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Jamuna river is a morphologically very dynamic river. It 

carries a vast sediment load from the erosive foothills of 

Himalaya mountain. The length of the Jamuna River is 220 

km. For this research work Jamalpur district is selected to 

assess morphological changes using hydrodynamic, Artificial 

intelligence and google satellite images. First, the 

hydrodynamic model was calibrated and validated at Kazipur 

station for the years 2018 and 2019 respectively. Then, left 

overbank maximum discharge, water level, velocity, the 

slope was extracted from HEC-RAS 1D at 300 m interval 

interpolated cross-section. Then, this cross-section was 

exported as a shapefile. In google earth, the erosion rate was 

measured corresponding to this interpolated cross-section. 

The results of the hydrodynamic model were given as input 

variable and erosion rate as an output variable in Machine 

learning and deep learning technique. Calibration and 

validation of the regression model was done for the years 

2018 and 2019 respectively. This research work can be 

helpful to locate the area which are vulnerable to bank 

erosion. 
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1. Introduction 

River erosion occurs generally in monsoon period of Bangladesh. Hydraulic forces and 

geotechnical instability are the main factor to initiate river erosion. River erosion means loss of 
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land which is the reason of the shifting the course of river channel. It initiates the development of 

the floodplain. It is additionally significant from the geomorphological viewpoint [1,2]. Center 

for Environmental and Geographic Information Services (CEGIS), (2018) reported that between 

1973 and 2017, the net erosion was about 93,302 ha along the 220 km long Jamuna River and 

predicted bank erosion for 15 erosion-prone areas [3].A large number of individuals have been 

separated from their unique living spots due to intense riverbank erosion in Bangladesh. About 

285 locations, 85 built-up areas including 204 km of riverbank line of Bangladesh are vulnerable 

to river erosion [4]. Bangladesh is flat and deltaic country which is very vulnerable to the flood. 

The three major rivers are morphologically very dynamic. The Brahmaputra-Jamuna River 

carries tremendous amounts of silt from the erosive lower regions of the Himalayan foredeep. 

Different researcher interprets wide range value of suspended load ranging from 500-1200 

Mt/year. Bangladesh Water Development Board (BWDB) estimated the sediment load in two 

rivers such as Jamuna and the Ganges in 1960s. They found that most of the sediment is in silt 

size and only 15-25 percent is sand size [5]. As of now, CEGIS has fostered an interesting device 

for anticipating the riverbank disintegration one year in front of the Padma, the Jamuna and the 

Ganges dependent on time-series dry season satellite pictures. This expectation is a probabilistic 

methodology and CEGIS has been foreseeing the disintegration weak areas along the two banks 

of these streams since 2004 for three unique probabilities (30%, half and 70%). The overall 

precision of this device goes from 70% to 80% which can be considered as exceptionally 

extraordinary contemplating the weakness in fluvial interaction [6]. But according to Nardi et al., 

(2013) it has a relative degree of inaccuracy [7]. That is why hydrological and morphological 

assessment is an important part in river management study. So, the present research work plan is 

to predict of bank erosion of Jamuna river by output results of hydrodynamic model. 

According to Atkinson et al. (2003), Land use, presence of meandering appearance, Soil 

characteristics and shear stress are the controlling parameters of the soil erosion [8].Other factors 

such as hydro-dynamic conditions maximum_minimum discharge, riverbed slope, water level, 

water velocity, river bank slope have also been reported to affect the erosion rate [1,9].The bank 

erosion measure is firmly identified with the soil arrangement of the riverbanks. Erodibility is a 

kind of measure that indicates the resistance of soils to erosion. This factor is dependent upon the 

arrangement of silt, clay and sand. River bank consisting of sand and silt can be effortlessly 

disintegrated because of the characteristics of the soil. This soil also can be also easily 

transported by stream. Riverbank consisting of different soil layers are very sensible to river 

erosion and this kind of bank structure is very familiar in Jamuna river. Non-cohesive soil has 

less clay content. The shear strength of this kind of soil is also low which can be easily separated 

by low hydraulic actions [10,11]. Zhang et al. (2020) introduced soft computing techniques in the 

braced excavations to determine the maximum lateral displacement. Four Deep learning 

technique were introduced and the performance of these model were evaluated based on RMSE, 

