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Abstract 
Neural networks and fuzzy logic have been used as effective modelling tools in different environmental 
processes such as waste water treatment, water treatment and air pollution. Water is a very basic necessity in 
every day’s and everyone’s life. Rain is considered as one of the precious nature’s gift. Chennai, one of the 
metro cities in India, highly rely on The Nature’s gift to replenish its water reservoirs as the rivers flowing 
through Chennai are polluted with sewage. Hence prediction of rainfall is very essential for Chennai city. In 
this research article, smoothing techniques Moving Average (MA), Exponential Smoothing (ES), classical 
statistical method AutoRegressive Integrated Moving Average (ARIMA) and the data mining technique K-
Nearest Neighbour (KNN) have been used for prediction. Hybrid models involving the above-mentioned 
methods have also been applied for the same purpose. The performance evaluation of the above-mentioned 
models is carried out using the error measure Mean Absolute Percentage Error (MAPE). Analysis show that 
the classical model ARIMA and the hybrid model ES-KNN have performed equally well. 
Keywords: forecasting, moving average, exponential smoothing, ARIMA, KNN, MAPE, environmental 
process 
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INTRODUCTION 
Rainfall is a stochastic process which depends on so 

many parameters and these properties make forecasting 
of rainfall a formidable challenge. Information about 
rainfall is really essential for the planning and 
management of water resources. Forecasting of rainfall 
is vital as it is very much important for flood warning. 
Rainfall mostly occurs during a season called Monsoon 
and major part of the annual rainfall occurs in this 
monsoon. As far as the Chennai city is concerned, it 
lacks perennial rivers and hence depends very much on 
the monsoons. Due to the population increase, the 
demand for the day-to-day requirement of water supply 
also has increased resulting in planning of water 
problems. As a result prediction of rainfall has become 
one of the most important task for the government 
officials to carry out and plan for the daily requirements 
of water supply to the city. 

Inderjeet Kaushik and Sabita Madhvi Singh made 
prediction of rainfall and temperature on monthly scale 
for five years by analyzing last twelve years data using 
seasonal ARIMA model in their research work. The 
results indicated that the model provides reliable and 

satisfactory prediction (Kaushik and Singh 2008). Lee et 
al., proposed a divide-and-conquer approach where the 
whole region is divided into four sub-areas and each is 
modeled with a different method. Predictions in two 
larger areas were made by Radial Basis Function (RBF) 
networks and the two smaller areas were made using a 
simple linear regression model based on the elevation 
information only. Comparison with the observed data 
revealed that RBF networks produced good predictions 
while the linear models poor predictions (Lee et al. 
1998). Mislana et al. (2015) applied an Artificial Neural 
Network (ANN) with the Backpropagation Neural 
Network (BPNN) algorithm. In this experiment, the 
rainfall data were tested using two hidden layers of 
BPNN architectures with three different epochs which 
were [2-50-10-1, epoch 500]; [2-50-20-1, with epochs 
1000 and 1500]. The Mean Square Error (MSE) is 
employed to measure the performance of the 
classification task. The experimental results showed that 
the architecture [2-50-20-1, epoch 1000] produced a 
good result with the value of MSE was 0.00096341. 
Furthermore, BPNN algorithm has provided a good 
model to predict rainfall in Tenggarong, East 
Kalimantan – Indonesia (Mislan et al. 2015). Mallika 
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and Nirmala predicted the Annual rainfall of Chennai 
city using K-Nearest Neighbour technique (Mallika 
and Nirmala 2016). Nirmala and Sundaram made the 
prediction of annual rainfall of Tamilnadu through 
Box-Jenkins ARIMA model, traditional statistical time 
series forecasting model and some of the learning 
algorithms of artificial neural networks. The results are 
compared using the error measure MAPE and have 
shown that Radial Basis Function learning algorithm 
gives better prediction when compared to the other 
models (Nirmala and Sundaram 2010). In another 
research article by them, traditional data pre-processing 
technique, moving average and the classical time series 
model, Box Jenkins ARIMA are coupled with Artificial 
Neural Network as MA-ANN and ARIMA-ANN 
models to improve the prediction of rainfall in 
Tamilnadu. The experimental results shows that the 
approach of combining the techniques provides a robust 
modeling framework and produces more accurate 
results when compared to the accuracy achieved by 
either of models applied separately (Nirmala and 
Sundaram 2010). Wichitarapongsakun et al. (Nov 2016) 
used three time series models Single Moving Average, 
Simple Exponential Smoothing and Double 
Exponential Smoothing for predicting rainfall. They 
have shown that the Simple Exponential Smoothing 
model produced the most accurate rainfall prediction 
followed by Double Exponential and Single Moving 
Average model (Wichitarapongsakun et al. Nov. 2016). 

