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Abstract: The main objective of this study was to estimate runoff using rainfall as input variable on daily basis by developing models using 
artificial neural network (ANNs) and wavelet based ANNs (WANNs). This study deals with location and climate of study area, collection of 
rainfall-runoff data, standardization of data, input selection using Gamma test and methodology adopted for runoff estimation and modeling 
using ANNs and WANNs for Haripura dam located in U.S. Nagar district of Uttarakhand. As the numbers of neurons are increased, correlation 
between rainfall and runoff first increase and then decrease. So at an optimum number of neurons there exists a best correlation. WANNs 
models give better correlation coefficient, lesser root mean square error and more Nash Shutcliff coefficient of efficiency as compared to ANNs 
models. These results can be useful for runoff forecasting for various purpose such as irrigation purpose.
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Water resources of the world in general are under heavy 

stress due to increased demand and limitation of available 

quantity. Proper water management is the only option that 

ensures a squeezed gap between the demand and supply. 

Sustainable water management of a river basin is required to 

ensure a long-term stable and flexible water supply to meet 

crop water demands.Worldwide many attempts have been 

made to model and predict rainfall behaviour using various 

empirical, statistical, numerical and deterministic techniques 

(Meher and Jha 2011a,b). Water resources structures need 

appropriate planning to ensure the fulfillment of the goals of 

water management. It requires a system approach that 

includes not only all of the hydrological components, but also 

the links, relations, interactions, consequences, and 

implications among these components. It is necessary to 

forecast the runoff for planning and management of available 

surface water. Artificial intelligent techniques are more 

popular amongst researchers because of ease in operation, 

time effectiveness and good results. Although these data 

driven models are widely applied in hydrologic studies but still 

some space is present which reduce its prediction 

performance (Tayyab et al 2017). Levenberg-Marquardt 

algorithm is commonly adopted method for modeling various 

earth system and environmental processes (Vidyarthi and 

Jain 2020). The main objectives of this study are to select the 

best input combination using gamma test (GT), to develop 

rainfall-runoff models using ANNs and WANNs techniques 

and to evaluate the performance and adequacy of the 

developed models. 

MATERIAL AND METHODS

The Haripura dam is an earthen dam, built on Bhakhara 

river in Udham Singh Nagar district of Uttarakhand  at 29  8' N 0

latitude and 79 ,20' E longitude. The catchment area of 0

Haripura dam is 294.4 sq. km. which is hilly and partially 

plain. Reduced level of cut in between Baur and Haripura 

dams is 238.81 m. River Ganga is the basin area of this dam. 

Dam has a maximum height of 10.98 meters and length of 

7.90 kilometers. Dead storage level is 236.22 m and full 

reservoir level is 242.32 m. Reservoir capacity at full storage 

level is 28.317 million cubic meter. Data is obtained from the 

Irrigation division Rudrapur. Daily rainfall and corresponding 

runoff data for four months of monsoon season i.e. June, 

July, August and September were obtained for 20 years 

starting from 1996 to 2015. This data is taken for analysis of 

rainfall runoff modeling. Rainfall and runoff time series is 

shown in Figure 1.

For obtaining an optimum and efficient training between 

input and output data, all input and output data were 

normalized using a standard normal variable (z). It provide 

simple and fast training convergence within a small range 

during model development andalso eliminate dimensions, 

thus give equal weightage to all variables. The standard 

normal variable is defined as eq. (1) as,

The 2440 sets of rainfall-runoff data were distributed as 

1708 samples (70%) for training and732 samples (30%) for 

testing purpose using artificial neural network (ANNs) and 
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