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Abstract. Forecasting Rainfall is a major scientific issue in the field of meteorology.  Many 

researchers have attempted to establish linear models to predict the rainfall, but with the 

discovery of nonlinearity in the nature of weather data, the focus has shifted towards the 

nonlinear prediction of rainfall. A non-linear model based on statistical time series modeling 

and hybrid based Artificial Neural Network algorithm were applied to forecast the annual 

rainfall in the state Tamilnadu, India. A dataset containing the annual rainfall in Tamilnadu 

for a period of 144 years (1871-2014) were collected for this purpose and analyzed. The 

research findings of this study were compared using the mean average percentage error 

measure and it was found that the hybrid based Neural Network Algorithm predicted better 

when compared to the classical non-linear statistical model. 

 
Keywords: Non Linear, BDS test, Hougen Watson Model, Auto Regressive Integrated 
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1       Introduction 
 

Weather forecasting is one of the most imperative and demanding operational 

responsibilities carried out by meteorological services all over the world. Rainfall 

information is an important input in the hydrological modeling. As a country whose 

economy is heavily dependent on low- productivity rainfed agriculture, rainfall trends 

are  often  cited  as  one  of  the  most  important  factors  in  explaining  various 

socio-economic problems such as food insecurity. Rainfall prediction has great 

significance  in  planning  and  understanding the  rainfall  variability that  helps  the 

agricultural management in decision-making process. Several stochastic models have 

been  attempted  to  forecast  the  occurrence of  rainfall,  to  investigate its  seasonal 

variability, to forecast yearly rainfall over Tamilnadu. The objective of this study is to 

evaluate the effectiveness of the Artificial Neural Network algorithms over the 

traditional     non linear statistical techniques. The different models discussed in this 

research work for prediction of the Annual Rainfall in Tamilnadu are non linear 

model based on Hougen – Watson, Autoregressive Integrated Moving Average 

Method and algorithms of artificial neural networks. 
Meaza Demissie [8] studied trend and applied Autoregressive Integrated Moving 

Average Model for rainfall prediction for Melksa observatory Nazreth rainfall series. 
Uruya Weesakul and  Sudajai Lowanichchai [15]  used  both ARMA and  ARIMA 
models to fit the time series of annual rainfall in Thailand and established that ARIMA
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model is more suitable to describe inter – annual variation of annual rainfall. Separate 
ARIMA models were constructed by Seyed Amir Shamsnia et. al. [13] for modeling 
precipitation, monthly average temperature and relative humidity for Adadeh region, 
Iran. Bambang Widjanarko Otok and Suhartono [1] found a best method to model the 
rainfall index data in Indonesia by comparing the forecast accuracy among ARIMA, 
ASTAR, Single input Transfer function and Multi input Transfer Function models. 
Artificial Neural Networks have gained significant attention in past two decades. 
Hung, et. al. [3] and Khaing Win Mar, et. al. [6] applied Neural Network algorithms 
for rainfall forecasting. Somvanshi et. al. [14] introduces two fundamentally different 
approaches for designing a model, the statistical method based on autoregressive 
integrated moving average and the emerging computationally powerful techniques 
based on ANN. Najmeh Khalili et. al., [11] used a three-layer feed-forward perceptron 
network with back propagation algorithm to realize the hidden dynamics of rainfall 
through the past information of the system. 

 
 

2       Study Area and Materials 
 

The state Tamilnadu is located in the southeastern portion of the Deccan in India, 

which extends from the Vindhya Mountains in the north to Kanyakumari in the south. 

Tamilnadu stretches between 8
o 

5' N and 13
o  

35' N latitudes and between 78
o  

18' E 

and 80
o 

20' E longitudes. Tamilnadu normally receives 979 mm of rainfall every year. 

 
 

Fig.1: Geographical location of Tamilnadu 

 
Approximately 33% is from the southwest monsoon (June to September) and 48 % is 

from  the  Northeast  monsoon  (October  to  December).  The  agricultural  sector 

consumes  about  85  percent  total  water  available  in  Tamilnadu.  High  water 

requirement crops like rice (1200 mm), Sugarcane (2000 mm) and Banana (2000 mm) 

are largely grown in Tamilnadu from canal-irrigated area, tank irrigated area and  

well-irrigated area.
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Rainfall information is an important input in the hydrological modeling, 

predicting extreme precipitation events such as droughts and floods, for planning and 

management of irrigation projects and agricultural production such as reservoir  op- 

eration, irrigation area, irrigation water requirement and estimating quantity and qual- 

ity of surface water and ground water. An understanding of rainfall variability in the 

state helps the agricultural management in planning and decision- making process. 

