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Abstract: The measurement of sediment yield is essential for
getting the information of the mass balance between sea and land.
It isdifficult to directly measure the suspended sediment because
it takesmoretime and money. One of the most common pollutants
in the aquatic environment is suspended sediments. The sediment
loadsin rivers are controlled by variables like canal sope, basin
volume, precipitation seasonality and tectonic activity. Water
discharge and water level are the major controlling factor for
estimate the sediment load in the Krishna River. Artificial neural
network (ANN) isused for sediment yield modeling in the Krishna
River basin, India. The comparative results show that the ANN is
the easiest model for the suspended sediment yield estimates and
provides a satisfactory prediction for very high, medium and low
values. It is also noted that the Multiple Linear Regressions
(MLR) model predicted an many number of negative sediment
outputs at lower values. This is entirely unreality because the
suspended sediment result can not be negative in nature. The
ANN is provided better results than traditional models. The
proposed ANN model will be helpful wherethe sediment measures
arenot available.

Keywords : Back propagation algorithm, Suspended sediment
yield, Krishnariver, Artificial Neural Network.

. INTRODUCTION

In streams and rivers the transport of suspended sediment is
most important. The quantity of sediment transported during
the waterway provides the necessary information for its
morphodynamics, its catchment basin geophysics and,
subsequently, for operations between the river in terms of
erosion and sedimentation operations in the water system.
Sediments transferred from continents to sea through rivers.
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Rivers are one of the most significant mechanisms that regul

ate the stability of the river bank, the formation of soil, water
quality, geochemical sections of aquatic ecosystemsand the
host of specific processes related to the earth. Due to change
sin place in the continent throughout the earth's history, rive
r flow and sediment masses together have shown differences
across completely different periods of time.

However, a high-flow stream's high sediment carrying
capacity can only increase sedimentary suspension if afurther
sediment is offered. During all days of high discharge, the
provision is made through the erosion from the land surface
and suspension of particles such as clay sand, etc. that has
settled down in ancient times in the body of water. Several
sediment loads, factors such as relief, canal paths, rain
seasonality and tectonic activities, are very important factors.
Most models are designed to model the suspended sediment
load, which is difficult to obtain and expensive, physically
and conceptually dependent. In empirical models, the
suspended sediment yield calculable by relating the
characteristics like voidance, topography, land and climate.
These are used due to their straightforward structure and
numerical methods.

Some researchers have used traditiona mathematical
models, such as the, Multiple Linear Regression(MLR) and
Sediment rating curve (SRC) for sediment load estimation
and have found that these models are unable to capture
sediment load changes. Artificia intelligence techniques and
other mathematical models were used successfully by various
researchers to solve complex non-linear worldwide problems
in hydrology and other domains (Chakravarti and Jain 2014;
Chakravort et al 2017a; Chakravort and Das 2017b;Kebed et
al. 2017; Chaube 2017, Yadav et a. 2017, 2018a; Chaube
2018a,b; Patel et a. 2018; Patel et a. 2019a,b. Y adav 20194,
Y adav and Satyannarayana 2019b). Various researchers have
been used artificia intelligence for sediment load estimation
in river basin system (Kebed and Chakravarti 2017;Y adav et
al 2018b). One common intelligence-driven technique is the
ANN, and various researchers have successfully used it to
measure sediment load and it have provided abetter result. the
traditional SRC and MLR methods (Jain 2001; Bhattacharya,
et a.,2007; Zhu et d.,2007;Rgjace et a.,
2009;Melesseet al., 2011, Yadav et a., 2017,2018). Interms
of floods and water production capacity, the Krishna River is
one of the important Indian rivers. In order to forecast floods
inIndian Krishnariver basin and precipitation, ANN has been
successfully implemented.
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Nevertheless, no attempt was made at the Wadenpalli Gauge
Station to estimate the suspended production in the Krishna
River. Nevertheless, dueto complex processes like deposition
and erosion, the estimation of the suspension in sediment
yield was not asimple task. In recent years, the techniques of
the artificial neural network (ANN), in particular in the area
of pattern recognition and functional estimation provide
excellent performance in areversal of regression.