R
2
, bias factor and MAPE. Though all four methods showed promising results but ensemble 

method showed very accurate result comparing to other three models [12]. Zhang et al. (2021) 

also used some methods of soft computing techniques to predict the settlement of surfaces due to 
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the construction of the tunnel. Then he evaluated model predictions and found that Extreme 

Gradient Boosting method gave more accurate results than other soft computing methods he used 

in the case study [13]. Zhang Goh (2016) modeled pile drivability using neural network models 

(BPNN) and Multivariate adaptive regression splines (MARS). They compared two models 

based on models predictions result and found that MARS can be effectively used to predict 

different parameters during pile driving [14]. Zhang et al. (2020) used two ensemble learning 

methods for the prediction of undrained shear strength of clays which is soft in nature. They 

found that Extreme gradient Boosting method performed very accurately than other models they 

used and this developed model can be very useful for geotechnical Engineers to estimate 

different parameters of clay soils [15]. Zhang at el. (2021) did review about the application of 

deep learning in the field of Geotechnical Engineering. He specifically described four major 

algorithms of the Deep learning category with their applications in Geotechnical field [16]. 

Zhang et al. (2020) used an Extreme gradient Boosting and random forest regression model to 

determine the factor of safety in clayey soil in braced excavation [17]. Thus in the field of 

Geotechnical Engineering, the application of Extreme gradient Boosting method can be 

effectively used. Saadon et al. (2020) used the Nonlinear AutoRegressive model with eXogenous 

inputs and QR factorization parameter which is also known as the NARX-QR Factorization 

model. This model predicts the bank erosion rate of Sg. Bernam,Selangor, Malaysia. Hydro-

dynamic conditions and soil characteristics were the input variables in that model. A straight 

least-squares procedure was followed to measure riverbank erosion rates. Important and 

dominant independent variables were introduced as input parameters. fourteen models were run 

under the NARX-QR Factorization model. The model performance analysis shows that Models 1 

and 9 has the most noteworthy and the highest R
2
 at about 76% and 89%, respectively [18]. 

Despite the fact that erosion of river bank is a common event, the early warning and the 

prediction of riverbank erosion is troublesome. Therefore different methodologies have been 

introduced and followed. The main issue concerning riverbank erosion is the identification of the 

areas which are vulnerable to bank erosion. So that forecasting of riverbank erosion will be easy 

and this forecasting will be helpful for a river restoration and river tarining projects. Different 

procedures have been followed to predict the erosion rate of river bank. Analysis of historical 

maps on GIS is a one kind of method that is used to estimate bank erosion rates. However, the 

best approach to predict and estimate riverbank erosion is to use the combination of bank 

stability methods and hydrodynamic models [7]. Of these two methods, the latter is too complex 

to be applied. The latter method requires more data variables. Generally the excess shear stress 

approach (Eq. 1) is followed in the prediction of hydraulic erosion of river banks which is 

consisting of cohesive soils. The relationship is developed by Partheniades (1965). He makes a 

relationship between hydraulic erosion and magnitude of excess shear stress (τ a  − τ c ) (Eq. 1): 

E=k(τa−τc)^a (1) 

where “E” is erosion rate and the unit is expressed in meters per second, “k” is an erodibility 

factor which expressed in cubic meter/Newton second, “τa ” is shear stress which is applied by 

flow in Pascal, and “τ c ” is critical stress in Pascal . These parameters can very significantly. But 
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Asrhaf, M. (2018) predicted bank erosion for a river consisting of silt and sand materials which 

is not cohesive in nature. So he modified the erodibility co-efficient by making relationship with 

the observed data. He got good results to predict erosion rates of riverbank but the maximum 

river discharge is about 7000m^3/sec [19] where for jamuna river every year discharge reaches 

50000m^3/sec in monsoon period [20]. Herein, The results of an 1D hydrodynamic model will 

be used for the determination of river bank erosion rate. Instead of the excess shear stress 

approach left over bank discharge will be used to predict bank erosion rate of Jamalpur district 

by Machine learning and Deep learning technique. In the past, several studies have been carried 

out to predict bank erosion of Jamuna river. Center for Environmental and Geographic 

