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Abstract Bed load transport is of fundamental importance in river engineering. Although there are many bed load
transport equations, there is still no consensus on which equation is the best and how to select a particular equation for a
particular river. Often there are large discrepancies in the bed load transport values yielded by different equations and
between those and observed values. Further, in many practical applications empirical bed load equations are found to produce
just as good bed load results as physically based equations. This study develops and tests two regression based equations for
two rivers in Iran. One equation is based on hydraulic parameters and the other on geometric parameters. It is found that the
Shields parameter, Froude number and shape factor are among the controlling hydraulic parameters of bed load, while the
grain size distribution and the water slope are the significant geometric parameters that affect the bed load. A linear function
showing more than 60% variability in bed load values seems sufficient to describe the bed load data rather than a non-linear

function. The suggested equations are calibrated by laboratory data.
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1. Introduction

Bed-load transport is a fundamental physical process in
alluvial rivers, constructing and maintaining a dynamically
stable channel geometry that reflects both the quantity of
water and sediment delivered from the watershed [9]. Bed
load transport in rivers is the main link between river
hydraulics and river form and has a significant effect on
restoring the channel geometry. In addition, the reproductive
success of salmonids and other riverine communities are
affected by the size of transported sediment on the channel
bed and banks [19]. However, because the collection of good
quality bed load transport data is expensive and time
consuming, we frequently have to estimate bed load
transport rates by existing equations [12]. However, the
evaluation of equation performance in gravel-bed rivers has
been limited due to the small number of available data sets,
and those assessments that have been made are discouraging,
commonly reporting orders of magnitude error [13, 23]. It
seems that despite over a century of research, scientists are
unable to consistently and reliably predict bed load transport
rates [12]. This is particularly difficult in gravel-bed rivers,
where the presence of a coarse surface layer acts to constrain
the availability and mobility of the finer subsurface bed
material [4]. The derivation of bed load transport equations
can be classified into three categories: (a) formulation based
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on advection, (b) formulation based on energy concept, and
(c) graphical methods and empirical equations based on
regression analysis (e.g., Peter Meyer and Muller's equation)
probability concepts (e.g., Einstein) [17]. All existing
bed-load equations invariably depend on calibration by data
from laboratory experiments or field observations.
Consequently, equations are applied to the conditions under
which they are developed, and appreciable discrepancies
between equations are observed [24]. During the past several
years, there have been a number of studies focusing on the
challenges of measuring and calculating the transport of bed
load in streams with bed material consisting of sand and
gravel [5, 6, 15]. Gomez and Church [13] performed an
analysis of 12 bed load transport equations using 88 bed load
transport observations from 4 natural gravel-bed rivers and
45 bed load transport observations from 3 flumes and
concluded that none of the selected formulae performed
consistently well. Researchers have made great strides to
seek a suitable theory to characterize bed load transport. Two
representative theories have been presented in literature: one
was developed by Einstein, on the basis of probability theory,
and the other was proposed by Bagnold [3, 10, 13] based on
the energy conservation principle. In the literature on the
selected methods, approaches and even the utilized
dimensional and dimensionless parameters, there is no
consensus among researchers on how to select the best
representative equation, since each equation has its own
limitations and the range of application within the selected
data set [18, 20]. Barry et al. [4] found no consistent
relationship between equation performance and the degree of
equation calibration and complexity. They evaluated the
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performance of eight different equations of four common
bed load transport equations, each of which are calibrated to
some degree with site-specific data and vary in their
complexity and difficulty of use. They found considerable
differences in equation performance, there is no consistent
relationship between performance and degree of formula
calibration or complexity at the 24 ldaho sites. The depth
distribution of gravel river bed due to bed-load transport was
studied by DeVries [7]. Regression equations through a
probabilistic approach which may not have any physical
meaning relating to the mechanics of total-load transport
equations are the pioneers of this approach, since they
assumed that the beglnnlng and cessation of sediment motion

o g

St.ghodjanak

Empirical Bed Load Transport Equations

can be expressed in terms of probability [10, 22]. In fact, all
applied equations to predict the bed load transport are
modified by using empirical constants, showing there is no
pure equation for sediment transport evaluation. For example,
Bagnold's empirical bed load equation was a stream power
correlation modified by an empirical scaling of depth and
grain size [18]. Bagnold's failure to present the rational result
was due to his failure to find the full dependence of the bed
load transport on governing physical processes, even though
that understanding had previously been reached by Einstein.
Myer-Peter and Muller's equation is an empirical equation,
using threshold parameters (Shields and critical Shields
parameters) to predict bed load transport.
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Figure 1. View of the three river reaches of the Zayandehroud River



