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Abstract:  Measurements of stream discharge and bed load transport rate were carried out at the outlets of the mountain parts of 
Kosynthos River basin and Kimmeria Torrent basin (NE Greece). Specifically, 27 measurements of stream discharge 
and bed load transport rate were carried out in Kosynthos River and 37 measurements in Kimmeria Torrent. Apart 
from the measurements, the bed load transport rate was calculated by means of Meyer-Peter and Müller formula, after 
calibrating the above formula manually in terms of roughness coefficient. A comparison between calculations and 
measurements of bed load transport rate was made on the basis of the following statistical criteria: Root Mean Square 
Error (RMSE), Relative Error (RE), Efficiency Coefficient (EC), linear correlation coefficient, determination 
coefficient and discrepancy ratio. The comparison results are satisfactory. A less satisfactory, although more 
physically sound, calibration of the Meyer-Peter and Müller formula resulted on the basis of the least squares method. 
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1. INTRODUCTION 

During the last decade, an effort to conduct stream bed load and suspended load transport rate 
measurements is on the way by the Division of Hydraulic Engineering, Department of Civil 
Engineering, Democritus University of Thrace (Greece), at the outlets of the mountainous parts of 
stream basins discharging to Kosynthos River and Kimmeria Torrent (northeastern Greece), in the 
framework of diploma theses (Metallinos and Hrissanthou, 2010; Kaffas and Hrissanthou, 2015). 
The outlets of those stream basins are located in proximity to the city of Xanthi. Due to the fact that 
both bed load transport rate as well as suspended load transport rate depend on, among other 
factors, stream flow rate, the measurements of stream flow rate preceded the measurements of bed 
load and suspended load transport rate. 

Measurements of bed load transport rate in streams or rivers were conducted in the last years, 
also by others, e.g., in the USA (Duan and Scott, 2007; Kuhnle et al., 2014), in Spain (López et al., 
2014), in Iran (Haddadchi et al., 2012), in China (Yu et al., 2009). Additionally, investigations of 
bed load transport in laboratory flumes were conducted recently, e.g., Patel et al. (2015); De 
Vincenzo et al. (2016); Li et al. (2016). 

In the present study, 27 pairs of stream flow rate and bed load transport rate measurements of 
Kosynthos River and 37 pairs of stream flow rate and bed load transport rate measurements of 
Kimmeria Torrent are presented. Apart from the measurements, the bed load transport rate was 
calculated by means of Meyer-Peter and Müller formula (1948), which is considered one of the 
most reliable formulae in order to calculate the bed load transport rate. Thus, by the end of the 
procedure, it was possible to compare calculated to site-measured stream bed load transport rate. 

The formula or the concept of Meyer-Peter and Müller was applied also, in the last years, to 
streams or rivers of other countries for the calculation of bed load transport rate and the comparison 
with measurements, e.g., in France (Claude et al., 2012), Spain (Vázquez-Tarrío and Menéndez-
Duarte, 2015).  
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2. STUDY AREA 

Kosynthos River basin considered in this study drains an area of 237 km2 (Figure 1). The basin 
outlet is located at the city of Xanthi. The basin terrain is covered by forest (74%), bush (4.5%), 
urban area (1.5%) and no significant vegetation (20%). The maximum altitude of the basin is 
approximately 1700 m. The length of the main watercourse of the basin is 35 km, whereas the mean 
slope of the main watercourses of the ten natural sub-basins the Kosynthos River basin is divided to 
is approximately 5%. 

 

Figure 1. Kosynthos River basin divided into ten sub-basins. 

 

 Figure 2. Kimmeria Torrent basin. 
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Kimmeria Torrent basin considered in this study drains an area of 35 km2 (Figure 2). The basin 
outlet is located at the village of Kimmeria which lies northeast of the city of Xanthi. The basin 
terrain is covered by forest (55%), bush (33%), urban area (1%) and no significant vegetation 
(11%). The maximum altitude of the basin is approximately 800 m. The length of the main 
watercourse of the basin is 10 km, whereas the mean slope of the main watercourse is 
approximately 6%. 