Information Services (CEGIS) predicts river bank erosion one year earlier by the probabilistic 

approach but did not predict with hydrodynamic model [6]. Khan, M. (2015) worked on bank 

erosion using 2D morpho-dynamic model MIKE21C. He simulated Model by introducing 

revetment in the bank and found that this intervention reduced near bank velocity. A correlation 

related to hydraulic erosion was established between average discharge prevailing during 

monsoon and shear stress applied by the erosive action of flow. He used hydrodynamic model 

but did not predict bank erosion [21]. 

The river reach will be considered from upstream of Bhadurabad to Sirajgonj station(Fig. 1). In 

this study, a research work has been conducted to estimate bank line erosion of the Jamalpur 

district along Jamuna river which will be helpful to locate the area which are vulnerable to river 

bank erosion. 

2. Research significance 

This research work aims to develop a model which will predict bank line shifting using variables 

of hydro-dynamic conditions. This procedure can be helpful to predict bankline shifting of 

alluvial braided river like Jamuna using hydro-dynamic modeling tools. The model results will 

be useful primarily for river training purposes. The early warning and identification of the area 

that is vulnerable to riverbank erosion is very important. It can be useful to protect different land 

use that is facing at hydro-geological risks. 

3. Methods 

3.1. Study area 

The study area [Fig. 1] is located in northeast and north central region of Bangladesh. The 

projected river reach has started from Bhadurabadh station and ended at Sirajgonj station. The 

total length of this River is 220 Km. This river is mainly a braided river. The soil formation is 

mainly consisting of sandy types and small amount of clayey soil. The average width of the river 

varies from 6 km to 10 km including with floodplain. 
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Fig. 1. Study area showing Jamuna river reach. 

3.2. Data collection 

Cross-section was collected from Bangladesh Water Development Board (BWDB) for the year 

2018 (Table.1). 15 cross-sections were collected for the study area from #13-#7.Stage 

hydrograph at Bahadurabad, Kazipur and Sirajgonj station, flow hydrograph at Bahadurabad of 

2018-2019 were also collected from Bangladesh Water Development Board (BWDB). Google 

sate images was used to estimate bank erosion rate of the Jamlapur district (Table.1). Merit DEM 

was used for the graphical representation of the river in the HEC-RAS geometry editor. 

Table 1 

Data collection. 
Data type Source Data collection Period 

Discharge BWDB Bahadurabad 2018-2019 

Water level BWDB SW49A,SW49, 

SW46.9 

2018-2019 

Cross-section BWDB RMJ #13-#7 2018 

Google Satelite 

Iamges 

Google Earth Engine Bahadurabad 2018-2019 

MERIT DEM http://hydro.iis.u-

tokyo.ac.jp/~yamadai/MERIT_DEM/ 

Jamuna River  
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3.3. Model setup 

The DEM is originally in Geographic co-ordinate (Lat-Long) system. For the transformation of 

the coordinate system, ARC-GIS ‘Define Projection’ Tool needs to use and set to WGS 1984 

UTM 46N projection. Cross-section derivate DEM was inserted in RAS Mapper. According to 

BWDB cross-section shapefile, cross section was drawn in RAS Mapper. Then in Geometric 

editor, the geometric data was saved. In unsteady flow data window, discharge was given in 

Bhadurabadh station and stage hydrograph was given in Sirajganj station which is shown in Fig. 

2. 

 
Fig. 2. Boundary conditions. 

 After running the model, the hydrodynamic model was calibrated and validated for the water 

level with manning’s ‘n’ at the Kazipur station for the year 2018 and 2019 respectively. After 

calibration and validation of the hydrodynamic model, the results of an 1D hydrodynamic model 

were used for the determination of river bank erosion rate. Instead of the excess shear stress 

approach LOB discharge, Max_ Min WL, slope, velocity of HEC-RAS model was used to 

predict bank erosion rate of Jamuna river at Jamalpur district by Machine learning and Deep 

learning technique. At 300 m interval 5 variables were extracted from HECRAS 1D model. 

