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storage capability of wetlands, lakes, reservoirs and rivers. Here sediment concentration indicates suspended 
sediment concentration throughout the text. Hence, estimating sediment concentration in watersheds on regional 
scale is significant process for water resources development and management. Sediment concentration is evaluated 
either from direct measurement or using sediment transport equations at basin outlet. The process of straight 
measurement is costly and not performed to every observing station. Alternatively, Artificial Neural Network (ANN) 
modeling is another technique for identifying complex relationship between data sets of input and output. To verify 
watershed characteristics due to unpredictable weather pattern different algorithms are used to optimize multi-
dimensional non-linear objectives functions.   

Crowder et al. (2007) used nonlinear regression technique to calculate approximately sediment concentration and 
compared the result by fitting linear regression method. Wang and Linker (2008) used multivariate linear regression 
models to interrelate the sediment load and discharge. Sadeghi et al. (2008) used sediment graphs and hydrographs 
to measure discharge and sediment transport. Gao (2008) adopted variety of methods for monitoring, estimating and 
modeling suspended sediment load. Ganju et al. (2008) developed a model for predicting daily sediment load. 
Arabkhedri et al. (2009) applied sediment rating curves to estimate sediment load. Jain (2001) used feed forward 
ANNs to develop stage-discharge-sediment model for two sites on the Mississippi River. Partal and Cigizoglu 
(2008) combined wavelet and ANN method to calculate suspended sediment load. Jothiprakash and Garg (2010) 
used back propagation neural network (BPNN) to evaluate sediment trap efficiency in a reservoir and found that the 
BPNN model shows better accuracy as compared to regression analysis. Aytek and Kisi (2008) used genetic 
programming (GP) for mapping daily suspended sediment-discharge relationship. Cobaner et al.(2009) used 
Adaptive Neuron-Fuzzy Inference System (ANFIS) to guesstimate suspended sediment concentration and found the 
potential of neuro-fuzzy technique to multi-layer perceptron (MLP), generalized regression neural networks (GRNN) 
and radial basis neural networks (RBNN). 

The objective of the study compels to forecast sediment concentration at different discharge and temperature 
conditions. A multiple regressions as well as BPNN models are incorporated to predict the sediment concentration. 
Concert of both models are analyzed with root mean square error and coefficient of correlation. Genetic algorithm is 
used to find minimum sediment concentration as well as the optimal hydrologic conditions. At the end GA has been 
coupled with BPNN and multiple regressions (MR) to forecast minimum sediment concentration. Comparison is 
then made between coupled GA-BPNN and GA-Regression models to show the efficacy of the system.  

2. Study area   

Suktel river basin is the largest basin of Bolangir district, Orissa. It is one of the major river basins in the eastern 
region of Bolangir covering the watersheds of Loisingha, Patnagarh, Bolangir, Puintala, Belpara (Fig. 1).   

 
 

 
Fig. 1. Study Area: River watershed: Suktel  
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The river, Tel is encompassing Nabarangpur, Kalahandi, Balangir, and Sonpur District of Odisha, India and 
stands as central tributary of Mahanadi. It is eight kilometres away from the town of Titilagarh and flows 
intermittently in the region. River is located in the upper part of Bolangir district. The latitude 20°50′N and 
longitude  83°54′E are the geo coordinate of the starting point of river. The overall climate of the basin is 
subtropical. Winter season normally sets over the basin from December to February. Precipitation during this period 
is mostly confined to the northern half of the catchment. The summer season is relatively long, continuing from 
March till June. South-west monsoon normally advances over the basin by the third week of June and the whole 
catchment receives moderate rainfall till the first week of October. The basin has a high rate of potential 
evapo-transpiration. 

3. Methodology 

3.1 Correlation 

Correlation provides a measure of goodness of fit and has usefulness in model formulation and model 
verification. Here coefficient of correlation is evaluated using Pearson Product Moment Correlation, known as 
Pearson's correlation coefficient (r), and is defined as the covariance of the two variables divided by the product of 
their standard deviations as shown in equation 1. 
� � ∑ ������������������

�∑ ������������ �∑ ������������
         (1) 

Where, 

��� ��	 are sample variables used for correlation 
��� �� are mean variables 
Sample of data is interpreted and indicates the best Pearson correlation statistics. It is indicated from correlation 

matrix that same variable is linearly best correlated with itself (yielded output as 1) but do not correlated linearly 
with other variable such as discharge with temperature yielding output as 0.062, discharge with sediment 
concentration yielding output as 0.271 and temperature with sediment concentration (yielding output as 0.019). So it 
is not linearly correlated. Hence in the next attempt a nonlinear correlation has been proposed using regression 
model. 
3.2 Nonlinear regression model 

The nonlinearities existing in the samples and hence nonlinear regression models have been proposed for this 
case. Nonlinear regression models have been prepared using all factors (discharge and temperature) and numbers of 
regression models were prepared within confidence interval of 95% using date fit software. Best fitted model is 
indicated in the equation 2. Robust model prepared in this case is having coefficient of multiple determination (R2) 
as 0.8614 which is acceptable for the investigation as shown in table 3. 
� � � � �� � �) + (c� ��) + (d� ��) + (e� ��� � �� � ���	� � �� � � ��� � � ��� � �

��� � � ���  (2) 

Where S, Q and T are sediment concentration, discharge and temperature 
a, b, c. d, e, f, g, h, I, j, k are different constants with respect to flow condition.  

Fig. 2 indicates the contours of sediment concentration with respect to discharge and temperature. If there is 
appreciable decrease in temperature, the fall velocity of the finer particles will be materially reduced. This results in 
the fact that the lowering of the temperature will increase the sediment concentration under identical hydraulic 
conditions. Fig. 2 shows three distinct phases of sediment concentration with temperature. In the first phase, 
sediment concentration increases as temperature decreases from 320C to 29.50 C and then decreases as temperature 
decreases from 29.50C to 260C and finally remains constant in the rest of the region. Similarly Fig. 2 shows two 
distinct phases of sediment concentration with discharge. In the first phase, sediment concentration increases and 
then decreases as discharge increases from 504 m3/sec to 2250 m3/sec and finally increases in the rest of the region. 
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