From the physiographic characteristics mentioned above, the bed slope of Kosynthos River and 
Kimmeria Torrent impacts directly bed load transport, while the soil cover impacts runoff generated 
from rainfall and stream discharge which again influences bed load transport. 

3. STREAM FLOW RATE AND BED LOAD TRANSPORT RATE MEASUREMENTS  

The stream flow rate measurements were conducted as follows: The site cross section was 
divided into sub-sections and the average stream flow velocity was measured at the middle of each 
sub-section by means of a current meter. The average stream flow velocity of each cross sub-section 
is then multiplied by the area of the sub-section (wetted area), yielding the individual stream flow 
rate of the specific sub-section. The stream flow rate of the entire cross section is the outcome of the 
summation of the individual sub-sections stream flow rates. 

The stream bed load transport rate measurements were conducted by means of a Helley-Smith 
bed load sampler which was placed at the middle of each stream bed cross section. The above 
device consists of an expanding nozzle, a sample bag and a wading rod. In order to determine the 
bed load transport rate in kg/(m s), the trapped bed load dry mass is divided by the trap width and 
the measurement time duration. 

The stream flow and bed load transport rate measurements concerning Kosynthos River were 
conducted at a location 4 km upstream of the city of Xanthi (e.g., Efthymiopoulou and Tsamis, 
2012; Giannelou et al., 2012). The average width of the cross sections of all measurements is about 
22 m. The dates of all measurements as well as the stream flow rates and bed load transport rates of 
Kosynthos River are presented in Table 1. 

The stream flow and bed load transport rate measurements concerning Kimmeria Torrent were 
conducted at a location nearby the village of Kimmeria (e.g., Vallianatos and Giannakos, 2012; 
Alexandridis and Tourkas, 2013; Zilelidis and Polyhroniadis, 2014). The average width of the cross 
sections of all measurements is about 7 m. The dates of all measurements as well as the stream flow 
rates and bed load transport rates of Kimmeria Torrent are presented in Table 2. 

The mountainous part of Kosynthos River has a torrential behaviour. The bed of both streams, 
Kosynthos River and Kimmeria Torrent, consists of gravel and sand. However, the trapped bed load 
in both cases belongs to sand category, because the measurement sites are located near the basin 
outlets.   

4. BED LOAD TRANSPORT RATE CALCULATIONS 

In order to calculate the bed load transport rate, the following formula of Meyer-Peter and 
Müller (1948) was employed, which is considered one of the most reliable available: 

𝑚! =
!
!

!!
!!!!!

!
!!

(𝜏! − 𝜏!,!")!/!                                                  (1) 

where: 

𝜏! = 𝜌!𝑔𝐼!𝑅!                                                                       (2) 

𝜏!,!! = 0.047𝜌′𝜌!𝑔𝑑!                                                           (3) 



128 T. Papalaskaris et al. 

 

𝜌! = !!!!!
!!

                                                             (4) 

𝐼! = (!!"
!!
)!/!𝐼                                                                   (5) 

𝑘! =
!"
!!"

!                                                                         (6) 

where: 
mG:  bed load transport rate per unit width [kg/(m s)] 
g:  gravity acceleration (m/s2) 
ρF:  sediment density (kg/m3) 
ρW:  water density (kg/m3) 
το:  actual shear stress (N/m2) 
το,cr: critical shear stress (N/m2) 
dm:  bed load particles mean diameter (m) 
Ir:  energy line slope due to individual particles 
Rs:  hydraulic radius of the specific part of the cross section under consideration which affects 

the bed load transport (m) 
I:  energy line slope due to individual particles and stream bed forms 
kr:  coefficient, whose value depends on the roughness due to individual particles (m1/3/s) 
kst:  Strickler coefficient, whose value depends on the roughness due to individual particles as 

well as to stream bed forms (m1/3/s) 
d90:  characteristic grain size diameter (m) (in case of taking a sample of stream bed load, 90% of 

the sample weight is comprised by grains with size less or equal to d90) 
 

Table 1. Stream flow rate and bed load transport rate measurements of Kosynthos River - Calculated bed load 
transport rate 

No. Date Stream flow 
rate (m3/s) 