Using this output data and bank line shifting, the Machine learning model was calibrated using 

the data of 2018 and will predict the bank line shifting for the year 2019 which is represented in 

flow chart (Fig. 3). 

In MATLAB, the regression model was chosen under Machine learning and Deep learning 

technique. Five input variables and one output variable have been processed using MATLAB. 

Then all model types were selected under regression learner. After that, all models were run. 

After running about 19 models under the Artificial and machine learning model, four statistical 

parameters for each model were used to evaluate the model performance. It was found that the 

Linear regression model is not suitable to predict bank erosion rate as R
2
 was found near 0. So, 

the linear regression model types cannot be used to predict bank erosion. Similarly, Tree and 

Support Vector Machine type regression model cannot suitable for the prediction of bank line 

shifting as the statistical parameters are in a very poor range. Support Vector Machine type 

regression model cannot be used to predict bank erosion using five variables of hydro-dynamic 
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conditions near the river bank as the value of R
2
 is about 0. The value of RMSE for three 

regression models such as Linear, Tree and SVM varying from 50-60 except fine tree regression 

model. The range is not good. The value of MSE, MAE are also not in minimal acceptable range 

for the specified three regression model such as Linear, Tree and SVM (Table. 2). 

From the Table.02, the values of four statistical parameters such as RMSE,R
2
,MSE,MAE of the 

Ensemble and Gaussian type Regression learner model are in good range except few parameters. 

From 19 regression models, Exponential Gaussian Process Regression performed very good 

results as RMSE,R
2
,MSE,MAE is 21, 0.86, 450 and 9 respectively. Then this model was 

exported to validate the model for the year 2019 using five hydro-dynamic variables but it was 

found that the output of this model remains constant even using different five input variables. So, 

Ensemble Boosted Tree regression model was chosen for the prediction of bank line shifting of 

the Jamalpur district as this model responses based upon different input variables. The RMSE, 

R
2
, MSE, MAE is 32, 0.70, 1060 and 15 respectively which can be said that these values are in 

good range (Table. 2). 

 
Fig. 3. Flowchart of model setup and prediction of the bank erosion. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data collection 

Hydrodynamic model setup using HEC-

RAS  

Simulation & calibration of hydrodynamic 

model 

Estimation of Bank erosion rate 

from google Satellite image for the 

the year 2018 

Five variables representing hydro-dynamic conditions along the 

riverbank such as Left overbank(LOB) discharge, maximum 

WL, velocity, slope, minimum WL were extracted from output 

table of HEC-RAS 

five input and one output variables have been processed using MATLAB 

and regression model was calibrated for the year 2018 

Five input variables were extracted from HEC-RAS to predict bank 

erosion rate for the year 2019 using regression model in Matlab. 
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Table 2 

performance evaluation of different regression model. 

SL Regression Model types RMSE R
2 

MSE MAE 

1. Linear Regression(linear) 53 0.11 2820 30 

2. Linear Regression (Interactions 

linear) 

53 0.12 2785 32 

3. Linear Regression (Robust linear) 59 -0.08 3429 20 

4. Linear (Stepwise Linear) 54 0.09 2892 30 

5. Tree (Fine Tree) 37 0.56 1400 13 

6. Tree (Medium Tree) 52 0.15 2700 13 

7. Tree (Coarse Tree) 52 0.15 2700 27 

8. Support Vector Machines (Linear) 57 -0.03 3290 14 

9. Support Vector Machines (Quadratic) 57 -0.01 3200 19 

10. Support Vector Machines (Cubic) 52 0.14 2740 19 

11. Support Vector Machines (Fine 

Gaussian) 

55 0.06 2980 17 

12. Support Vector Machines (Medium 

Gaussian) 

57 -0.01 3205 18 

13. Support Vector Machines (Coarse 

Gaussian) 

59 -0.08 3450 20 

14. Ensemble (Boosted Tree) 32 0.70 1060 15 

15. Ensemble (Bagged Tree) 42 0.44 1785 18 

16. Gaussian Process Regression 

(Squared Exponential) 

85 0.80 612 12 

17. Gaussian Process Regression (Matern 

5/2 GPR) 

23 0.83 542 10 

18. Gaussian Process Regression 

(Exponential GPR) 

