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Weather prognosis has become a very important in terms of global economy of the country, 

agriculture and industries. The accurate prediction of precipitation can sense the heavy 

rainfall and can provide warnings and information regarding the disasters that could happen 

in future. Various techniques were proposed and implemented to forecast precipitation, but 

did not attain much accuracy due to changing weather conditions. In this research work we 

have tried to implemented Naive Bayes algorithm to build rainfall forecast model which will 

forecast the precipitation with significant accuracy. Historical weather data set of Srinagar, 

J&K, India, is gathered from November 2015 to November 2016 from 

http:///www.wundergrounds.com website. From nine (9) available set of attributes; 

Temperature, Humidity, sea level pressure, wind speed and Events attributes are considered 

for this work to achieve better results. Experimental outcomes of various performance 

measures illustrate that Naive Bayes approach to forecast precipitation has appreciable 

accurateness and credibility. 
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1. Introduction 

Weather forecast remained the most exhilarating and 

challenging job for the scientists, meteorologists and 

government agencies since ages. In this era of information 

processing and sharing, weather prognosis has become the 

most challenging and important thing which helps us to 

forecast the atmosphere of a location [22]. Prognosis of 

weather accurately helps people to be ready for any natural 

disasters that could happen in future. Forecasting weather 

precisely requires knowledge in multiple domains and also 

involves computing complex mathematical formulas. With the 

rapid advancement in computer science and technology, 

scientists have enabled to forecast the weather more 

accurately. Precise forecast of weather parameters is a 

complex task due to the dynamic nature of climate. Weather 

forecasting is the process of collecting data on atmospheric 

conditions, which records the temperature, humidity, rainfall, 

wind speed and its direction using high speed computers, wired 

and wireless sensors, satellites and weather radars [1]. With 

the progression in information technology complex 

mathematical and statistical models has enabled us to attain 

better weather forecasting. The precise prediction of 

precipitation is the major issue in Indian Summer Monsoon 

Rainfall (ISMR) and it seeks to be mostly preferred. It is a big 

issue in the growing economy. Different methods, such as 

statistical, empirically, and numerical modeling are adapted for 

predicting the rainfall most accurately. However, soft computing 

does not yield much over the forecast mechanisms [27]. From 

the past few decades, data mining techniques are most widely 

used for weather prediction and have shown a remarkable level 

of accuracy and applicability in prediction [24] [25] [26] [28]. A 

number of weather prediction models are proposed by 

researchers to improve accuracy of the models. Various 

weather research and forecasting models (WRF), numerical 

weather prediction models (NWP), and automatic weather 

stations (AWS) are developed and implemented to forecast 

weather more accurately [5]. The prediction of precipitation is 

most complex due to its complex physical properties and 

changing parameters, which results in precipitation. It seems to 

be a too noisy and disorganized natural phenomenon [23]. 

Huge quantity of weather data set is available in metrological 

centers that contain large volume of weather data which is 

used for the weather prediction [2] [3] [4]. Data mining is the 

study of how to determine underlying patterns in the data to 

help make optimal decisions on computers when the database 

involved is voluminous, hard to characterize accurately, and 

constantly changing [23] . It deploys techniques based on 

machine learning, alongside the conventional methods. These 

techniques can produce decision or prediction models, based 

on the large volumes of actual historical data. Thus, they 

represent true evidence-based decision support [6]. Various 

classification machine learning algorithms are implemented to 

forecast the weather conditions. Naive Bayes Networks, 

Support Vector Machines (SVM), Decision Trees, Artificial 

Neural Networks (ANN), Fuzzy Logic, Genetic Algorithms are 

some of the frequently used data mining techniques that are 

predominantly implemented for weather prognosis.. 

In this work, we have used classification technique in 

which the information from the predictors or independent 

variables is used to categorize the data samples into two or 

more distinct classes. Based on various atmospheric variables, 

we have implemented Naïve Bayes approach to build rainfall 

prediction model which will predict the rainfall with appreciable 

accuracy. Naive Bayes algorithm has been implemented to 

predict the Rainfall to class label YES or NO. The performance 

of the developed rainfall prediction model is done by using 

various performance measures like Recall, precision, accuracy, 

ROC etc. The prognosis of accurate weather conditions 

particularly forecasting rainfall is very vital, as rainfall is directly 
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linked to extreme weather conditions like crop production, 

aviation, thunderstorms, hurricanes, flash floods and droughts. 