[I. STUDY AREA

Krishna River is chosen for the analysis of sediment yield.
Krishna River isthe fourth largest river in India after the Ga-
nga, Godavari and Brahmaputra River in terms of water
flowsandriver basinsize. The river has a length of
approximately 1400 kilometers. The river is also known as
Krishna veni. It is one of Maharashtra, Mysore, Telangana
and Andhra Pradesh's main irrigation reservoirs. It is one of
Bharat's longest flows. Roughly 1,400 kilometers long is the
Krishna River. Krishna Rivers Information Office is located
a Mahabaleswar near the village on the east seacoast of
Hamsaladeevi (near Koduru) in Andhra Pradesh, on the east
side of the island of Taluka, the satar district, Mae West, and
Maharashtra. The Krishna River formed at approximately
1300 meters above sea level in Western Ghats near
Mahabaleshwar, in Central India's Maharashtra state. The
river delta has been the home of the Satavahana Antediluvian
dynasty and of the Ikshvaku Sun King and one of the most
fertile regions in India. Vijayawada is the Krishna River's
largest city Centre.
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Figure 1. Location map of the Krishna basin showing
main streams and Wadenpalli gauge station

The study collected the monthly discharge of water from
Wadenpalli and the suspended sediment production data for
the period of 40 years from 1981 to 2010, to develop a
sediment outcome forecast. The gage station Wadenpalli is
located at 80°04' longitude and 16°48' | atitude. Figure 1 shows
the location map of the Wadenpalli gage station in Krishna
river.
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1. METHODOLOGY

A. Artificial neural network (ANN)

The Artificial Neural Network (ANN) is commonly known as
the neural computing network which istheoretically based on
biologica neural network structures and functions. The
method, receiving and passing datain Synonyms/ Hypernyms
(ordered by approximate frequency) of noun terms in
computer scienceislike an artificial human nervous network.
The ANN isapopular, non-linear statistical class of artificial
intelligence which is capable of learning complex nonlinear.
There were three different levels s features in the neural
network as shown in Figure 2. These are Input layer, inwhich
all theremarks are rendered in the template through thislayer,
Hidden layer, and it is possible to use more than one hidden
layer to process the inputs obtained through the input layer
and finished output layer

input layer

hidden layer 1

hidden layer 2 output layer

Figurel Artificial Neural Network block diagram.

B. MultipleLinear Regression(MLR)

The MLR aims of forming a linear relationship between the
explanation variables (independent) and the response variable
(dependent). Essentialy, multiple regression is an extension
of the traditional less-square regression which involves more
than one explanatory variable Traditionally MLR models are
the most frequently used methods for sediment production by
using linear inputs. The sediment output of the same data set
has been analysed for MLR. The MLR equation is required
Sy = arbQu*cl @)
Here a, b and ¢ are defined MLR equation regression
coefficients. L, is the precipitation, Q(t) is the discharge of
water and Sy, is the charge of the sediment at the given time.
The values a, b and ¢ were calculated with the inputs and
observations using a method of least square regression.
The independent variables such as water level and water
discharge have not been interacted.

C. Sediment Rating Curve (SRC)

In all sediment rating curves, there is the most common pow-
er function ratio describing the average ratio of streamflow t
0 suspended sediment concentration (SSC) for a certain loc-
ation. The sediment rating curve equation is given as

@

S=aQ’
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Here Q is the water discharge and Sisthe sediment load. a
and b are the coefficient of SRC. Water dischargeinformation
isused as input to estimate SRC sediment production, which
is interpreted as the relationship between power function.
Sustained sediment concentrations are SSC (g/ m®) and SL (g
/ s) are the load of sediment.

IV. RESULTSAND DISCUSSION

A. Levenberg-Marquardt algorithm in feed-forward
back-propagation artificial neural network model

Inthisresearch, Levenberg Marquardt (LM) agorithm, which
converges quickly and trains neural network significantly
faster rate than the usual gradient descent The ANN model
was used for the back propagation process. The ANN has
been used to predict the suspended load in Wadenpalli guage
station, Krishnariver. There may be achangein the number of
hidden neurons, where the Levenberg-Marquardt system has
played a significant part with the use of ANN models.
However, the optimum neuron count in the hidden layer was
demonstrated 12. As an activation function for both the cache
and the output layers, the tan-sigmoid activation function was
optimally chosen. In the model LM algorithm a value of 20
was selected for optimized combination (p) coefficient value.
Figure 2 shows the variation of the ANN model learning
parameter.