STUDY AREA AND MATERIALS 
Chennai is located on the Coromandel Coast on the 

Northern end of the State of Tamilnadu. The city 
stretches along the Coromandel Coast much of its 
superb sandy beach and extends inland. Its irregular 
shape covers about 426 sq.km. As per 2011 census 
released by Directorate of Census Operations in Tamil 
Nadu, Chennai had a population of 4,646,732. The 
estimated present population of Chennai is 7.1 million. 
Two major rivers flow through Chennai, the Cooum 
River through the centre and the Adyar River to the 
south. It is bounded on the east by the Bay of Bengal 
and on the remaining three sides by Chengalpattu and 
Tiruvallur Districts. Chennai climate varies from 
humid to hot humid with 24°C mean temperature. 

Chennai is one of the metro cities in India mostly 
relying on ground water supply which is achievable and 
available mainly due to the rains to replenish its water 
reservoirs as rivers flowing through Chennai are 
polluted with sewage. Residents of Chennai always long 
for the Annual Monsoon rains North-East Monsoon 
(October-December) and South-West Monsoon (June-
September). Chennai is largely dependent on North-
East monsoon since 65% of rains are received in this 
season. The city also receives rainfall during January and 
February, but that is quite inadequate as the intensity is 
less. On an average Chennai receives 1276mm of 
rainfall. Chennai receives about 985 million litres per 
day from various sources as against the required 

 
Fig. 1. Chennai, Tamilnadu 
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quantity of 1200 million litres per day (mld) and the 
demand is expected to rise to 2100 mld by 2031.  

Since water is a much-needed requirement for 
Chennai city residents, this research work aims at 
finding a proposed model for predicting the annual 
rainfall of Chennai. For this purpose, a dataset 
containing monthly rainfall data of Chennai city from 
1901 to 2013 with 1356 observations is considered in 
this research article. The dataset is obtained from India 
Institute of Tropical Meteorology (IITM), Pune, India. 

METHODOLOGY 
Time Series is defined as a set of observations of a 

variable taken at equal intervals of time. Examples of 
time series include person’s heart rate, hourly readings 
of temperature, daily stock exchange index, weekly 
production of refrigerators, monthly rainfall data, yearly 
sales of a commodity to name a few. Time series analysis 
consists of methods so as to extract the characteristics of 
the given data. Forecasting of time series is to identify 
the model to predict future values based on previously 
observed values. In this research article, the forecasting 
models considered are: Moving Average, Exponential 
Smoothing, ARIMA, KNN and the hybrid of the above 
methods. 

Simple Moving Average 
In this method, for finding the value of the variable 

at a particular time period, the average of the most 
recent N observations was taken. Once the new value is 
available, the oldest observation is dropped and the new 
average is calculated based on the addition of new entry, 
hence the name moving average. When this method is 
applied, one has to decide on the number of terms to be 
used every time for taking average which is known as 
period of moving average. This method basically 
smoothens the given data. The forecast value using 
simple moving average is given by, 

 𝐹𝐹𝑡𝑡 =
𝐴𝐴𝑡𝑡−1 + 𝐴𝐴𝑡𝑡−2 + 𝐴𝐴𝑡𝑡−3+. . . . . +𝐴𝐴𝑡𝑡−𝑛𝑛

𝑛𝑛
 (1) 

where Ft =Forecast for the period ‘t’, n = Number of 
terms to be averaged and At-1, At-2, 

At-3 and so on are the actual occurrences in the past 
period, two periods ago, three periods ago and so on 
respectively. 