Bed load 
transport rate 

[kg/(m s)] 
Measured 

Bed load transport rate 
[kg/(m s)] 
Calculated  

(manual calibration) 

Bed load transport rate 
[kg/(m s)]  
Calculated 

(parameter α) 

Bed load transport rate 
[kg/(m s)]  
Calculated 

(parameter β) 
1 24-3-2006 11.115 0.0030 0.0328 0.1057 0.0590 
2 26-3-2006 5.993 0.0350 0.0039 0.0744 0.0581 
3 3-7-2006 2.970 0.0039 0.0053 0.0313 0.0559 
4 28-3-2007 7.710 0.0024 0.0219 0.0695 0.0579 
5 29-3-2007 6.570 0.0016 0.0189 0.2309 0.0576 
6 30-3-2007 5.310 0.0093 0.0070 0.0503 0.0571 
7 1-5-2007 2.244 0.0033 0.0032 0.0274 0.0555 
8 2-5-2007 2.891 0.0040 0.0059 0.0320 0.0559 
9 3-5-2007 3.425 0.0042 0.0058 0.0310 0.0559 
10 4-5-2007 2.436 0.0035 0.0025 0.0241 0.0552 
11 11-5-2007 1.647 0.0030 0.0017 0.0208 0.0549 
12 18-9-2008 0.756 0.0001 0.0079 0.0407 0.0566 
13 5-5-2011 1.129 0.0081 0.0018 0.0668 0.0578 
14 5-5-2011 2.562 0.0016 0.0063 0.0612 0.0611 
15 12-5-2011 1.443 0.0053 0.0154 0.1171 0.0593 
16 12-5-2011 1.852 0.0035 0.0006 0.1703 0.0603 
17 11-7-2012 0.250 0.0347 0.0089 0.0108 0.0535 
18 31-7-2012 0.318 0.0382 0.0449 0.0174 0.0546 
19 4-10-2012 0.223 0.0082 0.0108 0.0112 0.0536 
20 25-11-2013 5.430 0.4882 0.1055 0.0954 0.0588 
21 4-2-2014 2.590 0.0765 0.0453 0.0900 0.0586 
22 4-2-2014 2.620 0.1143 0.1108 0.0946 0.0587 
23 11-3-2014 6.404 0.1533 0.1446 0.1554 0.0601 
24 11-3-2014 5.310 0.3875 0.2097 0.1442 0.0598 
25 12-3-2014 5.973 0.0112 0.0991 0.1329 0.0596 
26 12-3-2014 4.620 0.0197 0.1903 0.1302 0.0596 
27 12-3-2014 4.280 0.0100 0.1786 0.1292 0.0596 
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Table 2. Stream flow rate and bed load transport rate measurements of Kimmeria Torrent – Calculated bed load 
transport rate 

No. Date Stream flow 
rate (m3/s) 

Bed load 
transport rate 

[kg/(m s)] 
Measured 

Bed load transport rate 
[kg/(m s)] 
Calculated  

(manual calibration) 

Bed load transport 
rate 

[kg/(m s)] Calculated 
(parameter α) 

Bed load transport 
rate 

[kg/(m s)] Calculated 
(parameter β) 

