–(3) are considered to be valid for the quadratic region of 

resistances for the case of steady uniform flow in channels occurring when the depth 

h , flow area A , and velocity V  at every cross section are constant, and the energy 
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grade line slope (or the water surface slope, hydraulic slope) fS  is equal to the 

channel bed slope 0S ,  that is fS  = 0S . In general, uniform flow can occur only in 

very long, straight, and prismatic channels. Although the definition of uniform flow 

and the assumptions required to consider equations (1)–(3) are rarely satisfied in 

practice, the concept of uniform flow is central to the understanding and solution to 

many practical tasks of open-channel hydraulics [8–10]. 

Today, empirical characteristics of hydraulic resistance are used in numerous 

practical hydraulic and fluid mechanics tasks. In particular, they are used in the 

widespread one and two-dimensional flow models of shallow water (De Saint 

Venant equations in the French scientific community), which are successfully 

applied in mathematical modelling of flows with free surface [12, 21–23, 35, 36] 

including dam-break simulations [13, 14, 37, 38], torrential flows (or so-called flash 

floods) modelling [39, 40], sediment-laden flows modelling [21], debris flows 

simulation [33] and pollutant transport modelling [41], as well as the pyroclastic and 

granular masses movement modelling [42], and the simulation of large-scale 

atmospheric, sea and ocean currents [43] etc. They are used in the modern 

computational HEC-RAS River Analysis System supporting steady and unsteady 

flow water surface profile calculations, sediment transport computations, and water 

quality analyses etc. [44]. They are not used only in the Navier – Stokes equations 

of the real fluid motion and in Reynolds averaged equations of turbulent water flow, 

which describe the behaviour of an unsteady three-dimensional flow. However, 

results obtained from traditional hydraulic calculations and flow modelling due to 

shallow water models may be used as boundary conditions for computations with 

Reynolds and Navier – Stokes equations [17, 18, 27, 43–45]. 

 

2. Problem statement, aim and objectives of the research 

Because of the huge variety of conditions of water flow in open channels of natural 

rivers, the characteristics of hydraulic resistance to flow can vary in space and time 

significantly. They can vary depending on natural riverbed conditions and seasonal 

hydraulic and hydro-morphological conditions and so on, as well as under the 

influence of stochastic or even unpredictable factors including human activity. For 

example, in some parts of a river, the essential local elevations of water levels may 

occur due to compressions of the river channel downstream due to temporary 

formations, such as ice gorges, rubbish of logging, alluvial deposits etc. [46]. Often, 

depending on changes in the hydraulic resistance to flow, the same water levels in a 

river may correspond to different water discharges and vice versa. This complicates 

the solution of the majority of practical hydro-engineering tasks. In many cases, the 

accuracy of determining empirical hydraulic resistance characteristics can largely 

affect the accuracy of solving hydro-engineering problems relating to mathematical 

modelling of open flow in river channels regardless of chosen mathematical models 

or methods.  

Admittedly, the most general approach to determining the numerical values of 

hydraulic resistance characteristics, which we cannot directly gauge, is to determine 

them in the frame of a chosen mathematical flow model by solving an inverse 

hydraulic problem [47] taking into account gauged characteristics of flow (the water 

discharge, flow velocity, flow width and depth, wetted perimeter, water surface 

slope, river bed morphology etc.) in control flow cross sections. Such inverse tasks 
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are also called parameter identification problems of mathematical models [48]. The 

numerical values of the hydraulic resistance characteristics determined in the frame 

of solution of inverse hydraulic problems can be further successfully used in solving 

various practical hydro-engineering tasks concerning the traditional and special 

hydraulic calculations. 

However, the approach based on the solution of inverse problems has got not only 

important advantages promoting mathematical modelling but also a number of 

serious practical disadvantages. First of all, this approach may be applied only to 

rivers monitored by gauges or to well-gauging parts of rivers, which have a sufficient 

number of hydrological gauges to control actual flow characteristics (levels and 

discharges of water flow). As well as, there remains a need for large-scale field 

investigations of the river hydro-morphology taking into account spatial-temporal 

hydro-morphological changes occurring in the riverbed and floodplain for seasons, 

in particular, due to recent floods etc. In addition, the hydraulic resistance 

characteristics that have been identified in the frame of solving an inverse hydraulic 

problem may be adequately used only for the pre-chosen mathematical model, which 

was subject to parametric identification including its boundary and initial conditions. 

However, as practice shows [46], when resolving next predictive tasks, the boundary 

and initial conditions can vary significantly and unpredictably in time. They must be 

repeatedly adjusted using results of additional field research. Current remote sensing 

data make the task easier. However, this data is implicit. They also need to be 

identified [49, 50]. Eventually, for ungauged rivers, where hydrometric observations 

are not performed, the empirical approach using equations (1)–(3) still remains the 

only possible one. 

For example, in the simplest case, when the average flow width hB   and thus 

hR  , to identify the Gauckler – Manning roughness coefficient n  according to 

results of hydrological and hydro-morphological observations for a selected area of 

a river the empirical Manning equation (model) (2) may be used. In this case, to 

solve the inverse problem of parametric identification it is needed that within this 

area we know the water discharge Q  or depth-averaged or cross-sectional averaged 

velocity V , average flow depth h  and average flow width B , as well as marks of 

the river channel bottom levels bz  or water surface levels wz .  

Let LzS f /= , du zzz −=  be, where uz , dz  are marks of a river bottom or 

water levels in cross-sections of upstream and downstream of a selected area of the 

river channel of length L  along the flow. Then, according to Manning equation (2), 

the roughness coefficient n  may be estimated (identified) as: 

 

V

L

zz
h

n

du −

=

32

.                                                (8) 

 

The relative simplicity of determining the roughness coefficient n  by solving the 

inverse problem for open-channel flows based on the use of the Manning equation 

(2) allowed developing summarized tables of its values depending on open channel 

types, qualitative description of channel morphology, and conditions of flow [8–10]. 

These tables have been widely used in practice. However, for different watercourses 

and cases described in these tables, the roughness coefficient values vary 
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substantially including significant variations in some range (minimum, normal, 

maximum values) for each special case [8–10]. Therefore, the ultimate choice of 

a design value of the roughness coefficient value in each specific case depends 

essentially on a decision-making expert. 