Exponential Smoothing 
In the case of simple moving average, the 

observations used for calculating the average were given 
equal weights. In this exponential smoothing method, 
exponentially decreasing weights were given as the 

observations get older. Here the single exponential 
smoothing is considered with one smoothing constant 
α where 0 ≤ α ≤ 1, for the recent observation. The 
formula for calculating the forecast for a period is given 
by: 

 𝐹𝐹𝑡𝑡+1 = 𝐹𝐹𝑡𝑡 + 𝛼𝛼(𝐴𝐴𝑡𝑡 − 𝐹𝐹𝑡𝑡) (2) 

which is the same as 

 𝐹𝐹𝑡𝑡+1 = 𝛼𝛼𝐴𝐴𝑡𝑡 + (1 − 𝛼𝛼)𝐹𝐹𝑡𝑡 (3) 

where Ft+1= Forecast for the period t+1, At denote the 
actual occurrence in the past period  

and Ft denote the forecast for the past period. Thus, 

 𝐹𝐹𝑡𝑡+1 = 𝛼𝛼𝐴𝐴𝑡𝑡 + (1 − 𝛼𝛼){𝛼𝛼𝐴𝐴𝑡𝑡−1
+ (1 − 𝛼𝛼)𝐹𝐹𝑡𝑡−1} (4) 

 = 𝛼𝛼𝐴𝐴𝑡𝑡 + 𝛼𝛼(1 − 𝛼𝛼)𝐴𝐴𝑡𝑡−1 + (1 − 𝛼𝛼)2𝐹𝐹𝑡𝑡−1 (5) 

Proceeding like this, we get 

 
𝐹𝐹𝑡𝑡+1 = 𝛼𝛼𝐴𝐴𝑡𝑡 + 𝛼𝛼(1 − 𝛼𝛼)𝐴𝐴𝑡𝑡−1+. . . .𝛼𝛼(1 − 𝛼𝛼)𝑁𝑁−1𝐴𝐴𝑡𝑡−(𝑁𝑁−1)

+ (1− 𝛼𝛼)𝑁𝑁𝐹𝐹𝑡𝑡−(𝑁𝑁−1) 
(6) 

The above equation shows that the weights decrease 
exponentially as the observations become distant and 
hence the name exponential smoothing. Theory shows 
that when a small value of α is chosen the initial forecast 
plays a more prominent role than when a larger α is 
used. Smoothing effect will be less when α value is 
closer to one and more when it is closer to zero. There 
is no rule for choosing the value of α. Based on trial and 
error method one can optimize α. 

ARIMA 
One of the most widely used time series forecasting 

methods in practice is the Box-Jenkins method. In fact, 
it is also one of the popular methods in traditional 
forecasting. Stationary models assume that the process 
remains in statistical equilibrium with the probabilistic 
properties that do not change over time, in particular 
varying about a fixed constant mean and with constant 
variance (Box et al. 1970). Lags of the Stationary Series 
in the forecasting equation are called “Autoregressive” 
(AR) terms. Lags within the Forecast Series are called 
“Moving Average” (MA) terms and the time series 
which turns non-stationary data into stationary data by 
applying the difference is called “Integrated” (I). In 
practice, many series exhibit non stationary behaviour 
which can be made into stationary by doing suitable 
differences by an order of integration parameter ‘d’ as 
proposed by Box and Jenkins. The first differences are 
given by the equation 

 (𝑧𝑧𝑡𝑡 − 𝑧𝑧  𝑡𝑡−1
 ) = (1 − 𝐵𝐵)𝑧𝑧𝑡𝑡 (7) 
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The second differences are given by the equation 

 (𝑧𝑧𝑡𝑡 − 2𝑧𝑧𝑡𝑡−1 + 𝑧𝑧𝑡𝑡−2) = (1 − 𝐵𝐵)2𝑧𝑧𝑡𝑡 (8) 

