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ARTICLE INFO ABSTRACT

Rainfall prediction for the state of Tamil Nadu using Hybrid Auto Regressive Integrated
Moving Average and Artificial Neural Network technique is presented here. The data
records extend for a period 1950 to 2012. Two prediction approaches one linear (ARIMA)
and the other non linear (ANN) were used which stimulated a Mean square Error (MSE) of
0.143. The rainfall forecast with ARIMA, ANN and the Hybrid model were compared on
the basis of the error values.It can be inferred from the prediction results that the Hybrid
model outnumbered the individual forecasting models.

INTRODUCTION
The hydrological cycle forms the vital back bone for the economy
of the county. The hydrological cycle is dependent on the
precipitation pattern of the state. Off the different types of
precipitation the monsoonal rains are more prominent. Hence it is
important to understand the formation of the monsoon rains.
Tamil Nadu (TN) is the southern-most state falling in the east
coast of India, situated between 8°5′ − 13°35′ lat and76°15′ − 80°20′ long. Figure 1 shows the sample location map
of the study area. In Tamil Nadu the most predominant monsoon
is the northeast monsoon. This monsoon sweeps from the plateaus
of Asia and the Himalayas. It brings cool weather to the state
between October and December. The Arabian Sea and the Bay of
Bengal are the two oceanic moistures sources that feeds to the
northeast monsoon (Das, P. K ,1995, Rao, Y. P,1976). The
forecasting of the monsoon rainfall can be of two types. One is
the traditional mathematical models as parametric linear
regression, ARMA, Kalman Filter, exponential smoothing etc.
The other method of forecasting is the designing model which
does not require the clear physical meaning of the problem under
study. It is enough that they fit in the underlying relations of the
investigated problems closely. These models include the Artificial
neural network, non-parametric regression methods,
ARIMA/SARIMA/ARFIMA, Spectral analysis etc. With the
present global climate change scenario, it becomes vital to device
models that improves the prediction efficiency and reduces the
forecast errors.  The most popular linear forecasting method is the
ARIMA method. It is also called Box-Jenkins method. The
ARIMA model is quite flexible in modeling a wide range of time
series pattern. The major drawback is the presumed linear form of
the model. The time series is stationarised and made linear before
analysis. The nonlinear pattern of the time series is not considered
in the ARIMA model. The real world problems are all not linear,

thus approximating a time series with a linear model will not yield
a satisfactory result. The non linear approach to the real world
problems may be more promising. The Artificial Neural Network
model is one of the more appropriate methods for modeling a non
linear time series data (Zhang,et al., 1998).

In the present paper we have employed both the linear ARIMA
method and the nonlinear ANN method to forecast Tamil Nadu
rainfall.  ARIMA and ANN have many contacting features. First
ARIMA is a linear model and ANN is a nonlinear model. Second
ARIMA is parametric in nature and ANN is non-parametric in
nature. In using ARIMA the general form of the problem is
known. In ANN no such knowledge of the problem is required.
The ARIMA models are developed using statistical theory and
statistical methods are used for model adequacy testing. But there
are no prescribed techniques for ANN model development. ANNs
are often treated as black boxes. Finally ARIMA is simple to
understand and implement. Often designing of an ANN model is
complex.  Many researchers have established the results of the
hybridized models (Kumar,etal.,2007)The intension in combining
two such different models is that in forecasting precipitation or
any other real world time series problem, one cannot decide
whether the time series was generated from a linear process or
nonlinear process. Also a time series is neither purely linear nor
purely nonlinear. Thus ARIMA or ANN models individually
cannot give a satisfactory result. If we combine the ARIMA and
ANN model, the complex autocorrelation structures in the data
can be modeled more accurately. Also as per the forecasting
literature no single method is adequate to develop any forecasting
model.  The advantage of using different methods in forecasting
models are that the different structural patterns in the time series
data can be analyzed and studied accurately.  The novelty in this
paper is that we have applied this hybrid model to analyze the
Tamil Nadu rainfall forecasting. Though various studies have
been published on Tamil Nadu rainfall forecast, the results were
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all not satisfactory. Tamil Nadu rainfall (North East monsoon) is
considered more chaotic in nature. Using the Hybrid model we
have achieved a more reliable result with less forecast error. Thus
the chaotic nature of the Tamil Nadu rainfall can be studied to a
good approximation using the Hybrid model.

A dataset containing 38 years (1950-2012) monthly rainfall totals
of Tamil Nadu was obtained from Indian Institute of Tropical
Meteorology (IITM) Pune.  A total of 756 observations were
used.