In turn, to identify the Gauckler – Manning roughness coefficient n  using Darcy – 

Weisbach equation (3) and get the same result (8) we should consider not only the 

appropriate equation (3) but also the condition (6) linking formally the Darcy – 

Weisbach friction factor   and the roughness coefficient n . The key issue here is 

that in a formal way the friction factor   may be determined much more accurately 

as a function of relative roughness and Reynolds number characterizing flow regime 

[51]; whereas, the roughness coefficient values obtained from (8) do not depend on 

Reynolds number and flow regime. Further, to identify the roughness coefficient n  

using Chézy equation (1) and get the same result (8) we should consider not only the 

appropriate equation (1) but also the condition (7) linking the Chézy coefficient C  

and the Gauckler – Manning coefficient n . Herewith, the Chézy coefficient C  may 

relate simultaneously to the Darcy – Weisbach friction factor   as (5). However, 

because equations (1)–(3) are empirical ones, actually, they cannot give the same 

results. Eventually, in a more general case, a more appropriate formula for 

identifying the roughness coefficient based on the Chézy equation (1) can be 

written as: 

 

V

L

zz
h

n

duy −


=

+5,0

,                                              (9) 

 

where y  is some degree indicator modelling the empirical relationship between the 

Chézy roughness coefficient C  and the Manning roughness coefficient n . 

The formula (9) seems to be more complete to identify the Gauckler – Manning 

roughness coefficient n  than the formula (8) as it contains the indicator y , which 

can vary. This may also indicate that the Chézy equation (1) is a more universal and 

convenient empiric model to monitor the hydraulic resistance to open flow than 

Gauckler – Manning (2) and Darcy – Weisbach (3) equations. This is especially true 

of natural watercourses like rivers, which are characterized by a significant variety 

of flow conditions, and where it is quite problematic, for example, to determine the 

Darcy – Weisbach friction factor  .  

Today, there are a large number of empirical and semi-empirical formulas used 

to calculate the Chézy roughness coefficient C . The main aim of this study is to 

systematize these formulas in the context of providing a proper support for 

mathematical modelling of open flows in natural channels. To achieve the aim of the 

study, the following objectives were set: (1) to perform a literature review regarding 

the problem of estimating the integral hydraulic resistance characteristics to open 

flow in river channels; (2) to explore and systemize principal empirical and semi-

empirical formulas, which may be used to estimate the Chézy roughness coefficient 

as an integral characteristic of hydraulic resistance to open flow in river channels; 

(3) to detect existing challenges to computing the Chézy roughness coefficient, and 

propose ways of their overcoming. 
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3. Materials and methods 

 

As materials for the research we used well-known classical literature on open 

channel hydraulics [8–10], reference books, tutorials, and manuals [22, 44, 52–57], 

articles presenting the results of original research on calculating hydraulic resistance 

in open channels [28–34, 58–60], and, in particular, articles devoted to determining 

the Darcy – Weisbach friction factor [51, 61–64], the Gauckler – Manning roughness 

coefficient [52, 65–69], and the Chézy resistance coefficient [28, 70–73], as well as 

recent publications on mathematical modelling of uniform and non-uniform water 

flow in open channels [22, 23, 25, 27, 35–39, 41, 43, 45]. 

As methods, when researching, there were used: historical method, method of 

dialectical cognition and generally scientific methods of theoretical and empirical 

research, heuristic methods, methods of analysis and synthesis, methods of expert 

evaluation and comparison, methods of formalization and modelling, systemic 

approach to the investigation of factors and mechanisms their development. As a 

result of the study, a general classification and systematization of main empirical and 

semi-empirical formulas and dependencies to compute the Chézy resistance 

coefficient was proposed taking into account the conditions and features of their 

application in practice. 

 

4. Formulas used to calculate the Chézy resistance coefficient 

 

At present, there is a large number (more than 100) of different empirical and semi-

empirical formulas and dependencies by which the Chézy resistance coefficient can 

be calculated [8–10, 28, 29, 34, 52–59, 61, 70–73]. Many of them, for example, may 

be derived from the dependences linking the Chézy resistance coefficient with the 

roughness coefficient and the Darcy – Weisbach friction factor. The latter ones, in 

turn, can be also determined due to various empirical formulas [58, 59, 62, 64, 71]. 

Most of the examined formulas have limited application meeting specific flow 

conditions, or were derived from poor laboratory or natural material. However, 

among the wide variety of formulas to compute the Chézy resistance coefficient the 

most well-known and original dependencies and equations most used in practice 

have been revealed.  

In general, all the existing empirical formulas and dependencies used to calculate 

the Chézy coefficient can be divided into four main groups. 

The first group consists of formulas in which mostly there is established the 

dependence of the Chézy coefficient C  on the roughness coefficient n  

characterizing the roughness of the banks and the bottom of a river channel. They 

also include, the hydraulic radius R  or the average flow depth h  provided that the 

average flow width hB   and hR  : 

 

( )RnfC ,= , or ( )hnfC ,= .                                      (10) 

 

The second group consists of formulas in which the value of hydraulic resistance 

is determined by the height of protrusions of the roughness   of a channel or average 

diameter d  of soil particles making up the bottom and banks of a river channel, or 

the height rh  and length rl  of the river bottom ridges: 
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( )rr lhdfC ,,, = .                                             (11) 

 

The third group consists of formulas taking into account the effect of the water 

surface slope fS , as well as the average flow depth h  or hydraulic radius R : 

 

( )hSfC f ,=  , or ( )RSfC f ,= .                                  (12) 

 

The fourth group consists of formulas taking into account the influence of the 

relative width hB /  (or RB / ) of flow: 

 

( )hBfC /= , or ( )RBfC /= .                                  (13) 

 

In addition, a separate implicit formulas group can also be singled out. To 

determine the coefficient C  using them, a trial-and-error procedure (iterative 

calculation) has to be used. 

 

4.1. Formulas to calculate the Chézy coefficient C  taking into account the 

roughness coefficient n   

 

Among empirical formulas and relationships of the type of (10) the most frequently 

cited the Manning, Guanguillet-Kutter, Bazin, Forchheimer, Pavlovskii formulas are 

[8–10, 29, 34, 52-59, 61, 70–73]. Below, Table 1 shows some of them. 

 

Table 1 – Formulas to compute the Chézy roughness coefficient C   

taking into account the roughness coefficient n  and hydraulic radius R  

or average flow depth h  

 
Formula author 

(s), year, 

references 

Equation to calculate the Chézy 

roughness coefficient C  

Recommended 

usage limits 

1 2 3 

Guanguillet, and 

Kutter (the G. K. 

formula), 1869, 

[8-10, 71, 73] 

( ) RnS

nS
C

f

f

//00155.0231

/1/00155.023

++

++
=  , (14) 

where fS  is the water surface slope (hydraulic 

slope). 