In general the dth differences can be written as 
(1 − 𝐵𝐵)𝑑𝑑𝑧𝑧𝑡𝑡. Thus a powerful model for describing 
stationary and non-stationary time series is 
AutoRegressive Integrated Moving Average Process 
(ARIMA) of order (p,d,q) where ‘p’ denotes the order 
of the autoregressive part, ‘d’ the order of differencing 
and ‘q’ denotes the order of the moving average process. 
Box-Jenkins models are also called ARIMA models. 
Thus, an ARIMA (p,d,q) model of the nonstationary 
behaviour is of the form 

 𝜙𝜙(𝐵𝐵)(1 − 𝐵𝐵)𝑑𝑑𝑧𝑧𝑡𝑡 = 𝜃𝜃(𝐵𝐵)𝑎𝑎𝑡𝑡 (9) 

where zt denote the observed value at time t, at denotes 
the noise, B is the backward shift operator defined by  

 𝐵𝐵𝑧𝑧𝑡𝑡 = 𝑧𝑧𝑡𝑡−1 (10) 

ϕ(𝐵𝐵), the autoregressive operator of order ‘p’ and 
θ(𝐵𝐵), the moving average operator of order ‘q’ are 
defined by 

 𝜙𝜙(𝐵𝐵) = 1 − 𝜙𝜙1𝐵𝐵 − 𝜙𝜙2𝐵𝐵2−. . . . .−𝜙𝜙𝑝𝑝𝐵𝐵𝑝𝑝 (11) 
 𝜃𝜃(𝐵𝐵) = 1 − 𝜃𝜃1𝐵𝐵 − 𝜃𝜃2𝐵𝐵2−. . . . . .−𝜃𝜃𝑞𝑞𝐵𝐵𝑞𝑞  (12) 

The procedure of ARIMA methodology is shown in 
the flowchart (Fig. 2). 

KNN 
Data mining is the process of extraction of non-

trivial, implicit, previously unknown patterns or 
knowledge from huge amount of data. One of the 
simplest non-parametric data mining technique is 
KNN in which the prediction is made based on the ‘k’ 
closest neighbours. This method is basically a classifier 
which is also used for regression. Any prior information 
about the data is not required for this method. It is an 
Instance-based learning method as it does not construct 
any model as such, but when a prediction is required it 
gives the value instantly based on the training set. Thus, 
in the case of classification this is what KNN does: 

From the training instances whose output belongs 
to either Class1 or Class2, a new entity or the query 
point whose output is to be classified gives the output as 
Class1 or Class2 according as k=1 or k=3 as shown in 
Fig. 3. 

The ‘k’ closest neighbours are found using the 
distance metric. Some of the distance measures are 
Euclidean squared, City block or Manhattan distance, 
Chebyshev, Hamming distance etc. Choice of ‘k’ is very 

 
Fig. 2. Flowchart for ARIMA Methodology 
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important. It should be neither too large nor too small. 
As a thumb rule ‘k’ is taken as √𝑛𝑛 where n is the number 
of observations. For the prediction, the output of the 
unknown value of the variable is calculated using some 
formula involving all the closest neighbours. It could be 
average, weighted average etc. 

Thus, when the training examples (xi,yi) where xi is 
the input and yi is the corresponding output is given , 
the algorithm for KNN either for classification or for 
regression is given as follows: 

 Compute the distance D(x, xi) with every 
training example xi. 

 Select ‘k’ closest values of x and their 
corresponding output y’s based on the ‘k’ nearest 
distances. 

 Classify the required output as the one which is 
the majority among the k nearest y values, in the 
case of classification. 

 Calculate the required output for the input x 
using some appropriate formula based on the k 
nearest y values, in the case of regression. 

RESULTS AND DISCUSSION 
A time series is defined as a collection of 

observations taken sequentially in time. The first and 
the foremost step of time series analysis is the time 
series plot. In a time series plot, the variable under 
consideration is plotted against time. The plot will help 
one to know the behaviour of the data over the time. 
The time series plot for the Annual rainfall of Chennai 
city for the period 1901-2013 is shown in Fig. 4. 