Thus, predicting accurate and in-time rainfall is quite a big 

challenge and requirement for an agricultural country like India 

to have sustainable growth and development. 

 

2. Related Work  

In [23], Razeef et al, proposed SALM-NARX rainfall 

prediction model by training the Self Adaptive Levenberg-

Marquardt (Self Adaptive LM) algorithm that selects the weight 

optimally. Furthermore, LM algorithm is modified with learning 

rate to make it more accurate for predicting rainfall. The rainfall 

data obtained from the regions of Jammu and Kashmir and 

India is collected, for which the proposed SALM-NARX 

performs the rainfall prediction. The effectiveness of the 

proposed SALM-NARX is checked with MSE and PRD values 

and is evaluated to be the best when compared to other 

existing techniques with least MSE value as 0.008 and PRD 

value as 1.721%. 

In [11], Sharma et al, developed a rainfall prediction model 

based on Bayesian network. For this research, the authors 

collected the monthly weather data of 20 years from 1981 to 

2000 of 21 stations in Assam, India. K2 algorithm is 

implemented on the weather data set and conditional 

probability is found using maximum likelihood approximations. 

Five different atmospheric parameters viz. Temperature, Cloud 

cover, Relative humidity, Wind speed and Southern Oscillation 

Index (SOI) are used. Experimental results showed that 

temperature is most efficient and wind speed least one. 

Southern Oscillation Index is also found important in improving 

the results. Some station got efficiency above 95% whereas 

other station got satisfactory results. 

In [8], Mehmet Tektaş, implemented Adaptive Network 

Based Fuzzy Inference System (ANFIS) and Auto Regressive 

Moving Average (ARIMA) models fro weather prognosis. Nine 

years weather data of Göztepe, İstanbul, Turkey from 2000-

2008 is used for this work which showed that ANFIS has 

superior prognostic potential than ARIMA.  

In [7], Liu et al, proposed an improved Naïve Bayes 

classifier (INCB) model for rainfall prognosis by using genetic 

algorithms (GAs) for feature selection. Weather data of Hong 

Kong is used for comparisons of genetic algorithms, C4.5, and 

INBC with relative frequency or initial probability density. The 

outcome od experiments showed that the performance of the 

proposed INBC model is much superior other methods with 

90% accuracy rate on the rain/no-rain (Rain) classification 

problems. The experimental results also revealed that INBC 

has reasonable predictive capability to predict rainfall range 

levels with 65% to 70% accuracy rate.  

In [10], KavithaRani et al, proposed a novel rainfall 

prediction model using hybrid classifier implementing artificial 

bee colony algorithm is collaboration with the genetic algorithm 

for training performance and predictive capability than Artificial 

Bee Colony with Neural Network.  

In [9], Santhanam et al, proposed Neural network based 

model for weather prediction. Authors implemented and 

compared the performances of propagation neural network 

(BPN) and radical basis functioned neural network (RBF). 

Whole weather data of ten years is collected from 

meteorological department, Kanyakumari, Tamil Nadu, India. 

The experimental results showed that radical basis functioned 

neural network (RBF) has improved accuracy and is faster and 

more reliable for weather forecasting. The prognostic accuracy 

of RBF was 88.49% which makes it more useful for fast real 

time weather forecasting.  

 

3. Data Collection and preprocessing 

Preparing the data set which will be consumed for the data 

mining task to yield better results is the most time-consuming 

part of the data mining process. Very rarely data are available 

in the form required by the data mining algorithms [13]. Poor 

data quality and selection is the main challenge in weather 

forecast. For this reason we pre-processed data carefully to 

obtain accurate and correct prediction results. Weather data of 

Srinagar, India from November 2015 to November 2016 is 

collected for this work from http:///www.wundergrounds.com 

website to develop a prediction model that predicts rainfall 

based on historical weather data [12]. The obtained raw 

weather data consists of nine measured attributes which are 

date, temperature , Dew point , Humidity, sea level pressure, 

visibility, wind speed, precipitation, Events. Out of these 9 

attributes we have used the temperature, Humidity, sea level 

pressure, wind speed and Events attributes as shown in table 

1. In order to achieve better prediction and accuracy, we have 

ignored less relevant attributes in the data set. In this phase of 

data mining, unwanted data or noise is removed from the 

collected data set. Missing values in the data set is another 

major issue which can produce poor results and prediction. 