0.1  R 5.0 m, 

fS 0.0005, 

0.011  n 0.04 

The simplified G. 

K. formula, 1869, 

[71] Rn

n
C

231

123

+

+
= .               (15) fS 0.0005 

The G. K. formula 

approximation by 

the exponential 

function, 1890, 

[8-10, 71] 

yR
n

C
1

= ,                     (16) 

where y  is the degree indicator modelling the 

relationship between the Chézy coefficient C  

and the roughness coefficient n . 

0.1  R 5.0 m, 

0.011  n 0.04 

Manning, 1890, 

[8-10, 71] 
611

R
n

C = .                    (17) 
0.1  R 5.0 m, 

0.011  n 0.04 
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1 2 3 

Bazin, 1897,  

[8-10, 71] 

Rm
C

+
=

1

87
,                  (18) 

where m  is a coefficient of roughness whose 

values are the following: 

Description of channel m  

Very smooth cement of planned wood 

Unplanned wood, concrete, or brick 

Rubble masonry, or poor brickwork 

Earth channels in perfect condition 

Earth channels in ordinary condition 

Earth channels in rough condition 

0.11 

0.21 

0.83 

1.54 

2.36 

3.17 
 

This formula was 

developed 

primarily from 

data collected 

from small 

channels; its 

application is 

deemed to be less 

satisfactory than, 

for example, the 

G.K. formulas 

(14), (15) [8]. 

Forchheimer, 

1923, [71] 
511

R
n

C = .                    (19) 
0.1  R 5.0 m, 

0.011  n 0.04 

Pavlovskii, 1925, 

[8-10, 55] 

yR
n

C
1

= ,                      (20) 

( )1.075.013.05.2 −−−= nRny . 

0.1  R 3.0 m, 

0.011  n 0.04 

Bakhmetyev, 

Agroskin, 1949, 

[52, 71, 73] 

Rg
n

C lg4
1
+= ,              (21) 

0.1  R 5.0 m, 

0.011  n 0.04 

Altshul’, 1952, 

[63] 

61

6 025.0)80(
25















+
=

fSRn

R
C , (22) 

where fS  is the water surface slope. 

0.1  R 5.0 m, 

0.011  n 0.04 

Agroskin, and 

Shterenlicht , 

1965, [52, 70] 

( ) Rn
n

C lg3005.27
1

−+= .        (23) 
0.1  R 5.0 m, 

0.011  n 0.04 

Shterenlicht , 

1965, [53, 70]  
R

n

R

n
C lg

003.042.01 +
+= .      (24) 

2.0  R 5.0 m 

(artificial canals), 

3.0  R 20.0 m 

(river channels); 

0.02  n 0.2 

Talmaza, 1967, 

[70] 
( ) hn

n
C lg10021

1
−+= .           (25) 

5.0  R 10.0 m 

0.01  n 0.2 

Zheleznyakov, 

1968, [52, 70] 









+++= Rg

n

g
C lg

1

13.04

1

2

1 2 , 

(26) 

( )













−−= R

g

n
lg1

13.0

1
 . 

4.0  R 16.0 m 

0.01  n 0.2 

Mamedov, 2011, 

[70] R
n

g

n
C lg

32.01.4

3.21

+
+= .         (27) 

0.1  R 20.0 m 

0.01  n 0.06 

 

Calculation of the Chézy roughness coefficient C  taking into account the 

roughness coefficient n  and hydraulic radius R  (or average flow depth h ) stays still 
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the main approach to determine the hydraulic resistance of natural channels. 

Admittedly, however, formulas of the type of (10) including the formulas (14)–(27) 

are approximate; their accuracy is deemed not high [8–10, 70–73]. First of all, this 

is because of the variety of river channels, and the fact that each of these formulas 

best corresponds to the specific flow conditions for which it is derived. However, 

these formulas can give quite acceptable results. In particular, their accuracy can be 

significantly improved in the case of preliminary identification of the roughness 

coefficient n  taking account different depths and flow velocities according to current 

field data [28, 29, 54, 60, 61, 65–70]. Although, it requires significant efforts and 

time losses and cannot always be applied in practice. 

 

4.2. Computing the Gauckler – Manning roughness coefficient n   

 

The Gauckler – Manning roughness coefficient n  characterizes a measure of the 

factional resistance exerted by a channel on flow. Its value can also reflect other 

energy losses, such as those resulting from unsteady flow, extreme turbulence, and 

transport of suspended material and debris, that are often difficult or impossible to 

isolate and quantify [54, 65]. 

An estimated n  value can be obtained in one of the following ways [54]: 

1) computed (identified) from the n -value equation (2) from known water 

discharge, channel geometry, and water-surface profile; this n  value reflects a stage-

specific n  value with or without increments of roughness attributable to vegetation, 

obstructions, and other flow-retarding factors; 

2) selected from a published n -value table [8–10, 54, 65]; usually, this value 

reflects only the boundary friction from the bed and bank sediments and does not 

include additive effects from other flow-retarding factors, such as channel-shape 

variation, random obstructions, and a special vegetation; 

3) estimated by comparison with photographs of channels for which n  values 

have been pre-computed according to the way (1) [54]; or 

4) calculated by means of empirical formulas the relations between flow 

resistance and hydraulic and particle-size characteristics of stream channels, that are 

similar to those of the sites having used in the development of these equations. 

Below, Table 2 shows similar empirical equations. Some of these formulas may 

be of considerable practical interest, although they have limited applications because 

of referring to one-dimensional flow models. The most important factors affecting 

the n  values are the type and size of the materials composing the bed and banks of 

river channels, vegetation factor, energy gradient and the channel shape. 

  

Table 2 – Formulas to compute the Gauckler – Manning roughness coefficient n  

 
Formula 

author (s), 

year, 

references 

Equation to calculate the 

Gauckler – Manning roughness 

coefficient n  

Common application 

recommendations 

1 2 3 

Henderson, 

1966, [54] 

61
50034.0 dn = ,        (28) 

where 50d  is the median size of 

the bed material (feet).  

Streams with gravel beds. The 

equation is appropriate only for 

relatively high within-bank flows. 
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1 2 3 

Limerinos, 

1970, [54, 65] 

)/log(0.216.1

0926.0

84

61

dR

R
n

+
= , (29) 

where R  is the hydraulic radius 

(feet); 84d  is the intermediate 

particle diameter (feet), that equals 

or exceeds that of 84 per cent of 

the particles; or 

)/log(0.216.1

8204.0

84

61

dR

R
n

+
= ’ 

where R , 84d  are measured in 

meters.  