1 3-7-2010 0.132 0.0099 0.0154 0.0720 0.1902 
2 5-7-2010 0.270 0.0015 0.0073 0.0590 0.1815 
3 18-10-2010 0.241 0.2735 0.2563 0.0698 0.1887 
4 19-10-2010 0.840 0.3006 0.4134 0.1091 0.2095 
5 19-10-2012 0.737 0.1714 0.2387 0.0700 0.1887 
6 19-10-2012 0.801 0.0490 0.0453 0.0900 0.2003 
7  19-10-2012 0.673 0.0105 0.0445 0.0880 0.1992 
8 27-10-2012 0.296 0.0178 0.0273 0.0753 0.1922 
9 27-10-2012 0.246 0.0167 0.0230 0.0664 0.1865 
10 16-5-2012 0.748 0.4066 0.2782 0.0795 0.1945 
11 17-5-2012 0.771 0.3096 0.2585 0.0752 0.1920 
12 22-10-2012 0.149 0.0075 0.0057 0.0244 0.1474 
13 29-10-2012 0.136 0.0063 0.0155 0.0293 0.1538 
14 29-10-2012 0.299 0.0269 0.0131 0.0420 0.1677 
15 30-10-2012 0.198 0.0177 0.0001 0.0262 0.1503 
16 6-12-2012 0.636 0.1100 0.3961 0.0611 0.1830 
17 9-12-2012 5.074 0.9190 0.8444 0.1198 0.2143 
18 10-12-2012 2.319 0.6096 0.5860 0.0714 0.1898 
19 12-12-2012 0.643 0.1884 0.0260 0.0106 0.1221 
20 12-12-2012 0.633 1.3467 0.1695 0.0262 0.1502 
21 16-1-2013 7.777 0.4650 0.7380 0.1390 0.2220 
22 16-1-2013 13.824 0.5654 0.4955 0.1302 0.2187 
23 17-1-2013 4.375 0.1970 0.4862 0.0915 0.2012 
24 17-1-2013 4.515 0.1319 0.7805 0.1193 0.2141 
25 17-1-2013 3.024 0.2182 0.7028 0.0856 0.1981 
26 22-1-2013 1.378 0.4130 0.2616 0.0573 0.1803 
27 25-1-2013 6.737 1.0490 0.6066 0.1147 0.2121 
28 23-2-2013 1.689 0.0200 0.0305 0.3203 0.2702 
29 24-2-2013 2.017 0.0280 0.0131 0.2676 0.2589 
30 28-2-2013 2.516 0.0260 0.0008 0.2726 0.2600 
31 2-3-2013 1.309 0.0230 0.0325 0.2560 0.2562 
32 4-3-2013 0.824 0.0110 0.0347 0.2259 0.2488 
33 22-3-2013 2.780 0.1521 1.0995 0.1230 0.2156 
34 22-3-2013 2.571 0.2479 0.7903 0.0954 0.2032 
35 6-11-2013 0.539 0.0799 0.0262 0.1329 0.2196 
36 25-1-2014 1.160 0.0573 0.1376 0.4019 0.2851 
37 14-2-2014 0.303 0.0090 0.0441 0.2223 0.2481 

 
From Equation (1), it is evident that bed load transport rate is expressed as a function of the 

difference between the actual shear stress and the critical shear stress, which is associated with the 
initiation of movement of the stream bed particles. 

At this point, it should be stressed that Meyer-Peter and Müller take into account two different 
types of stream bed roughness: (a) due to individual particles, (b) due to stream bed forms (e.g., 
ripples, dunes etc.). Furthermore, in order to calculate the hydraulic radius Rs, the method of 
Einstein – Barbarossa is employed (Hrissanthou and Tsakiris, 1995), according to which the cross 
section (A) of a stream should be divided into two individual portions: first, into that which is 
associated with the load transport along the stream bed (As), and second, into that associated with 
the load transport along the stream walls (Aw): 

𝐴 = 𝐴! + 𝐴! = 𝑅!𝑈! + 𝑅!𝑈!                                                      (7) 

In Equation (7), R is the hydraulic radius and U the wetted perimeter. The index s refers to the 
bed and the index w to the walls. 

The hydraulic radius Rw (m) can be calculated from the well known Manning formula, as 
follows: 
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𝑅! = ( !!
!!!!,!

)!,!                                                                     (8)              

In Equation (8), um (m/s) is the mean flow velocity through the cross-sectional area A and kw 
(m1/3/s) a coefficient depending on the roughness of the walls. It is assumed that the mean flow 
velocities through the areas As and Aw are equal to the mean flow velocity through the area A, and 
additionally that kw=kst. The energy line slope I is considered equal to the longitudinal stream bed 
slope, in accordance with the consideration of uniform flow conditions. 

The combination of Equations (7) and (8) provides the following relationship: 

𝑅! =
!!( !!

!!!!,!
)!,!!!

!!
                                                                  (9)            

Furthermore, as far as the calculation of the hydraulic radius Rs is concerned, an equivalent 
rectangular cross section with the same area as the real, geometrically irregular cross section is 
considered. Therefore, the wetted perimeter Us equals the width of the rectangular cross section, 
while the wetted perimeter Uw equals two times the water depth.  