International Journal of Hydraulic Engineering 2014, 3(3): 93-101 95

601000 621000

641000 661000

General S

General Map

4060000

4040000

4020000

601000 621000

641000

Daronkolah Reach

Kelarikolah Reach

Anarestan Reach

Figure 2. View of the three selected river reaches of the Babolroud River

In this study, a new data set is presented for the bed load
transport for the first time in literature and using these
measured data in two Iranian rivers, the effect of hydraulic
and geometric parameters on the bed load transport is
investigated by a linear method. Finally, the suggested linear
equations are calibrated by using accurate laboratory data.

2. Material and Methods

2.1. Study Area

The study areas in this research are located in two regions
of central and northern Iran in the basins of Caspian Sea and
Zayandehroud. The Zayandehroud basin is located in
southwest central part of Iran between (31° 30° -33° 32° N
and 49°30° -52° 49’ E). The Zayandehroud River, with a

watershed of 27,100 km2 and average slope of 0.15%, was
considered for sampling 9 cross-sections in 3 river reaches
called Skandarie, Langan and Ghodjanak. The
Zayandehroud starts in the Zagros Mountains and flows 400
kilometers (200 mi) eastward before ending in the
Gavkhouni swamp, a seasonal salt lake, southeast of Isfahan
city. The Zayandehroud River basin has an area of 41,500
square kilometers, an altitude from 3,974 meters to 1,466
meters, an average rainfall of 130 millimeters and a monthly
average temperature of 3<C to 30C. The flow of the river
has been estimated at 1.2 cubic kilometers (0.29 cu mi) per
annum, or 38 cubic meters (1,340 cu ft) per second. Figure 1
shows a view of the three selected river reaches of
Zayandehroud in this study. Another area where this study
was conducted is located in Caspian Sea basin in the north of
Iran between 37°16” - 38°22°N and 53°55” - 55°48°E. The
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selected river is the Babolroud River which is one of the
main rivers in the Caspian Sea basin. The area of Babolroud
basin is 1746.42 km?, with an annual discharge 10 m*/s and
an average slope of 0.74%, located between coordinates
36°25’ northern latitude and 52°42” east latitude. Sampling
was performed in 10 cross-sections in 3 reaches, with names
as Kelarikolah, Daronkolah and Anarestan. Figure 2, shows
a view of the three selected reaches of this river.

2.2. Methods of Sampling and Analysis of Measured
Data

It is recognized that the deployment of bed load sampler in
the Babolroud and Zayandehroud Rivers is extremely
difficult and potentially hazardous due to the large variations
of depth and velocity, and floating debris that may be
encountered. At each site, bed load, velocity, water slope,
bed grain size were measured. In this study the bed load was
measured by a Haley Smith sampler [16]. The Helley- Smith
sampler weighing about 5 kg with an opening of 7.62x7.62
cm having a sediment collector bag made up of polyester
with dimensions of 0.25 mm holes. Helley and Smith (1971)
developed this method of handheld pressure difference bed
load sampler with an intake nozzle of varying dimensions, a
nylon mesh catchment bag attached to the rear of the nozzle,
and a handle. The Helley-smith sampler gives a hydraulic
efficiency between 0.9 to 1.1 for particles ranging from 0.5
to 16 mm as long as the extent of sampler fill is less than 30%
[8]. Advantages of the Helley-smith sampler include
portability and ease of using on an unaltered streambed. An
example of Helley-Smith instrument is shown in Figure 3.