The main objective of the current study is to find a suitable time series-forecasting 

model for the prediction of the amount of rainfall. For this purpose, a dataset 

containing a total of 144 years (1871 - 2014) monthly rainfall totals of Tamilnadu was 

obtained from Indian Institute of Tropical Meteorology, India. 

 

3       Non-linear Test and Model 
 

A powerful tool for detecting serial dependence in time series is BDS test. It is 

based on the estimation of the correlation integral. The procedure involved is 

discussed in the following steps. The null hypothesis is that the series is 

independently and identically distributed and the alternate hypothesis is the series  is  

not  independently and  identically distributed. Hence,  the  time  series  is non – 

linearly dependent.  The BDS test results for the rainfall series for embeddings 

dimensions from 2 to 5 are summarized in Table 2. At 5% level of significance, the 

BDS test statistic values are greater than the critical values significantly for 

different m values. The test analysis suggests that the rainfall series is non –linearly 

dependent. 

A non-linear model for forecasting the annual rainfall in Tamilnadu with three 

predictors x1, x2, and x3 is proposed. Let x1 denotes the year, x2 denotes the Northeast 

monsoon rainfall (October - December), x3  denotes the Southwest monsoon rainfall 

(June - September) and y denotes the annual rainfall in Tamilnadu. The Hougen – 

Watson non - linear model is given by 
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The parameter estimates for non-linear models [P.Prabhakaran et.al  [16] are found 

using least squares method. Hougen  –  Watson  model  uses  the  Gauss-Newton  

algorithm  with  Levenberg- Marquardt modifications for global convergence. The 

best iterations are  obtained for  the  parameter’s estimates with MAPE value 

5.0576. The fitted model is given as 
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Fig. 2:  Graph of Observed vs Fitted values of Annual rainfall in Tamilnadu 

 

Figure2 shows the plot of predicted values vs. observed values of the annual rainfall 

data from year 1871 to 2014 by the non – linear model. Both the observed and 

predicted annual rainfall values are quite closer. Also the predicted values through the 

non-linear model follow the trend of the observed annual rainfall in most of the cases 

and the model fits extremely well with the actual data values. 
 

 

4 Autoregressive Integrated Moving Average Method 
 

 In a time series data the past values in the series may influence the future values, 

depending on the presence of underlying deterministic forces. These forces may be 

characterized by trends, seasonality, cycles and nonstationarity behaviour in the time 

series. The ARIMA model offers an effective alternative technique for predicting time 

series data [8] and [10].  A powerful model for describing stationary and non - stationary 

time series is Autoregressive Integrated Moving Average process of order (p, d, q) where 

p is the order of the Autoregressive part, d is the order of differencing and q is the order 

of Moving Average process [2].  The ARIMA (p,d,q) model is expressed as : 

                   
tt

d aBZBB )()()1)((                                                 (3) 

 where Zt denotes the observed value at time t, B represents the backward shift operator.  

)()( BandB   have the following representations: 
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5  Artificial Neural Network 
 

An Artificial Neural Network is a computational model inspired by biological neural 

networks both structurally and functionally. It consists of a group of interconnected 

computation units called neurons. Different types of Artificial Neural Networks take 

variant forms of activation functions and inter-neuron connections to model the 

underlying complex mathematical relationships between the inputs and the outputs of 

different types of systems. Numerous Artificial Neural Network models have been 

developed for time series prediction.  Among them, the two major types are Multi-

Layer Perceptron (MLP) networks and Radial Basis Function (RBF) networks. 

Artificial Neural Networks do not have any stationarity constraint on the time series 

to be learned and predicted. The neural network training produces appropriate output 

patterns for corresponding input patterns. Different learning rules form the basis of 

different training algorithms and their applicability is dependent on the neural network 

architecture and the learning category that is being used.  The original procedure 

used in the gradient descent algorithm is to adjust the weights towards 

convergence using the gradient. It uses a gradient search technique to minimize a cost 

function  equal  to  the  sum  square  difference  between  desired  and  estimated  net 

outputs. Derivatives of error are calculated for the network's output layer, and then 

back propagated through the network until delta vectors are available for each hidden 

layer of the network.  In Scaled Conjugate Gradient Algorithm, the time-consuming 

line search at each iteration is avoided, by combining the model trust region approach 

in conjugate Gradient Algorithm. A search is made along conjugate directions rather 

in   steepest  descent   directions  for   faster   convergence  in   Conjugate  Gradient 

Algorithm. Then a line search is performed to determine the optimal distance to move 

along the current search direction. 