Straight channels, relatively wide 

and of trapezoidal shape, relatively 

free of flow-retarding effects 

associated with irregular channel 

features and vegetation. The 

equation provides the reliable 

estimate of n -values for high 

within-bank flows in gravel-bed 

channels with small bed-material 

transport and insignificant 

vegetation. Parameter limits are: 

0.02  50d   0.83 (feet); fS   

0.002; R  11.0 (feet). 

Petruk, and 

Bosmajian, 

1975, [65] 

,
1

2
1

5.0

3

42

0

0












































+

=


R

nLgA

AC

nn

id

(30) 

where 0n  is a base n  value [54], 

estimated excluding the effect of a 

vegetation; dC  is the effective-

drag coefficient for the vegetation 

in the direction of flow;  iA  is 

the total frontal area of vegetation 

blocking the flow in the reach, and 

A  is the cross-sectional area of 

flow (m2); L  is the length of 

channel reach (m). 

This formula can be recommended 

in the case of densely vegetated 

floodplains. 

Froehlich, 

1978, [54] 

=
− 44.0

50
14.0

)/(245.0 dRRn  

30.0
)/( BR ,         (31) 

where R  is the hydraulic radius, 

and B  is the top width of stream 

(feet), 50d  is the intermediate 

particle diameter (feet), that equals 

or exceeds that of 50 per cent of 

the particles. 

Channels with water surface 

slopes between 0.0003 and 0.018, 

and R   19 feet. This equation is 

deemed the best to specific 

applications, such as estimating n  

values on narrow river channels 

with dense stream bank 

vegetation. 

Bray, 1979, 

[54] 

177.0
104.0 fSn = ,      (32) 

where fS  is the slope of water 

surface (feet per foot). 

 

Parameter limits are: 0.06  50d  

0.48, feet (ft); 0.00022  fS   

0.015; 47  B  1,790 ft; 5

50/ dh  166. The equation is 

inappropriate for channels, where 

the n   value is expected to vary 

with the flow depth h , such as 

mountain streams and narrow 

channels with dense vegetation. 
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Abalyants, 

1981, [57] 

( ) 121
03.1 BRnn = ,   (33) 

where 0n  is the roughness 

coefficient of flat flow, R  is the 

hydraulic radius, and B  is the 

width of stream (m). 

This formula is useful when one 

considers the influence of the 

channel section shape. 

Jarrett, 1984, 

[54, 61] 

16.038.0
32.0

−
= RSn f ,   (34) 

where fS  is the energy gradient  

(feet per foot), and  is the 

hydraulic radius (feet). 

Channels with energy gradients 

from 0.002 to 0.09 and hydraulic 

radii from 0.5 to 7 feet. The ratios 

of hydraulic radius to 50d                  

( 50/ dR ) are admitted less than 5. 

Kang, 1985, 

[33] 

34.0
39.0 hn = ,       (35) 

where h  is the flow depth (m). 

This formula can be applicable to 

debris flows channels. 

Sauer, 1990, 

[54] 

08.018.0
11.0 RSn f= ,   (36) 

where fS  is the slope of water 

surface (feet per foot), and R  is 

the hydraulic radius (feet). 

Application recommendations are 

similar to those for the Froehlich 

equation (31). 

Fisher, 1992, 

[67] 











+=

RV

B
nn v0239.00 , ( 37) 

where 0n  is a base n  value [54] 

estimated excluding the effect of a 

vegetation; vB  is the volumetric 

blockage factor (m); V  is the 

averaged velocity across flow 

depth (m/s); R  is the hydraulic 

radius (m). 

It is assumed that each sub-area is 

entirely filled with vegetation of 

uniform height. With this 

assumption, the volumetric 

blockage factor is accepted as 

equal to the ratio of vegetation 

height to flow depth. 

Reed et al., 

1995, [67] 

hn /= ,          (38) 

where h  is  the flow depth (m),   

is the vegetation resistance 

parameter (sm1/6). 

The   value is: low density 

vegetation, and h  > 0.3 m,   = 

0.4; moderately dense vegetation, 

and h  = 0.3 m,   = 1.6; very 

dense vegetation, and h  < 0.3 m, 

  = 6.4. 

Fei, 2003, [33] 

3

2

10

)1(
62.1

1

















−
=

DSh

ss

n
f

vv , (39) 

where vs  is the solid volume 

concentration of the debris flow; 

h  is the flow depth (m); fS  is the 

hydraulic gradient (hydraulic 

slope); 10D  is the characteristic 

grain size for which 10 per cent of 

the bed material is finer in 

diameter (m). 

This formula can be applicable to 

debris flows channels. 

R
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Zhu et al., 

2020, [33] 

+







=

55.0

84083.0
R

d
n  

66.045.1

70.0

50

0075.0 fv Ss
d

h













+ , 

(40) 

where, see also (39), R  is the 

hydraulic radius (m); h  is the flow 

depth (m); 84d  and 50d  are 

particle diameters (m). 

This formula can be applicable to 

debris flows channels. 

 

Values of the roughness coefficient n  obtained by means of formulas (28)–(40) 

may be assigned to conditions that exist at the time of a specific flow event, to 

average conditions over a range in stage, or to anticipated conditions at the time of a 

future event. However, roughness values for floodplains can be essentially different 

from values for channels; therefore, roughness values for floodplains should be 

determined independently from channel values [65]. For that, there are appropriate 

analytical procedures that enable considering morphological heterogeneity of 

channel roughness, in particular, along the channel perimeter, as well as adjustment 

factors of n  values for floodplains [8–10, 65]. 

 

4.3. Formulas to calculate the Chézy coefficient C  taking into account the size 

of protrusions of the roughness and bottom ridges 

 

Formulas considering the effect of the protrusions roughnesses on the Chézy 

coefficient are usually proposed for mountainous and foothills rivers. In turn, the 

influence of hydraulic resistance of bottom ridges is taken into account in the 

formulas being developed mainly for large canals and plain rivers, where there are 

conditions to exist of the bottom ridge phase of sediment movement. 

In the practically non-erosion rivers channels, the roughness of the protrusions is 

usually estimated by the height of the protrusions   or the parameters /h , 

h/= , where h  is the average depth of flow.  