Various techniques are available which are used to fill the 

missing values. In this work we have implemented mean and 

modes methods based on existing data. Adding the missing 

values provides a more complete dataset for the classifiers to 

be trained on [14].  

 

Table 1 

Table 1: Weather data description 

Attribute Type Description 

Temperature Numerical Temp is in deg. C 

Humidity Numerical Humidity in Percentage 

Sea Level Pressure Numerical Sea Level Pressure in hpa 

Windy Speed Numerical Wind Speed in Kmph 

Events Numerical Rainfall in mm 

 

The obtained weather data set contains numerical attribute 

values; however our proposed model requires categorical 

values, so we implemented equal width binning method 

(discretization) for converting the numerical attribute variables 

into categorical counterparts. The data is divided „K‟ intervals of 

equal size. The width (w) of the interval is given by: 

max minvalue value
w

k




 
and interval boundaries are:   

min ,min 2 ,...min ( 1)value w value w value k w   

 

4. Proposed Rainfall Prediction Model 

A model is the abstract representation of the data and its 

relationships in a given data set [26]. Data mining models can 

be classified into the following categories: Classification, 

Regression, Neural Network, Association Analysis, Clustering, 

http://www.wundergrounds.com
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And Outlier or Anomaly Detection. Each category has many 

different algorithms; each takes a slightly diverse approach to 

solve the problem [13]. Classification and Regression 

approaches are predictive techniques because they predict an 

outcome variable based on one or more input variables. 

Prognostic algorithms need a known prior data set to “learn” 

the model [13]. The percentage of correctly classified instances 

by the classifier (model) known as classification accuracy gives 

us the performance measure of the classifier (model). In this 

work we will build a classifier (model) that will predict the 

rainfall for future event will appreciable accuracy.  

 

Figure 1 

Steps of building Prediction Model. 

 
(a) 

 

 
(b) 

 

4.1 Steps for Building Classifier (Model) 

1) To develop classifier (model), pre-processed and 

cleaned data set is used with all chosen attributes, 

including the target class attribute (Event). This data 

set is called training data set which is used to create a 

model. Another data set known as the test data set or 

validation set is needed to check the validity and 

accuracy of the developed model. The overall data set 

is divided into training data set and a test data set or 

test data set is applied externally and is not 

necessarily the part of training data set. A standard 

thumb rule is that two-thirds of the data becomes 

training and one-third to go to the test data set. 

2) A classification algorithm is applied to training data set 

with known class labels which produces a classifier 

(model). 

3) To check the validity of the model, a test data set or a 

validation data set which is already known is applied 

to the classifier (model).  

4) The developed model can predict the target class 

attribute as well.  

 

5. Methodology 

In this work, we will use a simple Naive-Bayes 

classification method to model the data set and generalize the 

relationship between the selected attributes and the target 

attribute (Event). We will use the prepared weather data set to 

create the prediction model using Naive-Bayes algorithm which 

will be then used to predict precipitation. We will also calculate 

the accuracy of the developed rainfall prediction model by 

using various accuracy measures. 

 

5.1 Naive Bayes Classifier 

Naive Bayes classifier is probabilistic classifier based on 

Bayes‟ theorem with an assumption of independence among 

the predictors, in other words knowing the value of one 

attribute does not tell us anything about the other attribute. The 

Naive Bayesian classifier was first described in [15] in 1973 

and then in [16] in 1992. , Naive Bayes is robust to noise and 

irrelevant attributes and the learnt theories are easy for domain 

experts to understand. A Naive Bayes classifier structure, when 

represented as a Bayesian network shows the independence 

assumption among all features in a data instance. A Naive 

Bayesian Model is easy to build as no complicated parameter 

estimation is needed which makes it useful for large data sets. 