Moreover, the median particle diameter d50 substitutes the mean particle diameter dm due to the 
availability of grain size distribution curves. 

5. MANUAL CALIBRATION OF THE MEYER-PETER AND MÜLLER FORMULA 

In the framework of the elaborated diploma theses, the estimation of the Strickler coefficient kst, 
which refers to the total roughness, due to individual particles as well as to stream bed forms, was 
performed employing a manual calibration procedure, namely assuming that the bed load transport 
rate mG is well known from the measurements. In concrete terms, the measurements conducted by 
the same students group, were used for the determination of the coefficient kst. If, for example, five 
measurements were conducted by a student group, then five values of kst were determined, and 
finally, the mean value of the five kst values was taken into account for the calculation of the five 
bed load transport rates. The mean value of kst for Kosynthos River, according to the above 
described manual calibration, amounts to about 12, while for Kimmeria Torrent amounts to about 
9.5. The outcomes of the calculations of bed load transport rate for Kosynthos River are given in 
Table 1 and for Kimmeria Torrent in Table 2. 

6. CALIBRATION OF THE BED LOAD TRANSPORT MODEL FOR KOSYNTHOS 
RIVER 

The calibration of the Meyer-Peter and Müller formula concerns the Strickler coefficient kst, 
which is treated as a parameter of adjustment and is determined through the minimization of the 
sum of squares of the differences between computed (mGc) and measured (mGm) values of bed load 
transport rate. According to Equations (1) – (6) and (9), the calculated bed load transport rate, mGc, 
is a function of kst. Hence, the following function should be minimized: 

𝑓 𝑘!" = (𝑚!"# −𝑚!"#)!!
!!!    (10) 

where n is the number of pairs of calculated and measured values. 
An improved fit is achieved if the objective function of Equation (10) is equipped with a further 

parameter α as follows: 

𝑓 𝑘!" , 𝑎 = (𝑎𝑚!"# −𝑚!"#)!!
!!!         (11) 

An alternative parametrization results if the exponent 3/2 in Equations (1) and (5) is replaced by 
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a positive parameter β. Then, the objective function is written as 

𝑓 𝑘!" ,𝛽 = (𝑚!"# 𝛽 −𝑚!"#)!!
!!!  (12) 

Thus, for the various values of kst, f is minimized with respect to α or β and optimal values result 
for f and α or β, denoted as fopt and αopt or βopt, respectively. Obviously, these optima are functions 
of kst. The corresponding curves αopt(kst) and fopt(kst) for Kosynthos River are shown in Figures 3 and 
4, respectively. 

 

Figure 3. Optimal α as a function of kst for Kosynthos River. 

 

Figure 4. Optimal f as a function of kst for Kosynthos River. 

It can be seen from Figure 4 that the same optimal value of f can be approximately obtained for 
values of kst ≤15. This fact lends freedom in the choice of kst on the basis of other, physical criteria. 
For the specific value kst=15, the corresponding α is αopt=0.01 and the corresponding f is fopt=0.379. 
In Table 1, the computed values of the bed load transport rate for a=0.01 and kst=15, for Kosynthos 
River, are given.  

The alternative calibration of Equation (12) was also applied to the data of Kosynthos River. 
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Figures 5 and 6 show the variation of βopt and fopt with kst, respectively. 

 

Figure 5. Optimal β as a function of kst for Kosynthos River. 

 

Figure 6. Optimal f as a function of kst for Kosynthos River.  

It can be seen from Figure 6 that the best fopt is obtained for kst=31. However, the latter value is 
not realistic on physically based criteria, and kst=15 from a parametrization (Figure 4) is adopted. 
Then, βopt=0.067 and fopt=0.356. In Table 1, the computed values of the bed load transport rate for 
β=0.067 and kst=15, for Kosynthos River, are given.  

7. CALIBRATION OF THE BED LOAD TRANSPORT MODEL FOR KIMMERIA 
TORRENT 

The theoretical background for the calibration of the Meyer-Peter and Müller formula, which 
was described in the previous section and applied to Kosynthos River, is now applied to Kimmeria 
Torrent. The curves representing graphically the functional relationships αopt(kst) and fopt(kst) for 
Kimmeria Torrent are given in Figures 7 and 8, respectively. 
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Figure 7. Optimal α as a function of kst for Kimmeria Torrent. 