In the case of the erosion channels characterizing by dynamic morphological 

changes in their structure, hydraulic resistances are determined by both the 

roughness of bottom sediment particles and structural channel formations such as 

riffles, ridges, dunes, etc. The last ones have certain sizes and different shapes and 

characterizing by certain mobility [52, 56, 57]. Therefore, in general, there can be 

revealed two types of the river channel bottom roughness. The first type concerns 

micro-roughness characterizing by the size of the bottom fractions of sediments. The 

second type includes macro-roughness forms characterizing by the size of the bottom 

ridge formations. Then, the Chézy coefficient for a certain channel section taking 

into account the micro- and macro-roughness can be written as [52, 53, 57]: 

 

222

111

rCCC
+=



,                                              (41) 
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where C  is the Chézy coefficient component accounting for the influence of 

hydraulic resistance due to the micro-roughness of the bottom fractions of sediments, 

and rC  is the Chézy coefficient component accounting for the influence of hydraulic 

resistance due to the macro-roughness of bottom ridge formations. 

In more general cases, the formula (41) may be supplemented by other 

components to consider the effects of vegetation, ice cover, channel meandering, and 

other factors [52–54, 57, 65]. 

Below, Table 3 shows some empirical formulas to calculate the Chézy roughness 

coefficient C  taking into account the size of protrusions of the roughness and 

parameters of bottom ridges according to (11). It should be noted, in deriving most 

of the formulas of the type of (11), the Darcy – Weisbach empirical equation (3) with 

the transformation (5) had been used. 
 

Table 3 – Formulas to calculate the Chézy roughness coefficient  taking into 

account the size of protrusions of the roughness and parameters of bottom ridges 

 
Formula author 

(s), year, 

references 

Equation to calculate the Chézy 

roughness coefficient C  

Common application 

recommendations 

1 2 3 

Strickler, 1923, 

[56, 57, 73] 

( ) 61
67.6 = RgC  ,       (42) 

where  is the hydraulic radius (m),   

is the height of protrusions (m). 

d= , where d  is the 

average diameter of the 

bottom sediments. 

Colebrook, and 

White, 1937, [59] 
( )= RC 12log18 .          (43) 

Rivers with rough 

turbulent flows. 

Makkaveev, 1947, 

[74] 

61

015.3 









=

h
gC ,       (44) 

where h  is the average depth of flow and 

  is the height of protrusions (m).  

d= , where d  is the 

average diameter of the 

bottom sediments. 

Williamson, 1951, 

[62] 

( ) 31
113.0 R= ,          (45) 

gC 8= , where   is the Darcy – 

Weisbach friction factor. 

d= , where d  is the 

average diameter of the 

bottom sediments. 

Goncharov, 1955, 

[52, 56, 57] 


=

R
gC

15.6
lg24 ,        (46) 

where R  is hydraulic radius (m), and   

is the height of protrusions (m). 

For bed sediments 

forming bed paving 

= 0.5 50d ; for soils 

carried by the flow  = 

0.7 5d . 

Zegzhda, 1957, 

[52, 56, 57] 

25.4lg4
8

+


= h

g

C
,       (47) 

where h  is the average depth of flow. 

Small rivers with 

rectangular-shaped 

channels. 

Knoroz, 1960, 

[52, 56, 57] 

2181

16.3 



















=

r

r

r
r

h

l

h

R
gC , (48) 

where rh  is the height (m), rl  is the 

length of bottom ridges (m). 

Rivers with scaly-

shaped ridges with 

developed turbulent 

zones within small sand 

channels. 

C

R
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1 2 3 

Graf, Limerinos, 

Griffiths, and 

Grishanin, 1966-

1977, [52, 57, 73, 

75] 

 







+


= b

h
agC lg ,      (49) 

where  values of a , b  are: 

Authors a  b  

Graf, W. 5.75 3.25 

Limerinos, J.   5.66 0.99 

Griffiths, J. 5.60 2.15 

Grishanin, K. 5.66 – 5.30 

  

Gravel and pebble 

channels with a fixed 

bottom or channels with 

a ridgeless nature of 

sediment movement; 

 = 50d . 

Zudina, 1973, [52] 









+


= 21 lg K

h
KgC ,    (50) 

where h  is the average depth of flow and 

  is the height of protrusions (m). 

For movable sediments 

and if 0.42 dh /  70: 

 = 50d , 1K  = 6.0, 

2K  = 3.7. 

For river bed paving 

and if 0.28 dh /  52: 

 = 80d , 1K  = 5.9, 

2K  = 4.7.  

Radiuk, 1978, 

[52] 

01

0

m
h

CC 









= ,       (51) 

where values of 0C  and 0m  are: 

Limits of /h  0C , 

m0.5/c 
0m  

0.4  /h  1.0 9.8 0.50 

1.0  /h  5.0 12.9 0.50 

5  /h  25 16.6 0.25 

25  /h  250 22.2 0.17 

250  /h  700 34.4 0.10 
 

If protrusions are 

homogeneous:   = 

(0.58÷0.72) d , where 

d  is the average size of 

flooded stones.  

As well as, it is 

applicable for dL /

10, /h 1 if some 

protrusions are not 

flooded and for dL /

10 if all protrusions 

are flooded, where L  

is the distance between 

the protrusions (m). 

Snischenko, 1982, 

[52, 57] 

0075,023,0 +=
r

r
r

l

h
 ,      (52) 

rr gC 8=  

where rh  is the height (m), and rl  is the 

length of bottom ridges (m). 

It is applicable to the 

cases of the formation 

of scaly-shape ridges 

(dunes). 

Sterenlicht, and 

Polad-zade, 1984,  

[53] 





















=

r

r

r
r

h

l

h

R
gC 18.6 ,        (53) 

where R  is hydraulic radius (m). 

Application 

recommendations are 

similar to those for the 

equation (52). 

Yen, 1991,  

[34, 62] 









+


−=

9.0Re

95.1

12
log2

8 Rg

C
, (54) 

where Re  is the Reynolds number. 

It can be applicable to 

flow with Re   3104 

and the relative 

roughness R/=  < 

0.05. 
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Fenton, 2010,  

[34, 62] 






















+


−=

9.0

Re

2

12
log2

8 Rg

C
, (55) 

where  is hydraulic radius and  is the 

height of protrusions (m); Re  is the 

Reynolds number. 

Application 

recommendations are 

similar to those for the 

Yen equation (54). 

 

Most of the formulas listed in Table 3 have quite limited applications in practice. 

To get better results, the coefficients of these equations should be corrected based on 

data from detailed field investigations. 