Figure 3. Helley Smith sampler instrument

After sampling sediment grains using a sieve, it was found
that the median size of grain was 4.43 mm. The bed load
discharges of the Babolroud and Zayandehroud rivers were
calculated as 5.08 ton/day and 29.66 ton/day, respectively.
Using a butterfly current meter on the horizontal axis, point
velocity measurements were made in the vertical direction
from the bed to the water surface. Each point velocity
measurement was taken with three repeats at an interval of
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50 s to get an accurate average value at that point. For the bed
slope at each cross section, two cross sections were selected
along a reach and the water surface was marked at both cross
sections. The slope was determined by dividing the water
surface difference by the distance between two cross sections.
This slope value corresponded to the central axis of the
channel in the selected reaches. The river bed material size
was determined by Wolman's method at all locations. The
average flow depth of each cross section was determined by
dividing the cross sectional area (A) by the top width (T) as
H =A/T. Flow discharge was determined by using a station
hydraulic geometry measurements for each section.
Accordingly, at first, flow velocity was measured at different
parts of a section and then by measuring cross sectional area,
flow discharge was estimated using the continuity equation.

Shear velocity (u*) was calculated using the
boundary-layer characteristics method (BLCM) using each
velocity profile as follow [2]:

w _ (66— Numax
U=, 1)
in which 6* (m) is the displacement thickness; ©(m) is the
momentum thickness and Umax (M/S) is maximum velocity
observed in a velocity profile; these thicknesses are defined

as [2]:

6.=Jy (1-7=)ay @
0=y = (1-7=)ay ®

where h is the local flow depth at each cross section which is
different from hydraulic depth (H). Since the collection of
bed load data is very expensive, risky, and time consuming,
there are few papers in literature which present these data.
The authors carried out a research to find bed load data to use
in this study, finding Graf and Suszka’s data set [14]. Graf
and Suszka presented their bed load data for relatively steep
slopes with high precision. These data set are used to
calibrate the linear model suggested in our study. A summary
of calculations of various parameters, such as hydraulic flow
depth (H), flow (Q) and bed load discharges (Q’p), grain size
(Dsp and Dgg), and cross sectional shear velocity (U*) is
presented in table 1. The field data were collected in this
study and laboratory data were used from Graf and Suszka’s
paper [14].

Information Table 1:

h=the average depth of each section (m), T= the width of
the water surface (m), Dso = the median diameter of bed load
particles (mm) and Dy, = the grain diameter at which 90% of
the sediment sample is finer than, Q’,= the bed load transport
rate (ton/day), Q= the flow discharge (m%/s), and u*= the
equivalent cross-sectional shear velocity. T = the Shields
parameter which is written as follows:
)
=T (@)
(vs=¥)Dso  (vs—¥)Dso

where p is the density of water, y;and v are specific weights
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of sediment and water, respectively.

Using the trial and error method the Meyer-Peter Muller's

equation is approximated as:

@ = 8(SG — 1)gI°. DI (" —7°)**

(5)

gp=Bed load discharge per unit width (ton/day/m),
T*. =the critical Shields parameter, SG = specific gravity
(ps/p) in which py is the sediment density, p is water density,

and g = gravitational acceleration.

Meyer-Peter Muller's equation is purely empirical one and
should be applied for large sediment grain and wide channels
(i.e. large aspect ratio T/H). The same thing is true for
Einstein's equation. Engelund and Hansen [11] revealed that
Einstein's bed load equation differ considerably from
experimental data for large amounts of bed load transport.
Accordingly, the empirical equations should not be applied
outside of their domain of validity.