Time Series Modeling Using Linear Arima Model

A stationary stochastic process is the one that does not change
over time and has a long historic rainfall record that would
describe a rainfall  population. A statistical rainfall model may be
fitted to the historic data.  This statistical model can then generate
synthetic sequences that reproduce selected characteristics of the
historic data. The ARIMA model is an extension of the ARMA
model in the sense that by including auto-regression and moving
average it has an extra function for differencing the time series. If
a dataset exhibits long-term variations such as trends, seasonality
and cyclic components, differencing a dataset in ARIMA allows
the model to deal with them. A large amount of literature can be
sited for the procedure of the ARIMA.

In this paper a brief procedure of the Box and Jenkins method is
discussed (Box and Jenkins, 1970). The use of ARIMA process
and differencing are the basis for this method (Gurjaratiet al.,
2007)
The procedure for the Box-Jenkins method involves three steps .

 Identification of the model structure
 Parameter estimation.
 Model testing and validity.

The general form of the seasonal ARIMA model is given.
The seasonal ARIMA(p,q,d)(P,Q,D)( ) ( )∇ ∇ y = Θ (B )θ (B)ε
Where ( ) = 1 − −⋯− ( ),

Θ (B) = 1 − θ (B) − ⋯ θ (B )( ) = 1 − ( ) − ⋯− ( )
Θ (B ) = 1 − Θ (B ) − ⋯− Θ (B )

ε denotes the error term, φ’s and Φ’s are the non  seasonal and the
seasonal autoregressive parameters and ɵ’s and θ’s are the non
seasonal and the seasonal moving average parameters. The error
atis assumed to be independent  and identically distributed with
zero mean  and a constant variance. In general a number of
ARIMA models for a time series are possible.  One may use the
Maximum likelihood rule or the Mean Square Error method to
identify the best ARIMA model.  A forecast equation is formed
and the residue series from the model is used to test its validation.
The residue series must have a zero mean with no periodicities
and it should be uncorrelated.  The significance of the residual
mean, significance of periodicities and the white noise test are the
possible model validation tests for the ARIMA. At the forecasting
stage, the estimated parameters are tested for their validity using
error statistics such as coefficient of determination (R2) mean
square error (MSE), and criteria.

Time Series Modeling Using Artificial Neural Network (Ann)

An artificial neural network is a computing method that works on
the principle of structure of brains and nerve systems. A typical
network consists of inter-connected set of processing units called
neurons. In the present paper we have used the feed-forward back
propagation technique to predict the rainfall of Tamil Nadu. This
approach is faster in comparison to its conventional counterparts,
robust in noisy environments, flexible in terms of solving different
problems, and highly adaptive to newer environments [Jain et al.,
1999].  The ANN technology started with perception model
[Rosenblatt, 1962], latter the resurgence of the present day ANN
technology is credited to Rumelhartet al., [1986] and McClelland
et al.,[1986]. A large variety of ANN algorithm has been
developed ever since, [Marenet al.,(1990); Maren (1991) and
Pham (1994) ]. ANN currently finds a wide variety of applications
in the fields of computer science, engineering and physical
sciences. Figure 2 gives the basic structure of the ANN network.
The basic structure of a network usually consists of three layers:
the input layer, where the data are introduced to the network; the
hidden layer, where data are processed; and the output layer,
where the results for given inputs are produced. The propagation
of errors or Back propagation is the most commonly used
supervised training algorithm (Tokar and Johnson, 1999). The
error between the target and the computed form is minimized by
adjusting the network weights in the Back propagation algorithm.
Latter an activation function is used to derive the output of the
network. Thus the architecture of ANN consists of a number of
hidden layers, number of neurons, weights between neurons, a
transfer function and learning laws.

Figure 1 Sample location map of Tamil Nadu

Figure 2 Structure of ANN network

Table 1 ANN model and their MSE values for Original
time series data and hybrid input data

MODEL
MSE

Original Time series input Hybrid Input
2,2,1 0.613 0.143
8,2,1 0.592 0.533

10,2,1 0.701 0.553
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In back propagation networks, the information about the error is
provided backwards from the output layer to the input layer. The
objective of a back propagation network is to find the weight that
approximate target values of output with a selected level of
accuracy.