 

4.4. Formulas to calculate the Chézy coefficient C  taking into account the effect 

of the water surface slope fS   

 

Admittedly, the adequate determination of the roughness coefficient n , as well as of 

protrusions of the channel roughness or the size of sediment ridges is one of the most 

difficult problems in open channel hydraulics. Therefore, researchers try developing 

formulas to determine the Chézy coefficient C  that not contain above-mentioned 

parameters. One approach is to use the water surface slope (hydraulic slope) fS  as 

a determining parameter. The idea is the Chézy coefficient does depend on this 

parameter, and, sometimes, it does significantly. Eventually, the water surface slope 

fS  is used explicitly in many formulas determining the Chézy coefficient C  and 

the roughness coefficient n .  

Practice shows, when assessing the hydraulic resistance characteristics for 

open-channel flows, it is especially important to take into account the hydraulic 

slope in the case of unstable channels. Numerous field studies have revealed 

repeatedly, the water flow in unstable channels is able to arbitrarily change the size 

of protrusions of the roughness of movable bottom, to convert the movement of 

sediments from ridge-free to the bottom-ridge movement, and vice versa, as well 

as build or restore channel bed [52]. As a result, the hydraulic resistance of a river 

channel can change dynamically, and then the water surface slope, which integrally 

takes into account the influence of various hydro-morphological factors on 

hydraulic resistance, can appear to be a more informative hydraulic resistance 

characteristic, than, for example, the roughness coefficient n . Table 4 shows 

several formulas of the type of (12). 

 

Table 4 – Formulas to calculate the Chézy roughness coefficient  taking into 

account the effect of the water surface slope  

 
Formula author 

(s), year, 

references 

Equation to calculate the Chézy 

roughness coefficient C  

Common application 

recommendations 

1 2 3 

Matachievitch, 

1911, [76, 77] 

007,0102,0
4.35

−
= fS

fShC ,      (56) 

where h   is the average flow depth (m). 

Relatively stable self-

regulating river 

channels. 

R 

C

fS
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Winkel, 1926, 

[76] 

( )141141143
210185 ff SSRC −= , 

 (57) 

where  is the hydraulic radius (m). 

Relatively stable self-

regulating river 

channels. 

Shestakova, 1968, 

[52] 

2
1

k
fSkC = ,            (58) 

where 1k , 2k  are coefficients whose 

values are accepted the following: 

River category 
1k  2k  

A. Small plain rivers 22.0 –0.07 

B. Restless rivers in 

flood conditions 
18.5 –0.10 

C. Small mountain 

rivers with pebble-

boulder channel 

7.21 –0.25 

 

There are usage limits 

depending on the river 

category: A. fS  = 

0.0002 ÷ 0.0005, h   

1.0 m, B  100.0 m;  

B. fS  = 0.0002 ÷ 

0.0055, h   3.0 m, B  

100.0 m.  

C. fS  = 0.002 ÷ 0.011, 

B  50.0 m; where B  

is the average flow 

width and h  is the 

average flow depth (m). 

Altshuhl, and  

U-Van Thein, 

1973, [74, 76] 

26
8.14
61

−













=

fS
C .           (59) 

Canalized rivers, and 

fS  = 0.00002 ÷ 

0.0006. 

Grishanin, 1979, 

[78] 

5,0

1
















=

fSB

gh

M
C ,         (60) 

( ) 5.025.0
QgBhM = ; 

where B  is the average flow width and h  

is the average flow depth (m); Q  is the 

water discharge (m3/s). 

For relatively stable 

self-regulating river 

channels M ≈ 1. 

Aivazyan, 1979, 

[52, 74] 

5,0

31
21

8















+
=

RSkk

g
C

f

,     (61) 

where  is the hydraulic radius (m); 1k , 

2k  are coefficients whose values are 

accepted the following: 

Channel category and 

conditions 1k  2k  

In bound 

soils and 

silted 

sands 

Above 

average 
0.015 0.23 

Average 0.016 0.26 

Below 

average 
0.019 0.31 

In sands Average 0.030 0.12 
 

fS  = 0.00002 ÷ 0.002, 

and R  = 0.10 ÷ 2.61. 

 

In general, there are some difficulties in choosing an acceptable empirical 

formula to calculate the Chézy coefficient , which does not contain channel 

R

R

C
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roughness parameters. However, it is quite possible to choose similar formulas being 

effective for partial cases. 

 

4.5. Formulas to calculate the Chézy coefficient C  taking into account the 

influence of the relative width hB /  or RB /  of flow 

 

As practice shows, the shape of channel cross-sections can also affect significantly 

hydraulic resistances to open flow in rivers. However, since, the cross-sections 

shapes of river channels can be very diverse, the formal quantitative assessment of 

their impact on hydraulic resistances is a significant challenge. 

In order to simplify the task, the shape of a river channel cross-section is usually 

estimated by the ratio of the width B  to the hydraulic radius R  ( RB / ), or by the 

ratio of the width B  to the average depth h  ( hB / ) of flow. Thereby, a uniform open 

flow with an arbitrary cross-sectional shape is reduced to a flat flow with depth 

Rh = . Table 5 shows several formulas of the type of (13). 

 

Table 5 – Formulas to calculate the Chézy roughness coefficient  taking into 

account the relative width  or  of flow 

 
Formula author 

(s), year, 

references 

Equation to calculate the Chézy 

roughness coefficient C  

Common application 

recommendations 

1 2 3 

Altunin, 1962, 

[56, 57] 

( )( )  5.02
432.0 += hBgC ,     (62) 

where  is the average flow width and 

 is the average flow depth (m). 

hB  , hR  . 

Radiuk, 1978, 

[52] 

3

2

4

1

1

K

K
f

K

SK

Q

h

B
C














= ,     (63) 

where fS  is the water surface slope;  

is the water discharge (m3/s); 1K , 2K , 

3K , 4K  are coefficients whose values 

are accepted the following: 

B (m) 
1K  2K  3K  4K  

4÷10 36.8 0.32 0.49 0.31 

14÷45 12.1 0.07 0.60 0.29 

46÷100 13.2 0.07 0.46 0.36 

 100 38.3 0.01 0.55 0.23 
 

Rivers and separate 

sections of rivers with 

rapids and alluvial 

channels.  
 

Borovkov, 1989, 

[56, 57] 

85,1lg3lg2
1

−+=
R

B

k

R


,      (64) 

2

8

C

g
= ,  

where   is the Darcy – Weisbach friction 

factor; k  is the particles size of sediments 

(m). 