Naive Bayes often outperforms some sophisticated 

classification algorithms 

 

6. Experimental Study Area And Results  

The data set used in this research is weather data of 

Srinagar, India from November 2015 to November 2016 [12] 

which we first pre-possessed and cleaned by applying the data 

mining process model. The experiments are conducted in order 

to predict the rainfall using Naive Bayes algorithm. In our 

collected weather data set, EVENT is predicted variable which 

tells whether it will rain on a particular day or not. By applying 

Naive Bayes algorithm on the cleaned data set a model is 

generated which is also known as classifier.  The percentage of 

correctly classified instances by the classifier (model) known as 

classification accuracy gives us the performance measure of 

the classifier (model). There are total 540 records in dataset. 

Each record has 5 attributes including the last attribute defines 

the class label of the record, whether it will rain or not. The 

Naive Bayes classification algorithm is applied to data set with 

known class labels using 10- fold cross validation test which 

produces a classifier (model). The model produces 411 

correctly classified instances which are 76.11% and 129 

incorrectly classified instances which are 23.89%. The 

developed prediction model is used to predict the future events.  

 

7. Performance Evaluation Measures  

Performance evaluation of a model (classifier) is an 

integral part of model development process. Model evaluation 

helps to find the better model for our data and also reveals how 

well the chosen model will perform in future. In order to 

evaluate the performance of developed model, a number of 

performance measure are used which are based on confusion 

matrix.  

 

7.1 Confusion Matrix 

Confusion matrix is the matrix visualization of outcome of 

machine learning model. A basic confusion matrix is 

traditionally arranged as a 2 x 2 matrix for binary classification 
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problem which contains information about actual and predicted 

classifications done by a classification algorithm as shown in 

table 2. Performance of such systems is commonly evaluated 

using the data in the matrix [17]. 

 

Table 2 

A sample confusion matrix 

P
re

d
ic

te
d

 b
y

 

M
o

d
e

l 

Actual Labels 

 YES NO 

YES True-Positive(TP) False-Positive(FP) 

NO False-Negative (FN) True-Negative(TN) 

 

The predicted classes are arranged horizontally in rows 

and the actual classes are arranged vertically in columns, 

although sometimes this order is reversed [18]. Basic confusion 

matrix for a binary or binomial classification can have two 

classes (say, Yes or No). The four different possible outcomes 

of a single prediction for binary classification problem are:  

 

1) True-Positive (TP):  the number of instances which 

are actually positive and are also predicted positive by 

the model.  

2) True-Negative (TN): the number of instances which 

are actually negative and are also predicted negative 

by the model. 

3) False-Positive (FP): the number of instances which 

are actually negative and are predicted positive by the 

model. 

4) False-Negative (FN): the number of instances which 

are actually positive and are predicted negative by the 

model. 

 

Table 3 shows the confusion matrix that is produced after 

applying Naive Bayes algorithm to Srinagar weather data set.  

 

Table 3 

Confusion Matrix of weather data set 

P
re

d
ic

te
d

 b
y

 

M
o

d
e

l 

Actual Labels 

 YES NO 

YES 255 (TP) 100 (FP) 

NO 29 (FN) 156 (TN) 

 

There are many performance measures for classification 

algorithms. In this work we have implemented Confusion Matrix 

of weather data set with following performance measures: 

Accuracy, Precision, Recall, F-measure, Receiver Operating 

Characteristic (ROC), root mean square error (RMSE), and 

mean absolute error (MAE). These performance measures are 

based on the values of confusion matrix.  

1) Sensitivity or Recall: measure the ratio of number of 

instances which are actually positive and are also 

predicted positive by the model. It is also known as 

True Positive Rate and is measured as: 

 

True Positive Rate / Recall/ Sensitivity: 

 

255 255
0.9

255 29 284
 

  
 

2) False-Positive Rate (FPR): measures the ratio of 

instances which are actually negative and are 

predicted positive by the model. 

            False Positive rate 

100 100
0.4

100 156 256
 

  

 

3) Precision: is defined as the proportion of cases found 

that were actually relevant [11]. It is the ratio of 

instances that are positive cases and are correctly 

identified by model.  