21 0.86 450 9 

19. Gaussian Process Regression 

(Rational Quadratic GPR) 

24 0.83 556 10 

 

4. Results and discussions 

4.1. Simulation, calibration and validation 

Hydrodynamic model was calibrated and validated for the year 2018 and 2019 at the Kazipur 

station with the water level which is shown in Fig. 4. The manning’s roughness co-efficient was 

adjusted to calibrate the hydro-dynamic model. Model simulated water level showed a very good 

agreement with the observed water level for the manning’s roughness as 0.029. For the hydro-

dynamic model, the coefficient of correlation(R^2) was found 0.98 for calibration and validation 

(Fig. 5). 
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Fig. 4. stage hydrograph at Sirajganj station. 

 
Fig. 5. scatter plot at Sirajganj station. 

4.2. Estimation of bank line shifting 

To determine bank line erosion, google satellite image was used. In HECRAS, the cross-section 

was interpolated in 300 m distance. Then, this cross-section shapefile was exported and imported 

in Google Earth explorer. The bank line shifting corresponding to this interpolated cross-section 

for the year 2018 was estimated which is shown in Fig. 6. As the bank is very erosive in nature, 

the maximum erosion was found 350 m/yrs. and in some location, it was found that the bank line 

is stable. It was found that the location of bank erosion varies from year to year. 
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Fig. 6. bank erosion rate for Jamalpur district for the year 2018. 

4.3. Calibration and validation of regression model 

To predict bank line erosion rate, MATLAB was used. Regression learner under Machine 

learning and deep learning technique was used to predict bank line erosion rate. About 19 

regression model was run and out of 19 regression model one regression model was chosen 

based upon responses of the model with varying input variables. The R^2 and RMSE was found 

0.70 and 30 respectively which indicates that this regression model will be used to predict bank 

line erosion for the Jamalpur district. But the overall fit is not very accurate. For R
2
=0.7, the 

minimum leaf size, number of learners and learning rate was 8,32 and 0.1 respectively. Then 

these parameters were changed gradually and finally for 4, 20 and 0.4 respectively this 

regression model gave accurate results which was found by comparing with previous statistical 

parameters. The R
2
 value was found 0.8 and the values of other three statistical parameters such 

as RMSE, MSE, MAE are 25, 700 and 10 respectively. So, parameter optimization was done for 

more accurate results. After parameter optimization of the model, the responses of the regression 

model are presented in the Fig. 7. 

 
Fig. 7. calibration graph for bank line erosion prediction. 
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The calibrated regression model was used to predict the bank erosion rate for the Jamalpur 

district for the year 2019. The validation is shown in Fig. 8. and also indicates that there is a 

satisfactory agreement between observed and simulated bank erosion rate. Then this model also 

used to predict bank erosion rate for the year 2017 and it has found that the pattern of bank line 

shifting differs to year to year which reflects the actual scenario of the Jamuna river bank (Fig. 

9). 

 
Fig. 8. validation of the regression model for bank line erosion. 

 
Fig. 9. Prediction of bank line shifting using best regression model. 

5. Conclusions 

This research work developed a bank erosion prediction model using five input variables of 

hydro-dynamic conditions along the river bank. 19 regression model was run and these 

regression models were evaluated comparing with four statistical parameters such as R
2
, RMSE, 

MSE & MAE. After that, the performed regression model was validated and it was found that 

Ensemble Boosted Tree responses differently with different input variables. But the overall fit 
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was not very accurate. Then parameter optimization was done and the value of R
2
, RMSE, MSE, 

MAE was found 0.80, 25, 700 and 10. After that, this regression model was used to predict bank 

erosion rate for the year 2019 and comparing with observed bank erosion rate, it can be said that 

this model can be effectively used to predict bank erosion rate. In Jamuna river, if any location 

faces any erosion that location will be eroded about 250-600 meter in a year. So, if we predict 

any location that is vulnerable to river erosion, this model can be helpful to give early warning. 

This model also predicted the bank erosion rate for the year 2017 and it was found that the model 

response differently based upon on the input variables which is familiar with the real scenario of 

the Jamuna river bank. 
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