River channels with 

sandy sediments if  

hB  , . 

C

hB / RB /

B

h

Q

hR 
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1 2 3 

Simanovich, 

1998, [56, 57] 

( )( )PahBg

C
CC ~2

000464.0
78.0

3
0

0
−

+= ,    (65) 

where 0C  is the Chézy coefficient for 

conditions of a flat flow; it can be 

determined according to formulas of the 

type of (10); a~  is the relative width of the 

wall layer; P  is the probability of 

exchanging the amount of motion.  

It is accepted the more 

homogeneous the flow 

is the smaller value of 

the probability P  is 

appointed. 

 

Table 5 shows the simplest formulas that can be used to calculate the Chézy 

coefficient taking into account the relative flow width. The formula (63) can also be 

very useful to identify the Chézy roughness coefficient  based on measured values 

of B , h , fS , and Q . 

 

4.6. Implicit empirical formulas to calculate the Chézy coefficient  

 

Table 6 shows a few implicit empirical formulas used to calculate the Chézy 

roughness coefficient C  depending on different parameters. These formulas are 

mentioned in the literature most often (see, [28, 51, 52, 62, 71, 79]).  

 

Table 6 – Examples of implicit empirical formulas to calculate the Chézy 

roughness coefficient C   

 
Formula author 

(s), year, 

references 

Equation to calculate the Chézy 

roughness coefficient C  

Common application 

recommendations 

1 2 3 

Colebrook, and 

White, 1937,  

[28, 51, 62] 









+


−=

 Re

5.2

12
log2

1

R
,   (66) 

2

8

C

g
= , 

where   is the Darcy – Weisbach friction 

factor; R  is the hydraulic radius (m);   

is the height of protrusions (m); Re  is the 

Reynolds number. 

For partly rough 

turbulent flows. 

Thijsse, 1949, 

[79] 









+


−=

Re312
log18

C

R
C ,       (67) 

where   is the absolute roughness (m); 

R  is the hydraulic radius (m). 

For the entire domain of 

turbulent flows. 

Powell, 1950,  

[8, 71] 








 
+−=

R

C
C

Re4
log42 ,      (68) 

where   is the absolute roughness (m); 

R  is the hydraulic radius (m); Re  is the 

Reynolds number. 

For the entire domain of 

turbulent flows. 

C

C
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Artamonov, 

Kroshkin, and 

Talmaz, 1972, 

[52] 

m
h

gKC

1

4.7 









= ,        (69) 

















+










+

+

−
= 2231lg

1

5,1 hh

m

m
K , 














+

+
=



 3,0
2

Cg

g

g

C
m , 

where h  is the average depth of flow (m), 

  is the height of protrusions of the 

roughness (m). 

Parameter limits: 

bd= , where bd  is 

the weighted average 

diameter of sediments 

in the river bed paving; 

/h =1÷1000; m 1,5. 

Agroskin, and 
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1981, [52] 
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where n  is the Manning roughness 

coefficient (s/m1/3); R  is the hydraulic 

radius (m). 

Parameter limits:  

0.1  R 5.0 m, 

0.011  n 0.04 

 

Although implicit formulas necessitate an iterative calculation method usage, 

they can be successfully implemented in practice in mathematical modelling of open 

flows. In particular, when using implicit formulas, the corresponding explicit 

formulas, which involve the same parameters as implicit equations do, can be used 

to obtain first approximations of the Chézy coefficient estimations. Such an approach 

can appear to be quite useful to optimize the iterative process. 

 

5. Discussion 

 

In general, there is no ideal way or method to determine the Chézy roughness 

coefficient. Among the main challenges to be highlighted there is the uncertainty of 

hydro-morphological changes associated with sedimentation and erosion activity of 

natural watercourses, and the seasonal changes in aquatic and coastal vegetation 

including those of floodplains. As well as, the hydraulic resistance can depend on 

space-time changes of other hydraulic characteristics. Practical experience and 

possible options analysis considering different empirical formulas used to estimate 

the hydraulic resistance to open flows, as well as the comprehensiveness of field 

researches can have a key role when estimating of the Chézy coefficient. The 

assessment of the accuracy of the Chézy coefficient computing based on field data 

according to different methods and formulas indicates that the accuracy of field 

measurements of the parameters included in selected formulas largely determines 

the relative error of the calculations. 

Calibration studies show that quite reliable results can be obtained using the 

formulas by Manning (17), Forchheimer (19), Pavlovskii (20), Agroskin (21), 

Zheleznyakov (26), Mamedov (27), Matachievitch (56), Winkel (57) [8–10, 52–54, 

56, 57, 70, 71, 73, 74, 77]. These are the formulas of the type of (10) and (12), 

namely: ( )RnfC ,=  or ( )hnfC ,= , and ( )hSfC f ,=  or ( )RSfC f ,= . They may 

be considered the most effective ones among the simplest empirical formulas to 

calculate the Chézy coefficient C . Perhaps, it is because the parameters n  and fS  
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are complex ones and the most complete by effects among all parameters, which 

reflect influence of different hydro-morphological factors on the hydraulic resistance 

to flows in river channels. 

All the above-shown formulas can be quite reliable and give calculated results 

with the practically acceptable accuracy provided the high accuracy for all gauged 

hydro-morphological parameters, as well as the compliance of recommended 

conditions and limits application. Although, whatever, the relative error in 

calculating the Chézy coefficient values according to a majority of formulas in 

comparison to the results of their identification based on measurements of water flow 

at gauges is rarely less than 15 per cent. 

A promising approach to compute the Chézy coefficient in some sections of a 

river may be using dependencies taking into account the water surface slope fS . It 

is because the accuracy of the water surface slope determination depends on the 

accuracy of water level measurements; whereas they are the simplest element of the 

river flow in terms of direct measurements. In the field condition, the absolute error 

of measuring water levels in rivers at water gauges is usually 1 cm. 

In general, the accuracy of water level measurements depends on the accuracy of 

hydrometric reference heights and the sufficient duration of water level observations 

to take into account their possible pulsations, which is especially important for 

mountain streams. This may explain the discrepancy in the values of water surface 

slopes obtained at different times by different expeditions including the modern 

GNSS technology usage. In particular, when using the GNSS technology in 

mountainous conditions, a challenge is if semi-enclosed horizons are explored. In 

turn, the binding of hydrometric sites, according to Ukraine’s standards, is usually 

performed by means of levelling of the 4th class, which allows an error of 50 mm

L , where L  is the length of the levelling course (km). Obviously, one of the 

problems of ensuring the proper accuracy of the determination of water surface 

slopes may be the insufficient density of the network of hydrometric observations. 