 

Figure 8. Optimal f as a function of kst for Kimmeria Torrent. 

It can be seen from Figure 8 that the optimum of f is obtained for kst=19. This leads to a value of 
aopt=0.01 as derived from Figure 7. It must be noted that no restriction was put on the range of 
values of kst. If additional information exists with regard to the range of admissible kst values, then 
the appropriate value of kst will again be chosen on the basis of Figure 8, but within the admissible 
range. For kst=19, the value of fopt is fopt=4.802 (Figure 8). 

In Table 2, the computed values of the bed load transport rate for a=0.01 and kst=19, for 
Kimmeria Torrent, are given. The alternative calibration of Equation (12) was also applied to 
Kimmeria Torrent data. Figures 9 and 10 show the variation of βopt and fopt with kst, respectively. 

Values of kst greater than 25 were not considered, as they would be physically unacceptable. For 
the same value of kst as above, namely for kst=19, the corresponding value of β is βopt=0.354 and of 
f is fopt=3.807. In Table 2, the computed values of the bed load transport rate for β=0.354 and 
kst=19, for Kimmeria Torrent, are given.  
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Figure 9. Optimal β as a function of kst for Kimmeria Torrent. 

 

Figure 10. Optimal f as a function of kst for Kimmeria Torrent. 

8. COMPARISON BETWEEN CALCULATED AND MEASURED BED LOAD 
TRANSPORT RATES  

The comparison between calculated and site-measured values of stream bed load transport rate is 
made on the basis of the following statistical criteria: 
 

1. Root Mean Square Error (RMSE): 

𝑅𝑀𝑆𝐸 = !
!

(𝑂! − 𝑃!)!!
!!!                                                   (13) 

RMSE: [kg/(m s)] 
Oi: measured bed load transport rate [kg/(m s)] 
Pi: calculated bed load transport rate [kg/(m s)] 
n: number of pairs of site-measured and calculated bed load transport rates 
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The ideal value of RMSE	should be null. The lower the RMSE, the better the correlation between 
site-measured and calculated values. 
 

2. Relative Error (RE) (%): 

𝑅𝐸 = !!!!!
!!

𝑥100	                                                                 (14) 

3. Efficiency Coefficient (EC) (Nash and Sutcliffe, 1970): 

𝐸𝐶 = 1 − (!!!!!)!!
!!!

(!!!Ō)!!
!!!

                                                        (15) 

O̅: average value of Oi [kg/(m s)] 
The obtained value of EC ranges between -∞ και 1 (ideal value). 

 
4. Linear correlation coefficient (r) 

𝑟 = !!!Ō (!!!!)!
!!!

(!!!Ō)!!
!!! (!!!!)!!

!!!

                                        (16) 

P̅: average value of Pi [kg/(m s)] 
The coefficient r expresses the degree of mutual dependence between the variables Oi and Pi	and 

ranges between the values -1 και +1. The values 1r = ± represent the ideal occasion, when the 
marks representing the pairs of values Oi and Pi	depicted on an orthogonal coordinate system, lie on 
the regression line, with positive or negative slope, respectively. 
 

5. Determination coefficient ( 2r ) 
It is calculated by squaring the value of the correlation coefficient r in the case of linear 

regression between the variables Oi and Pi. It yields the percentage of change of the calculated 
values, which can be explained by the linear relationship between calculated and site-measured 
values. It ranges between the values 0 and 1. The value 0 states that there is not any correlation, 
whereas the value 1 states that the variance of the calculated values equals the variance of the site-
measured values (Krause et al., 2005). 
 

6. Discrepancy ratio 
 It represents the percentage of the calculated bed load transport rate values, lying between pre-

determined margins of the corresponding site-measured bed load transport rate values (more 
specifically, as far as the present study is concerned, between double and half of the corresponding 
site-measured values). 