Table 1. Computational parameters for data collected

1 2 3 4 5 6 7 8 9

zone Site Station H T Dso Dgo Q’ Q u* T* *;
(m) (m) (mm) (mm) (ton/day) (m®/s) (m/s) N/m? N/m?
K3 0.29 23.77 244 15.26 7.2 4.78 0.098 0.031 0.025
KelafitI‘(oIah K2 0.35 24.16 24 17.36 6.33 6.85 0.062 0.042 0.036
K1 0.4 25.09 1.25 17.02 8.06 7.3 0.064 0.058 0.036
_g’ D3 0.21 24.06 3.21 10.36 2.19 2.56 0.063 0.01 0.009
-ng: St. Daronkolah D2 0.27 24.89 6.25 17.03 4.35 491 0.11 0.013 0.013
(—93 D1 0.31 23.16 3.16 12.2 5.24 6.1 0.152 0.057 0.056
§ Ad 0.28 22.45 8.84 26 2.54 5.74 0.109 0.014 0.013
St. A3 0.33 20.52 6.57 22.83 5.95 7.35 0.223 0.037 0.036
Anarestan A2 0.37 21.38 7.47 22 6.07 6.99 0.143 0.013 0.011
Al 0.33 18.7 242 14.17 2.27 4.38 0.099 0.142 0.140
L1 0.7 8 75 10 6.88 7.22 0.1 0.076 0.070
Lai;an L2 0.49 10 3 6.2 20.2 9.7 0.09 0.158 0.130
§ L3 0.53 9 75 11 6.47 6.03 0.09 0.063 0.055
..0::, Gl 0.34 40 11 125 37.49 17.07 0.04 0.007 0.005
g . G2 0.37 27 4 6 32.56 13.49 0.05 0.046 0.025
% St. Ghodjanak G3 0.43 24 0.57 15 36.79 14.14 0.07 0.572 0.380
5 G4 0.38 28 0.85 2 34.61 15.35 0.06 0.276 0.150
St. S1 0.55 30 3.2 4.6 28.33 17.61 0.04 0.03 0.010
Skandary S2 0.65 39 2.2 35 63.63 29.38 0.04 0.052 0.010
Lal 0.155 0.6 12.2 16.8 9.03E-08 0.102 0.101 0.0495 0.048
La2 0.162 0.6 12.2 16.8 1.66E-07 0.109 0.103 0.0516 0.048
La3 0.08 0.6 12.2 16.8 3.82E-07 0.05 1.042 0.0542 0.048
Lad 0.099 0.6 12.2 16.8 1.48E-06 0.06 1.145 0.0664 0.056
La5 0.124 0.6 12.2 16.8 3.42E-06 0.095 1.317 0.0817 0.056
g = La6 0.095 0.6 12.2 16.8 8.71E-07 0.064 0.114 0.0638 0.056
% é La7 0.143 0.6 12.2 16.8 3.91E-07 0.097 0.107 0.0556 0.048
g g’_ La8 0.161 0.6 12.2 16.8 6.52E-07 0.118 0.112 0.0617 0.056
S w La9 0.18 0.6 12.2 16.8 1.47E-06 0.147 0.121 0.0712 0.056
Lal0 0.199 0.6 12.2 16.8 1.98E-06 0.163 0.123 0.0745 0.056
Lall 0.123 0.6 12.2 16.8 4.6E-08 0.086 0.151 0.0571 0.056
Lal2 0.16 0.6 12.2 16.8 2.52E-06 0.139 0.175 0.0765 0.036
Lal3 0.162 0.6 12.2 16.8 2.77E-06 0.145 0.171 0.0731 0.056
Lal4 0.122 0.6 12.2 16.8 1.25E-06 0.091 0.169 0.071 0.064
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Table 2. Dimensionless parameters appropriate for multiple regression

Empirical Bed Load Transport Equations

1 2 3 4 5 6
zone Site Station ;
T T D Fr Dso/Dgo T/H S

St. K3 1.239 57.51 0.414 0.16 81.97 0.0077
Kelarikolah K2 1.166 52.22 0.429 0.138 69.03 0.0058
K1 1.603 27.92 0.373 0.073 62.73 0.0003
g D3 1.098 76.23 0.357 0.31 114.57 0.0055
g St. Daronkolah D2 1.025 146.2 0.446 0.367 92.19 0.0077
% D1 1.021 71.42 0.493 0.259 74.71 0.0071
§ St. A4 1.051 221.2 0.542 0.34 80.18 0.0098
Anarestan A3 1.019 156.2 0.566 0.288 62.18 0.0106
A2 1.18 165.6 0.458 0.339 57.78 0.0032

Al 1.012 55.76 0.566 0.171 56.67 0.005
St. L1 1.086 142.7 0.49 0.75 11.43 0.0084
Langan L2 1.215 57.09 0.9 0.484 20.41 0.0153

5 L3 1.145 142.7 0.55 0.682 16.98 0.01
E Gl 14 209.3 0.68 0.88 117.65 0.0009
§ G2 1.84 76.13 0.71 0.667 72.97 0.0011

S St. Ghodjanak

g G3 1.505 10.85 0.67 0.38 55.81 0.0017
E G4 1.84 16.18 0.75 0.425 73.68 0.0018
St. S1 3 60.9 0.46 0.696 54.55 0.0016
Skandary S2 5.2 41.87 0.47 0.629 60 0.0018