When constructing this network and determining the water surface slopes on certain 

sections of a river, it is also necessary to take into account the peculiarities of the 

fluvial-morphological process. For example, our experience shows, for river channel 

areas with a length of more than 5..7 lengths of their mesoforms, the value of the 

weighted average water surface slope should be used, instead of its average value 

between sites.  

For rapid stream rivers, water level pulsations can also have a noticeable effect 

on the accuracy of determining water levels. The problems of their influence on the 

accuracy of determining water levels on rapid stream rivers were studied in detail in 

the 60s of the last century by O.N. Borsuk [80]. In particular, he found that with 

increasing the duration of measurements from 2 to 5 minutes, the error of water level 

measurements decreases significantly. Therefore, water levels on mountainous rivers 

should be measured at least 20 times in 5–10 minutes, so that the average error of 

their measurements does not exceed 1 cm. 

 

Conclusions 

 

1. In many cases, the accuracy of determining the hydraulic resistance characteristics 

can largely affect the accuracy of solving tasks relating to designing hydraulic 

structures and water management of rivers regardless of chosen mathematical 
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models or methods. Rivers are characterized by a significant variety of flow 

conditions, so hydraulic resistance to flows in rivers can vary widely determining 

their flow capacity. Considering the variety of river hydro-morphology and 

hydrology, the Chézy roughness coefficient appears to be the most complete 

characteristic of hydraulic resistance to open flows in river channels comparing with 

other corresponding integral empirical characteristics. 

2. There are a large number of empirical and semi-empirical formulas to calculate 

the Chézy roughness coefficient. In general, all the existing empirical formulas and 

dependencies used to calculate the Chézy coefficient can be divided and 

systematized into four main groups. The first group consists of formulas in which 

mostly there is established the dependence of the Chézy coefficient on the roughness 

coefficient including, sometimes, the hydraulic radius or the average flow depth. The 

second group consists of formulas in which the value of hydraulic resistance is 

determined by the height of protrusions of the roughness of a channel or average 

diameter of soil particles making up the bottom and banks of the channel, or the 

height and length of bottom ridges. The third group consists of formulas taking into 

account the effect of the water surface slope and average flow depth or hydraulic 

radius. The fourth group consists of formulas taking into account the influence of the 

relative width hB /  (or RB / ) of flow. Separately, an implicit formulas group can 

also be singled out. To determine the Chézy coefficient by those formulas, a trial-

and-error procedure has to be used. 

3. In total, 43 formulas to calculate the Chézy roughness coefficient, as well as 

13 formulas that can be used to estimate the Manning roughness coefficient were 

analyzed and systematized. Based on these formulas, about 250 empirical equations 

can be compiled to calculate the Chézy coefficient depending on hydro-

morphological peculiarities of rivers and river channels, hydraulic conditions, 

formula application limits, and so on. 

4. Practical experience and options analysis considering different approaches, 

methods, and empirical formulas used to estimate the hydraulic resistance to open 

flows, as well as the comprehensiveness of field researches can have a key role in 

reliable estimating of the Chézy coefficient. The assessment of the accuracy of the 

Chézy coefficient calculation based on field data according to different methods and 

formulas indicates that the accuracy of field measurements of the parameters 

included in selected formulas largely determines the relative error of calculations.  
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ОЦІНКА КОЕФІЦІЄНТА ШОРСТКОСТІ ШЕЗІ ЯК ХАРАКТЕРИСТИКИ 

ГІДРАВЛІЧНОГО ОПОРУ ПОТОКУ В РІЧКОВИХ РУСЛАХ: ЗАГАЛЬНИЙ 

ОГЛЯД, ІСНУЮЧІ ПРОБЛЕМИ ТА ШЛЯХИ ЇХ ПОДОЛАННЯ  

Анотація. У роботі подано систематизований огляд проблеми розрахунку 

коефіцієнта шорсткості Шезі як однієї з емпіричних характеристик гідравлічного 

опору, яка найбільш часто використовується на практиці. Огляд подається в контексті 

формування достовірних емпіричних даних, необхідних для підтримки гідротехнічних 

розрахунків та математичного моделювання відкритих потоків у руслах річок. 

Актуальність проблеми обумовлена великою кількістю практичних завдань, які 

потребують такого попереднього дослідження. У багатьох випадках точність 

визначення емпіричних характеристик гідравлічного опору може значною мірою 

вплинути на точність вирішення завдань річкової гідравліки, що стосуються 

проектування гідротехнічних споруд та управління водними ресурсами річок, 

незалежно від обраних математичних моделей або методів.  

Річки характеризуються значним різноманіттям умов течії, тому гідравлічний 

опір потокам у річках може змінюватися в широких межах, визначаючи пропускну 

здатність русел. Якщо взяти до уваги різноманітність гідроморфології та гідрології 

річок, коефіцієнт шорсткості Шезі видається найбільш повною характеристикою 

гідравлічного опору відкритим потокам у річкових руслах порівняно з іншими 

інтегральними емпіричними характеристиками гідравлічного опору.  

В даний час існує велика кількість емпіричних і напівемпіричних формул для 

розрахунку коефіцієнта шорсткості Шезі. Основною метою цього дослідження було 

проаналізувати та систематизувати їх у контексті забезпечення належної підтримки 

завдань річкової гідравліки, зокрема математичного моделювання відкритих потоків в 

річках. Для досягнення мети дослідження було проведено огляд літератури щодо 

проблеми визначення інтегральних характеристик гідравлічного опору відкритій течії 

в річкових руслах, а також досліджено та систематизовано найбільш відомі формули, 

які використовуються для розрахунку коефіцієнта шорсткості Шезі на практиці. 

Загалом було проаналізовано та систематизовано 43 формули для розрахунку 

коефіцієнта шорсткості Шезі, а також 13 формул, які можна використовувати для 

оцінки коефіцієнта шорсткості Маннінга. На основі всіх цих формул можна скласти 

близько 250 емпіричних рівнянь для розрахунку коефіцієнта Шезі залежно від 

гідроморфологічних особливостей річок та річкових русел, гідравлічних умов, меж 

застосування формул тощо. 

Ключові слова: емпіричні характеристики; гідравлічний опір; відкриті потоки; 

річкова гідравліка; річкові русла; коефіцієнт шорсткості Шезі 
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