Gradient = 0.0044293, at epoch 6

gradient

Mu =1e-06, at epoch 6

Validation Checks = 6, at epoch 6

=2}

wval fail
-
-
-

-

6 Epochs

Figure.2. Variation of learning parametersin

training phase
Figure 3 shows that the sediment yields measured and
found are very similar. From the scattered plots (Figure 4
and Figure 5) it is aso clear that the actual and ANN
model predicted sediment values are closer than 45 degree
(1:1) (observed sediment values are the same as the
expected values) in the validation, practice and test
datasets.
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Figure.3. Comparison between observed and estimated
suspended sediment load of ANN model
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Figure4. Scatter plotsof normalized observed and
estimated suspended sediment yield of ANN model
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Figureb5. Scatter plotsof observed and predicted
suspended sediment yield of ANN model
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B. Multiplelinear regression (MLR) model

The multi-linear regression (MLR) method was conducted
using the combined data set validation and learning. No
validation data set for the linear sample is therefore required.
The same run data used for neura network models ' test
designs The MLR model inputs are The selected according to

the  forward selection method, by adding
A parameter at one time.
MLR
12
1| e Observed ——ANN

Sediment yiel

Figure 6. Comparison between observed and predicted
suspended sediment yield of MLR model
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Figure 7 . Scatter plots of observed and predicted
suspended sediment yield of ML R model
The MLR position shows that some dispersion points are less
than 45 degrees line
and at places where a sediment has negative values is very
low from Figure 6 and Figure 7. It shows that data are
extremely non-linear in the field of smal samples. The
non-linearity that results in negative estimated values is
failure to capture this linear good example. The resolution
states that the ML R method generates negative sediment yield
values. Moreover, sediment levels can not in fact be negative.

C. Sediment Rating Curve(SRC) model

The SRC-based nonlinear regression (NLR) model was fitted
with the combined data sets of training and validation. No
input parameter extract algorithm was used since we used one
input, namely water discharge. The model for thisisthe least
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square method in general. The Power Relationship model
(PR) is obvious, i.e. The SRC model generates a higher R?
and higher root mean sguare error (RMSE) vaue
The lower coefficient of determination(R?)
and RM SE during the testing phase during the training phas-
eR? and RMSE therefore did not give the same direct
relationship pattern.
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Figure 8. Comparison between observed and predicted
suspended sediment yield of SRC model
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Figure 9. Scatter plots of observed and predicted
suspended sediment yield of SRC model

Figure 8 shows that the predicted and observed sediment
yieldsdiffer widely. The scatter pointsare not inthe 45 degree
line as shown in a scattering plot (Figure 9). Rajaee et al.
(2009) also estimated very significant deviations in sediment
yields from Predicted suspended sediment values using the
SRC model when reporting data from Little Black River and
Sat River, USA, showed significant variations in the
sediment yield values predictable to observed. Due to poor
non-linear functionality, the larger deviation in the SRC
model was. These bad results show also that other variables
like temperature, rainfall etc. are also importance.
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V. Comparative evaluation of the different modelson
testing data
After the development of ANN, MLR and SRC models, the
performance of the models was examined using the test
dataset.
Tablel. Comparing the Performances of ANN, MLR and
SRC modelsfor thetesting period.

Models RMSE MSE R2

ANN 0.0435 0.0019 0.725
MLR 0.39%64 0.1571 0.466
SRC 0.3053  0.0932 0.789

The observed error statistics during testing phase using the
ANN, MLR and SRC modelsaregivenin Table 1. It isfound
that the ANN performed better in terms of minimizing the root
mean square (RMSE) and mean square error (M SE) than the
traditional MLR and SRC models. However, athough R? is
very high (0.725) for the ANN is still next to SRC model,
which has amaximum R? value (0.7894). Based on only R2, it
is not always possible to demonstrate the capability of any
model (Legates and McCabe 1999, Yadav et a. 2018).

VI. CONCLUSION

The suspended sediment yield were calculated at Wadenpalli
gauge station of the Krishna basin by MLR, SRC and ANN
models with water discharge and water level. The most
important parameters are observed as water and water
discharge for suspended sedimentsin the Krishna River. The
ANN model developed is highly generalized than SRC and
MLR models. The ANN model includes appropriate sediment
load estimates at the Krishana River basin gage station in
Weadenpalli. The ANN is compared with other conventional
regression model such asMLR and SRC.It isfound that ANN
model has a high generalization power as compare to others.

This hydrological modeling work will be beneficial in this
case if estimates of sediment values are not available.
Sediment estimates will contribute to the efficient
management of watersheds. This method would lead to a
better management of downstream water resources and also
for the design of pipes, reservoirs, bridges, cana's, processes
in the field of water treatment and stream geomorphology in
the Krishna River, India and the assessment of water quality
issues.
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