Lal 1.031 309.229 0.721 0.726 3.871 0.008

La2 1.075 315.592 0.705 0.726 3.704 0.008

La3 1.129 291.380 1.328 0.726 7.500 0.015

La4 1.186 289.611 1.179 0.726 6.061 0.015

La5 1.459 279.536 1.083 0.726 4.839 0.015

% = La6 1.139 281.154 1.205 0.726 6.316 0.015
% é La7 1.158 323.908 0.806 0.726 4.196 0.009
§ g_ La8 1.102 326.251 0.774 0.726 3.727 0.009
S w La9 1.271 329.846 0.738 0.726 3.333 0.009
Lal0 1.330 328.878 0.699 0.726 3.015 0.009

Lall 1.020 618.174 0.936 0.734 4.878 0.020

Lal2 2.125 618.174 0.873 0.734 3.750 0.020

Lal3 1.305 618.174 0.939 0.734 3.704 0.020

Lal4 1.109 626.168 1.039 0.734 4918 0.025

2.3. Empirical Equations for Bed Load Transport

To investigate the effect of hydraulic and geometric
parameters on the bed load transport rate, a number of
hydraulic and geometric parameters, such as average
velocity, shear stress, hydraulic depth, water slope, and
sediment particle diameter, were applied in dimensionless
forms. The ability of prediction of the empirical equations
was investigated by the measured data. Dimensionless

hydraulic parameters are the Froude number (Fr), the relative
Shields parameter (t*/ t*;), and the shape factor (T/H). The
dimensional geometric parameters are the particle parameter
(D*), which is calculated from the following equation [21]:

. {55_1:] i.-'IE-

Where SG is specific gravity (ps/p), ps is sediment density
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and p is water density, g is gravitational acceleration and v is
the fluid kinematic viscosity. Table 2 presents the
dimensionless parameters used for multiple regression in this
study.

Eighty percent of data from 33 cross-sections of the two
rivers and laboratory were employed to develop the
empirical equations and twenty percent of data were
considered to calibrate these equations. Using the
Kolmogorov — Smirnov test in the SAS software, the
normality of data was confirmed. Two dimensionless
equations were derived for this study: equation (7) using
hydraulic parameters and equation (8) using geometric
parameters:

Qps = 0613 +6856 Log (=) — 1426 (Fr) + 00286 (5) (7)
Tc

Qb2 = 2.88 — 0.00808(D*) — 53.41(5) + 3.09 (;’ﬂ} (8)
S0

In Equations 4 and 5 bed load rates (Qp) is equal:
Qb1=Qr2 = (Q’)°° ©)
The reason for presenting the bed load equations in terms
of dimensionless parameters is to keep generality, therefore,
the equations and results are transferable across a range of
scales. Statistical benchmarks that confirm the validity of
equations (7) and (8) in the SAS software were calculated, as

shown in Table 3. In this table, the Durbin - Watson (DW)
statistic shows the independence of errors that should be in

99

the range of 1.5 to 2.5. Also by other criteria, such as R?,
RMSE, CV (coefficient of variation), the error ranges were
acceptable.

Table 3, presents a summary of statistical analysis of
equations (7) and (8). This table shows that the contributions
of the relative Shields parameter (t*/ t*.), the Froude
number (Fr) and the shape factor (T/H) on the bed load
evaluation. Some pioneer researchers (e.g., Meyer-Peter and
Muller) used the Shields parameter and its critical value in
their equations, however, the contribution of Froude number
and the shape factor is novel. Using 280 gravel-bed rivers
from different regions of the world, Afzalimehr and Anctil [1]
found that the three parameters of (t*/ 1*.), Fr and T/H in
equation (7) are among the controlling parameters to
estimate flow resistance. Application of these parameters to
predict bed load transport by using a linear equation (7) with
high coefficient of determination (R2= 0.75) reveals that
these parameters are also suitable to formulate bed load
motion.

Figure 4, compares the predictions of equations (7) and (8)
with measured data. Accordingly, both hydraulic and
geometric parameters play important roles in the bed load
prediction, showing the coefficient of determination (R?)
more than 60% (see table 4). Furthermore, most of used data
in this study are located within the range of £100 % which is
considered as reasonable range for bed load transport studies
[21].

# Equation?
10.000 ,, / Equation8
/I /]
L 4 - v
1.000
b~ + bl /{ +5 t +
3 e
E-1 * / 750
2 0100 oy
3 7 gaes
£ 1 =
p 1
0.010 . =T
B L7100
0.001 A el
0.000 4L
0.0001 0.0010 0.0100 0.1000 1.0000  10.0000
calculated(Qb)

Figure 4.