Recent studies focus on the problem of time series prediction using Radial Basis 

Function Network. These networks are used commonly in function approximation and 

time  series  prediction.  Due  to  their  non  linear  approximation  properties,  RBF 

networks are able to model complex mappings. The design of RBF network is an 

approximation problem in a high dimensional space and the learning is equivalent to 

finding a surface in a multidimensional space that provides a best fit to the training 

data. The normalized Gaussian radial basis function network can be used to model the 

non linear noise. The first input layer feeds data to a hidden layer. The hidden layer 

processes the data and transports it to the output layer. The weights between the 

hidden layer and the output layer are modified during training. 

This kernel is centered at the point in the input space specified by the weight vector. If 

the     input signal is closer to the current weight vector then the output of the 

neuron will be higher.  
 

 
5.1.  Training of Learning Algorithms of Neural Network 

 

The main objective of the training is to find the set of weights between the neurons that 

determines the global minimum of the error function. Training involves the following 

steps: deciding the number of iterations, selection of learning rate and the momentum 

values. The predictors for the year Y that are used to forecast the annual rainfall in 

Tamilnadu in the year (Y + 1) are the Tamilnadu Rainfall amount in the Northeast 

Monsoon, Tamilnadu Rainfall amount in the Southwest Monsoon and the annual 

rainfall in Tamilnadu. For developing an Artificial Neural Network model, the whole
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dataset is smoothed by the powerful classical technique ARIMA. Then the smoothed 

data is used for developing artificial neural network model by dividing the data set  

into training set consisting of 110 years (1871 - 1980) and testing set consisting of 34 

years (1981 - 2014). 

     In this research article, three predictors for the year Y are used to predict the 

Annual Rainfall in Tamilnadu in the year (Y + 1).  The three predictors are the 

Tamilnadu Rainfall amount in the Northeast Monsoon, Tamilnadu Rainfall amount in 

the Southwest Monsoon and the Annual Rainfall in Tamilnadu 

After the training, it has been tested with the test data set. Error correction 

learning rules in supervised learning uses the difference between the correct and actual 

output patterns to adjust connection weights with the aim of reducing this error.  

    The observed annual rainfall data was first fitted by ARIMA model of order        

(0, 0, 4). Also the predictors Northeast and Southwest monsoon rainfall series were 

fitted through the same model of order (4, 0, 4) and (1, 0, 1) respectively. Training was 

carried over using three predictors for the year Y to predict the annual rainfall in 

Tamilnadu in the year (Y + 1).  The three predictors are the fitted Northeast Monsoon 

Rainfall series, fitted Southwest Monsoon Rainfall series and the fitted annual Rainfall 

series in Tamilnadu. The various learning algorithms GDA, SCG and RBF were used 

for training the annual rainfall in Tamilnadu. The architecture of these algorithms was 

given in figure 3. The various parameters used for training the rainfall series is given in 

the table 1.  The error measure, MAPE values were tabulated in the table 2. 
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                              Fig.3: Architecture of ARIMA-ANN model using GDA, SCG and RBF  
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Table 1:  Various Parameters used for ANN training 

 

 

 

 

 

 

 

 

 

 

 
 

 

   

 

 

 

 

 

 

 

 

 

Table 2: MAPE values of various models 

 

 

 

 

 

 

 

 

6       Conclusion 
 

Artificial Neural Networks do not have any stationarity constraint on the time series to 

be learned and predicted. It has highly flexible nonlinear regressive structure to fit the 

target pattern space.   Traditional statistical time series forecasting methods, including 

moving average, exponential smoothing, and Auto-Regressive Moving Average, all 

assume stationarity and linearity of the time series. In this research article, a 

comparison between  the  traditional  statistical  nonlinear  model  and  the algorithms of 

Artificial Neural Network were made.   Through the error measure, it is concluded that 

the Hybrid based ANN performs better than the Statistical non-linear model. For some 

real world problems, Artificial Neural Network will never replace the existing 

conventional techniques but because of the fast growing applications it can be an 

alternative to those existing techniques. From the error measure, MAPE it can be 

concluded that ARIMA-ANN model was optimal based on the model performance and 

the complexity of modeling.  

 

 

 

 

 

 

 

 

 

Learning Algorithms GDA SCG RBF 

No. of Nodes in the Input Layer  3 3 3 

No. of Hidden Layers  1 1 1 

No. of Nodes in the Hidden Layer  2 2 3 

Activation Function in the Hidden Layer Sigmoid Sigmoid Softmax 

No. of Nodes in the Output Layer  1 1 1 

Activation Function in the Output 

Layer 
Sigmoid Sigmoid Identity 

Model               MAPE 

 

ARIMA – ANN 

GDA 2.2359 

SCG 2.1687 

RBF 2.0918 

Non Linear Model               5.0576 
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