Precision/ predictive Positive Rate:  

255 255
0.7

255 100 355
 

  
 

4) F-measure: It is the harmonic mean of precision and 

recall. F-measure has been widely used in information 

retrieval [12]. 

 

F-measure  

                   

2 0.7 0.9 1.3
0.8

0.7 0.9 1.6

 
 

  
 

5) Specificity: It is the ability of a classifier to reject all the 

cases that need to be rejected. In other words, it will 

have no false positives. In reality, any classifier will 

select some cases that need to be rejected and thus 

have some false positives [13].  

 

Specificity is expressed as a ratio (or percentage),      

calculated as follows:  

True Negative rate/Specificity  

156 156
0.6

156 100 256
 

  
 

6) Accuracy: It is one the most widely used classification 

performance metrics. Accuracy is defined as the 

ability of the classifier to select all cases that need to 

be selected and reject all cases that need to be 

rejected. For a classifier with 100% accuracy, this 

would imply that FN = FP = 0 [13]. 

 

Overall Accuracy   

255 156 411
0.8

156 100 29 255 540


 

    
 

Finally, error is simply the complement of accuracy, 

measured by (1 – accuracy). 

 

7) Receiver Operating Characteristic (ROC) Curve: 

ROC curve offer a more robust framework for evaluating 

classifier performance than the traditional accuracy measure 

and have become increasingly popular and useful in machine 

learning [19]. The receiver operating characteristic (ROC) 

curve is a two-dimensional measure of classification 

performance. The area under the ROC curve (AUC) is a scalar 
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measure gauging one facet of performance [20]. ROC curve is 

similar to gain or lift charts. The gain or lift charts are used to 

compare the classification models while ROC curve reveals 

how good a model is.  ROC curves were originally developed in 

the field of signal detection [21]. A ROC curve is created by 

plotting the fraction of true positives (TP rate) versus the 

fraction of false positives (FP rate). When we generate a table 

of such values, we can plot the FP rate on the horizontal axis 

(x-axis) and the TP rate (same as sensitivity or recall) on the 

vertical axis (y-axix). The FP can also be expressed as (1 – 

specificity) or TN rate [13]. 

 

Figure 2 

ROC curve for the Srinagar weather data set 

 

 

As shown in figure 2 the ROC curve climbs quickly 

towards top left corner which means model correctly predicts 

the classes. Area under ROC curve is often used as a measure 

of quality of the classification model. A random classifier has an 

area under the curve of 0.5, while area under ROC for a perfect 

classifier is 1. In our experimental work, Area under ROC curve 

(AUC) is 0.7818 (78.18%) which is quite reasonable and 

acceptable for prediction.  Figure 3(a) and 3 (b) shows the 

graphical representation of various performance measures.

 

Table 4 

Performance Measures 

S.No Performance Measures Values 

1 Sensitivity or Recall 0.9 

2 False-Positive Rate (FPR) 0.4 

3 Precision 0.7 

4 F-measure 0.8 

5 True Negative rate/Specificity 0.6 

6 Overall Accuracy 0.8 

7 ROC 0.7818 

 

Figure 3 

Graphical Representation of Performance Measures 

 

(a) 
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(b) 

 

8. Conclusion and Future Scope 

Naive Bayes is a probability-based classification method, 

which assumes that attributes are conditionally mutually 

independent given the class label. In this work we have 

developed the rainfall prediction model (classifier) that predicts 

the rainfall using Naive Bayes approach.  The weather data for 

this work is taken from Srinagar, India. The developed model‟s 

performance is calculated using various performance 

measures like precision, F-measure, Recall, Accuracy, ROC 

etc.  The prediction model is constructed using 10-fold cross 

validation test which produces 411 correctly classified 

instances which are 76.11% and 129 incorrectly classified 

instances which are 23.89%. The quality of the model is 

measured by constructing ROC which is 78.18%. The 

experimental observations show that Naïve Bayes approach to 

predict rainfall has good level of prediction and is quite 

satisfactory in rainfall prognosis. Based on our work, future 

research can be proposed by implementing amalgam of two or 

more prediction algorithms to develop the model with better 

accuracy rate. 
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