The comparison of measured Q, and computed bed load
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Table 3. Statistical benchmarks to confirm relations extracted from SAS software for 80% of data

N
umt_Jer Equations extracted from SAS software DW R? RMSE Ccv
Equation
T T
1 Qy1 = 0.613 +6.856 Log (; )—1426(Fr)+ 0.0286 (ﬁ) 186  0.75 1.226 61.06
D
2 Q> = 2.88 —0.00808(D*) —53.41(5) +3.09 (D—:) 165 0552 164 80.9
Table 4. Benchmarks of statistical criteria calculated for 20% of the test data
Number . )
. Equations extracted from SAS software RMSE MAE R
Equation
T T
1 @y1 = 0.613 +6.856 Log (; J—1426(Fr)+ 0.0286 (E} 1.49 -1.077 0.87
c
2 @ya =288 — 0.00808(D*) — 53.41(5) + 3.09 (jﬂ} 1.68 0.353 0.61
S0

3. Conclusions

The following conclusions are drawn from this study:

1- Considering no consistent relationship between the
performance and degree of equation calibration or
complexity in the existing data in the literature, a linear
function seems (Equations 7 and 8) sufficient to
describe our data rather than fitting by a power function
as suggested by other studies [4]. The results of this
study will be especially useful for designers and
planners in mountainous regions, where large slopes
and small relative depths are frequently encountered.
2- Results show that calibration and validation of both
hydraulic and geometric parameters play important
roles in the bed load prediction, with a coefficient of
determination (R?) more than 60%.

3- Hydraulic parameters-based regression equations are
more accurate than the geometric parameters-based
regression equation.

4- The Shields parameter, the shape factor and the Froude
number are among the controlling hydraulic parameters
of bed load transport, showing a coefficient
determination R?= 0.75 for developed equation in table
3 and R*= 0.87 for calibrated data in table 4. On the
other hand, grain size distribution and the water slope
play a significant role as geometric parameters of
sediment  transport, showing the coefficient
determination of more than 55 percent.

5- The available data do not allow to present any confident
equation of bed load transport for a wide range of flow
and morphologic conditions based on physical concepts
due to weak correlation between physical process and
sediment  transport evaluation, showing great
uncertainly on the prediction of bed load transport. The
overall inaccuracy may not be less than a factor 2 as had
stated by Van Rijn [21]. More bed load data are
required to collect in coarse-bedded rivers in order to
generalize the findings of this study.

List of Symbols

u*: Minor shear velocity (m/s)
Umax : Maximum velocity observed in a velocity profile
(m/s)

&*: Displacement thickness (m)

6 : Momentum thickness (m)

h: Local flow depth at each cross section

H : Hydraulic depth at each cross section (m)

T: Width of the water surface (m)

Dso: Median diameter of bed load particles (mm)

Dgo: Grain diameter at which 90% of the sediment sample
is finer than (mm)

Q’y: Bed load transport rate (ton/day)

Q: Flow discharge (m®/s)

U"™: Equivalent cross-sectional shear velocity (m/s)

noox
i=1% @i

=U*:Z

A

A: Total area of the cross-section

a;: Area between the axis

* : Shields parameter (N/m?)

T Shear stress (N/m?)

p: Water density (kg/m®)

ps : Sediment density (kg/m®)

v : Specific weights of sediment (N/m?)

v: Specific weights of water (N/m?)

Op: Bed load discharge per unit width (ton/day/m)

*.: Critical Shields parameter (N/m?)

SG: Specific gravity

g: Gravitational acceleration (m/s?)

9: Fluid kinematic viscosity (m?/s)

S: Bed slope (m/m)

Dso/Dgo: Parameter related to the ratio of particle
diameters

Fr: Froude number

T*/ 7% . Relative shields parameter

T/H: Shape factor

D*: particle parameter

Qu:: Bed load discharge for hydraulic parameters
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(ton/day)

Qu2: Bed load discharge for geometric parameters
(ton/day)

DW: Durbin — Watson

R?: Correlation or (R) Square

RMSE: Root Mean Square Error

CV: Coefficient of Variation

MAE: Mean Absolute Error
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