 
The above mentioned statistical criteria values concerning Kosynthos River and Kimmeria 

Torrent, for the case of manual calibration, are listed in Tables 3 and 4, respectively. It is noted that 
the relative error values depicted in Tables 3 and 4, represent the average value of the relative errors 
calculated for each pair of calculated and site-measured bed load values via Equation (14).  

The plot of Figure 11 presents the discrepancy ratio for Kosynthos River and that in Figure 12 
presents the respective one for Kimmeria Torrent. At this point, it should be noted that both 
coordinate axes are in logarithmic scales; therefore, the equations y=x, y=0.5x and y=2.0x are 
presented graphically by parallel straight lines. 

In general, the obtained values of the statistical criteria RMSE, EC, r and r2 for Kosynthos River 
can be considered more satisfactory in comparison to those obtained for Kimmeria Torrent, whereas 
the obtained values of RE and discrepancy ratio for Kimmeria Torrent are more satisfactory in 
comparison to those obtained for Kosynthos River. Especially, the values of discrepancy ratio for 
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Kosynthos River and Kimmeria Torrent differ slightly from each other. At this point, it should be 
added that the value 0.50 or 2.0 of the discrepancy ratio is considered as very satisfactory for 
sediment transport problems. 
 

Table 3. Statistical criteria values of Kosynthos River (manual calibration) 

Number of 
paired values 

RMSE 
[kg/(m s)] 

RE 
(%) EC r r2 Discrepancy ratio 

27 0.0958 -8.0535 0.3106 0.5593 0.3128 0.4815 
 

Table 4. Statistical criteria values of Kimmeria Torrent (manual calibration) 

Number of 
paired values 

RMSE 
[kg/(m s)] 

RE 
(%) EC r r2 Discrepancy ratio 

37 0.3196 -0.8670 -0.0513 0.4708 0.2216 0.4865 

 

Figure 11. Discrepancy ratio plot of Kosynthos River (manual calibration). 

 

Figure 12. Discrepancy ratio plot of Kimmeria Torrent (manual calibration). 
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In Table 5, the values of the statistical criteria used in the present study, for Kosynthos River and 
for the case of a parametrization, are shown. In Table 6, the values of the statistical criteria, for 
Kosynthos River and for the case of β parametrization, are shown. 

 
Table 5. Values of the statistical criteria for Kosynthos River (α parametrization) 

Number of 
paired values 

RMSE 
[kg/(m s)] 

RE 
(%) EC R r2 Discrepancy ratio 

27 0.1186 -43.8475 -0.0559 0.2409 0.0581 0.1481 

 
Table 6. Values of the statistical criteria for Kosynthos River (β parametrization) 

Number of 
paired values 

RMSE 
[kg/(m s)] 

RE 
(%) EC R r2 Discrepancy ratio 

27 0.1149 -50.4124 0.0084 0.2799 0.0783 0.1852 
 

The values of the statistical criteria for Kosynthos River, according to Tables 5 and 6, are not 
satisfactory in comparison to the corresponding values of Table 3. By comparing the arithmetic 
values of Tables 5 and 6, it results that the arithmetic values of Table 6 (β parametrization) are 
slightly more satisfactory than the corresponding values of Table 5 (α parametrization) with the 
exception of the statistical criterion RE. 

In Table 7, the values of the statistical criteria used in the present study, for Kimmeria Torrent 
and for the case of a parametrization, are shown. In Table 8, the values of the statistical criteria, for 
Kimmeria Torrent and for the case of β parametrization, are shown. 
 

Table 7. Values of the statistical criteria for Kimmeria Torrent (α parametrization) 

Number of 
paired values 

RMSE 
[kg/(m s)] 

RE 
(%) EC R r2 Discrepancy ratio 

37 0.3603 -3.9501 -0.3356 -0.2167 0.0469 0.1892 
 

Table 8. Values of the statistical criteria for Kimmeria Torrent (β parametrization) 

Number of 
paired values 

RMSE 
[kg/(m s)] 

RE 
(%) EC r r2 Discrepancy ratio 

37 0.3208 -8.7225 -0.0589 -0.1673 0.0280 0.2973 
 
The values of the statistical criteria for Kimmeria Torrent, according to Tables 7 and 8, are not 

satisfactory in comparison to the corresponding values of Table 4. By comparing the arithmetic 
values of Tables 7 and 8, it results that the statistical criteria RMSE, EC and discrepancy ratio, for 
the case of β parametrization, obtain more satisfactory values in comparison to the case of α 
parametrization, while the statistical criteria RE, r and r2 obtain more satisfactory values for the 
case of α parametrization. 