One can obtain the accuracy of a forecasting model 
using an error measure. Error measure used in this 
research article is Mean Absolute Percentage Error 
(MAPE). Formula for calculating MAPE is: 

 𝑀𝑀𝐴𝐴𝑀𝑀𝑀𝑀 =
1
𝑛𝑛
��

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴 − 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐴𝐴𝑎𝑎𝐹𝐹𝐴𝐴
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴

� ∗ 100 (13) 

In this research work, the following forecasting 
models are discussed: 

 
 

Fig. 3. KNN for classification 

 
Fig. 4. Time series plot of Chennai Annual Rainfall 
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(A) KNN 

(B) ARIMA 

(C) The hybrid model MA-KNN 

(D) The hybrid model ES –KNN 

(E) The hybrid model ARIMA-KNN 

KNN Model 
In the case of this model first 100 observations were 

considered as initialisation set and the remaining 13 
years were taken as test set by taking the previous year 
NEM as input. ‘k’ was varied from 2 to 10 and for each 
‘k’, KNN was applied. It was found that the value for k 
= 3 gave a better MAPE value and so that value was 
maintained for all the hybrid models also throughout 
this research article. The distance metric is chosen as 
City block distance.  

Value of the unknown of the variable is predicted 
using a kind of weighted average known as Inverse 
Distance Weighting (IDW) wherein each of the ‘k’ 
nearest neighbour is given a weight equal to the inverse 
of its distance from the point for which the outcome has 
to be determined. 

i.e, 

 𝑊𝑊[𝑥𝑥, 𝑥𝑥𝑖𝑖] =
1

𝐷𝐷(𝑥𝑥, 𝑥𝑥𝑖𝑖)
 (14) 

MAPE value for the above model was calculated. 
The graph of the actual and the predicted values was 
shown in Fig. 5. 

ARIMA Model 
For applying Arima model, the normality of 

Chennai rainfall data is checked using Anderson-

Darling test. It was found that the p value is 0.007 which 
is less than 0.05. Hence the original data is non-normal. 
As a result, a transformation by taking natural log of the 
original data was performed and it was found that the p 
value is greater than 0.05 using Anderson-Darling test. 
So, all the models discussed in this research article were 
applied for the transformed data. The normality plots 
for the original data and the transformed data are given 
in Fig. 6 and 7. 

 
Fig. 5. Graph of Actual and Predicted values using KNN 

Annual Rainfall

Forecast by KNN



 
 
 An Environmental Study on Forecasting Rainfall Using Data Mining Technique and ARIMA Model … 
 

 
Ekoloji 27(106): 1133-1141 (2018)  1139 
 

The autocorrelation function (ACF) and the partial 
autocorrelation function (PACF) helps us to find 
whether a series is stationary or non-stationary. The 
ACF plot shows how the values of the time series are 
correlated with the past values whereas the partial 
autocorrelation is the autocorrelation between yt and 
yt+k after removing the dependence on y1,y2….yk-1.The 
ACF and PACF plots for the transformed data are 
shown in Fig. 8 and 9. 

Since both ACF and PACF tails off gradually, the 
series is stationary and hence differencing is not 
required which implies that d=0. Different tentative 
ARIMA models based on ACF and PACF plots were 

identified and the MAPE values of those models were 
calculated. Among those models ARIMA (4,0,3) gives 
better value on the basis of the error measure MAPE. 
The error measure values of all the tentative models are 
tabulated in Table 1. The graph of the actual and 
predicted values of this ARIMA model is depicted in 
Fig. 10. 

MA-KNN 
Moving averages of annual rainfall of Chennai were 

calculated for the periods 2 to 10. MAPE values for each 
case was determined and it was found that the moving 
average for the period 7 gave the least value. Therefore, 
the hybrid of this Moving Average with KNN is 
considered and the prediction is done. The graph of the 
actual and the predicted values of annual rainfall is 
shown in Fig. 11. The results of the MAPE value are 
tabulated in Table 2. 