The Hybrid Arima–Ann Model

In the present paper we have used a simple yet effective hybrid
model proposed by Zhang( 20).A time series to be composed of a
linear autocorrelation structure and a non linear component ,that
is, = +
where Lt denotes the linear component and Nt denotes the
nonlinear component. These two components have to be
estimated from the data. First, we let ARIMA to model the linear
component, and then the residuals from the linear model will
contain only the nonlinear relationship. Let etdenote the residual at
time t from the linear model, then= −
Where is the forecast value for time t from the estimated
ARIMA relationship .By modeling residualsusing ANNs,
nonlinear relationships can be discovered. With n input nodes, the
ANN model for the residuals will be:= ( ,… , ) +
Where f is a nonlinear function determined by the neural network
and et is the random error. The forecast from the above equation is
denoted as , the combined forecast will be= +
The hybrid model exploits the unique feature and strength of
ARIMA model as well as ANN modelin determining different
patterns. Thus, it could be advantageous to model linear and
nonlinearpatterns separately by using different models and then
combine the forecasts to improve the overallmodeling and
forecasting performance.

Forecasting Using Hybrid Model

The novelty of the present paper lies in the usage of the Hybrid
model to forecast the Tamil Nadu rainfall, which has not yet been
attempted. The first step in performing the Hybrid model is to use
the seasonal ARIMA method to model the linear part of the time

series. ARIMA can give best performance with regards to the
linear part of the time series. It fails when the non linear part
comes in. In the second step the ARIMA forecast value errors of
the time series data are used as inputs to the ANN. Finally in the
last stage the neural network is used to predict the future values of
the time series in steps of one step ahead. Tamil Nadu rainfall
time series was subjected to the ARIMA model using the IBM
SPSS version 20. We modeled time series with seasonal ARIMA
model, and determined the best model based on Akaike’s
information criterion as ARIMA (0,1,1)(0,0,1) 12 model. After
fitting the appropriate ARIMA model, the goodness of fit can be
examined by plotting the ACF of residuals of the fitted model. If
most of the autocorrelation coefficients of the residuals are within
the confidence intervals then the model is a good fit.

Since the coefficients of the residual plots of ACF and PACF are
lying within the confidence limits, the fit is a good fit. Figure 3
represents the Goodness of fit for the ARIMA model. For the
ANN we have used 756 data set out of which 700 data was used
to train the network with Feed forward Back propagation
algorithm.  And the remaining 56 data were used to test the
network.  For running the ANN network we used MATLAB
version 2010. The residual errors from ARIMA model was then
used as input into artificial neural network. The optimal number of
number of neurons in hidden layer was identified using the
computer simulations and based on comparison of performance
on validation data.

The best neural network topology was identified as 2, 1, 1
topology, that is neural network with 2neurons in the input layer,
1 neurons in the hidden layer and 1 neuron in the output layer.
The mean square error (MSE) for this network was 0.143.Table 1
shows the MSE for the original time series and the Hybrid time

Table 2 Performance evaluation of the ARIMA and
Hybrid model

Model
Performance  Statistics

RMSE MAPE MAD CE
ARIMA (011)(001) 2.059 1.850 4.467 0.8971

HYBRID
(ARIMA – ANN)

1.388 1.790 3.711 0.9316

Figure 3 Time series data used for the Prediction
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series. The neural network was trained using the Feed forward
back-propagation algorithm using the Levenberg Marquardt
optimization for updating weights and biases values, with tan-
sigmoid transfer function in hidden layers and purelin transfer
function in the output layer.

Performance Evaluation of the Forecast Models

There are extensive literatures on the model forecasting evaluation
techniques (Nash, and Sutcliffe, 1970, Kneale, and Smith, 2001).
The World Meteorological organization [WMO, 1975] has
proposed a numerical computation and graphical representation to
evaluate the developed models. The numerical computation
involves RMSE,MAPE and MAD.  Apart from this, coefficient of
efficiency CE was also calculated. The formula for each of the
above error measures are given below.

= 1 ( − )
= − . 100
= 1 −

= 1 − ∑ −∑ ( − )
The results in Table 2 shows that hybrid model outperforms the
ARIMA  and ANN model individually. Figure 3 represents the
Time series data used for prediction.  Figure 4shows the forecast
results for ARIMA, and ARIMA-ANN model, with real values of
the detrendedtime series, andresiduals of the models are shown in
Figure 5.

CONCLUSION
In the present paper we have given a comparison between the
traditional ARIMA and the Hybrid ARIMA-ANN model. The
results show that the hybrid model excels over the regular
ARIMA model. These evaluations were carried out for the
detrended Time series data of Tamil Nadu rainfall. The advantage
of the Hybrid model is that it uses the linear character of the
ARIMA model and the Non linear character of the ANN to model
the time series. Thus the Hybrid model improves the forecast of
the Tamil Nadu rainfall.
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