9. DISCUSSION  

For the efficient application of Meyer-Peter and Müller bed load formula to two streams in 
northeastern Greece (Kosynthos River and Kimmeria Torrent), it was considered necessary to 
calibrate manually, in a first step, the formula in terms of the Strickler coefficient kst, incorporated 
within the formula, whose value depends on the stream bed roughness, due to individual bed 
particles and bed forms. The comparison results between calculated on the basis of the manual 
calibration and site-measured bed load transport rates are satisfactory for both streams.  

Large-scale bed forms do not appear within Greek streams (e.g., dunes). As a result, the stream 
bed could be considered as a flat one, consequently accepting that kst=kr. However, it should be 
noted that this assumption led to even larger deviations between calculated and site-measured 
values of bed load transport rate, compared to the deviations mentioned above. 
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An unsatisfactory agreement between calculated and measured values of bed load transport rate 
was obtained by using a calibration procedure, with two alternative parameters, based on the 
minimization principle of the squares sum of the differences between calculated and measured bed 
load transport rates. At this point, it must be noted that the calibration based on the least squares 
principle takes into account all the available measurements, while the manual calibration is 
implemented separately for each measurements group. 

As far as the Strickler coefficient kst is concerned, the values of this coefficient according to the 
manual and the least squares calibration do not deviate significantly from each other. From the 
physical point of view, on the basis of kst values given in the literature (e.g., Hrissanthou, 2006), the 
calibrated values of kst according to the least squares principle seem to be more realistic in 
comparison to the manually calibrated kst values, although the agreement between calculated and 
measured bed load transport rates is better, in accordance with the statistical criteria, for the case of 
manual calibration.   

Some reasons contributing to the deviation between calculated and measured values of bed load 
transport rate, independently of the calibration method used, are given below: 

§ As far as the computation of the hydraulic radius Rs is concerned, the acceptance of an 
equivalent rectangular cross section with the same area as the real, geometrically irregular 
cross section, decreases the precision of the calculations. 

§ The longitudinal bed slope of the watercourses considered within this study was 
approximately assessed by means of topographical maps concerning the studied areas. 

§ The value of 0.047 incorporated in Equation (3) refers to the critical dimensionless shear 
stress, which obtains different values according to other researchers (e.g., 0.06 according to 
Shields, 1936). It should be pointed out that the quantitative determination of the critical 
condition concerning the initiation of movement of stream bed individual particles is 
ambiguous and constitutes a complex problem. 

§ The stream bed and especially its granulometric composition experiences considerable 
variations in relatively short time periods, which influences the precision of the calculations. 

§ Bed load transport rate measurements by means of the bed load trap are not very 
representative because of the bed unevenness. 

All the above mentioned factors, amongst others, render the implementation of Meyer-Peter and 
Müller formula problematic under different circumstances compared to those for which it was 
developed.     

10. CONCLUSIONS 

For the application of Meyer-Peter and Müller formula to two different streams in northeastern 
Greece, in order to calculate bed load transport rate, the calibration of the above formula in terms of 
bed roughness was necessary. The bed roughness and consequently the flow resistance is expressed 
by the Strickler coefficient kst. The calibration was enabled by means of two different data sets 
regarding measured bed load transport rates for Kosynthos River and Kimmeria Torrent.  

Two calibration categories were applied to the streams: (a) a manual calibration, and (b) a 
calibration based on the least squares principle. For the second calibration category, two alternative 
parametrizations were presented. These parametrizations can be utilized for the purposes (a) of 
achieving a good fit to the measured data, and (b) of obtaining a realistic kst value, given the 
physical characteristics of the measurement sites. 

The agreement between calculated and measured bed load transport rates is more satisfactory for 
the case of manual calibration compared to the calibration based on the least squares principle. 
However, the kst values resulting from the least squares principle are more realistic from the 
physical point of view.  
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