ES-KNN 
For different values of α ranging from 0.1 to 0.9, 

single exponential smoothing was applied for the annual 
rainfall. It was found that MAPE value corresponding to 
α=0.1 gave the least value. Hence the hybrid model of 
Exponential smoothing along with KNN is considered. 
The graph of the actual and the predicted values of 
rainfall is shown in Fig. 12. The results of the MAPE 
value are tabulated in Table 2. 

ARIMA-KNN 
The best model among the various ARIMA models 

turned out as ARIMA (4,0,3) as discussed above. Hence 
a hybrid of this with KNN is considered for prediction 
and the graph of actual and the predicted values of 

 
Fig. 6. Normality plot for Chennai Annual Rainfall 

 

 
Fig. 7. Normality plot for transformed rainfall data 

 
Fig. 8. ACF plot for the transformed rainfall data 

 

 
Fig. 9. PACF plot for the transformed rainfall data 

Table 1. MAPE for the different Arima models  
MODEL MAPE 

ARIMA(3,0,3) 3.067972 
ARIMA (4,0,4) 3.440975 
ARIMA (3,0,4) 3.48586 
ARIMA (4,0,3) 3.050688 
ARIMA (3,0,0) 3.155462 
ARIMA (0,0,3) 3.160319 
ARIMA (4,0,0) 3.209682 
ARIMA (0,0,4) 3.252259 

 

 
Fig. 10. Graph of Actual and Predicted values using 
ARIMA 

250020001 5001 0005000

99.9

99

95
90

80
70
60
50
40
30
20

1 0
5

1

0.1

Mean 1 1 87
StDev 300.9
N 1 1 3
AD 1 .086
P-Value 0.007

Annual

P
er

ce
n

t
Probability Plot of Annual

Normal 

8.07.57.06.5

99.9

99

95
90

80
70
60
50
40
30
20

1 0
5

1

0.1

Mean 7.049
StDev 0.2437
N 1 1 3
AD 0.298
P-Value 0.582

Natural log of Annual

P
er

ce
n

t

Probability Plot of Natural log of Annual
Normal 

28262422201 81 61 41 21 08642

1 .0

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

-0.8

-1 .0

Lag

A
u

to
co

rr
el

at
io

n
Autocorrelation Function for Natural log of Annual

(with 5% significance limits for the autocorrelations)

28262422201 81 61 41 21 08642

1 .0

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

-0.8

-1 .0

Lag

P
ar

ti
al

 A
u

to
co

rr
el

at
io

n

Partial Autocorrelation Function for Natural log of Annual
(with 5% significance limits for the partial autocorrelations)



 
 
Mallika and Nirmala 
 

 
1140  Ekoloji 27(106): 1133-1141 (2018) 
 

rainfall are shown in Fig. 13. The results of the MAPE 
value are tabulated in Table 2. 

Analysis show that the classical statistical model 
ARIMA and the hybrid model ES-KNN performed 
equally well. The MAPE values of all the above-
mentioned models were shown in Table 2. 

 
Fig. 11. Graph of Actual and Predicted values using MA-KNN 

 
Fig. 12. Graph of Actual and Predicted values using ES -KNN 

 
Fig. 13. Graph of Actual and Predicted values using ARIMA-KNN 

Table 2. MAPE for the different models 
MODEL MAPE 

KNN 3.831108 
ARIMA 3.050688 

MA-KNN 3.143354 
ES-KNN 3.051548 

ARIMA-KNN 3.129029 
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CONCLUSION 
Artificial neural networks were applied on datasets 

collected from various sources, such as the geophysical 
science domain, environmental related research, 
microwave radar, satellite, weather station information, 
etc. Characteristics and the amount of rainfall cannot be 
easily calculated until it really happens. As rainfall plays 
a very crucial role in the management and evaluation of 
drought and flood conditions, it remains to be 
important to predict rainfall, especially for the residents 

of Chennai. Forecast plays a prominent role in the 
management of water supply catering to the daily needs 
of the people residing there. In this research article, 
individual models in the form of statistical models and 
computational models were applied. Also, an attempt 
has been made to consider the hybrid of statistical and 
computational model. Based on the results and 
discussions from this research article, it can be 
concluded that the hybrid model ES-KNN and the 
classical model ARIMA performed equally well. 
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