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Abstract: Flood and drought are frequently happening natural 

disasters in most of the countries. These disasters can cause 

considerable damage to agriculture, ecology and economy of the 

country. Mitigating the impacts of flood and drought is a valuable 

help to the human being. The main cause of these disasters is 

precipitation. If the past precipitation data are analyzed properly, 

the future flood and drought events can be easily found. 

Prediction using the Standard Precipitation Index (SPI) is a way 

to find the wet or dry condition of a region or country. In this 

paper the SPI values with different lead times are calculated for a 

long period of time. These SPI indices are analysed by a predictive 

model using the machine learning algorithm called Support 

Vector Regression (SVR) with RBF (Radial Basis Function) 

kernel. In this model the Grid Search approach is used for 

optimization. The forecast result of this predictive model shows 

the predictive skill of the SVR-RBF kernel. 
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I. INTRODUCTION 

The support vector regression is one of the machine 

learning algorithms which has the capability to forecast the 

time series for non linear, non stationary data perfectly. The 

support vector regression model integrates the various 

drought indices and builds the SVR model to predict the 

meteorological drought [1]. 

Flood and drought are the recurring innate calamities in 

the World, caused by the high and lack of precipitation and 

lead direct and indirect economic loses. Flood and drought 

assessment and consciousness are very important to manage 

the water resources in future. The flood and drought 

definitions vary from region to region based on the 

precipitation. Various indicators are used to asses and predict 

the flood and drought. Calculating the Standard Precipitation 

Index (SPI) values for a period and analyzing through SVR 

model is a way to predict flood and draught events [2]. 

The foremost objective of this research is to evaluate the 

performance of the drought indicator Standard Precipitation 

Index (SPI) in the flood and drought forecasting at different 

lead time using the SVR with the RBF kernel grid search 

method. In this paper section II summarize review of the SVR 
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related prediction system. Section III provides the 

background theory such as SVR, SPI computations. Section 

IV explains how the algorithm employed in the prediction 

methodology. Section V includes the result and discussion 

and section VI gives the conclusion of this work.  

II. REVIEW OF RELATED PREDICTION SYSTEM 

  Many researchers have performed disaster prediction using 

various machine learning algorithms with drought indicators 

in different way. The measurement and forecast of drought are 

based on some models and methods such as hydrological and 

data-driven [3].  

 Ganguli.P et al. proposed the Support Vector Machine 

(SVM) is mainly used for the classification, regression (SVR) 

in the field of hydrology for the forecasting of drought. In 

SVR based drought model the prediction system used 

different SPI lead time [4]. 

 

 T. B. Trafalis et al. and N. I. Sapankevych et al. explained the 

Support Vector Regression (SVR) and Least Squares (LS) 

SVR methodologies to forecast the rainfall with the use of 

WSR-88D radar data. The polynomial kernel used by 

LS-SVR give more accurate result when compared to linear 

regression technique and Gaussian RBF kennel under mean 

square error [1, 5, 18]. 

 

 H.prem et al. and N. I. Sapankevych et al. applied Support 

Vector Regression (SVR) in weather prediction. SVR is 

compared with other methods, it produce the best forecast 

with minimum processing time and least network bandwidth 

[6, 18]. Belayneh. A et.al forecast the drought with SPI using 

the Support vector Regression, Neural network algorithm 

such as wavelet Neural Network. Most of the Support Vector 

Regression (SVR) models used the kernel of Radial Basis 

Function (RBF) with different parameters based on trial and 

error procedure [7,17].  

 

 Chaitaly Hemant et al. proposed various drought indices used 

to forecast drought with the use of different machine learning 

methods and computational models. The appropriate 

selection of indicators can assist in signifying the aridness 

more accurately than the usual methods [8]. Zhenchen Liu 

et.al build the predictor SPI3 relationship with the forecast 

dataset then simulate and predict seasonal drought process in 

China [9].  
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Sujitha et al suggested Standard Precipitation Index (SPI) is a 

important tool for measure the spatial inconsistency of 

aridness and humidity due to its capability to represent 

rainfall variance. They applied SPI to spot the happening of 

drought and flood years and to notify the trends of dry and wet 

condition in Trichy over 30 years and conclude SPI can 

effectively represent the quantity of precipitation over a given 

time range[10].  

 

All related prediction systems are using the SVR with various 

approaches. This research work used the SVR with grid 

search approach, also developed the flood and drought 

prediction model based on the precipitation data. 

III. THEORETICAL CONCEPTS 

A. Support Vector Regression(SVR) 

By means of Support Vector Regression (SVR) the 

precipitation data which is given is transferred to an 

elevated dimensional attribute space through non linear or 

linear mapping. In the support vector machine (SVM) the 

 application of SVR plays a vital role. The Fig.1 explains 

the proposal of Support Vector Regression (SVR) on 

predicting future data. Towards achieving the function 

ƒ(x) in every training data through ε deviation at the most 

when compared to yi actual target value is the main goal 

for SVR. The equation (1) gives the linear function f. 

target pairs and input collection takes places in Training 

data, {(x1, y1), (xi, yi)} ⊂ X × R.[11] 

                 (1) 

  The function ƒ(x) in the hyper plane is, the symbol (∙, ∙) 

comes under the dot product in X and the ε size denotes the 

margin, where w ϵ X and b ϵ R respectively. The SVR value is 

taken from the small margin in the hyper plane and it is used 

for the purpose of findings. With the aid of small margins all 

the data can be devious till it is possible [11]. The calculation 

for margin is able to be attained from the equation (2). 

Minimize Subject to 

                   (2)  

 The perfect assumption from equation (2) is as the ƒ function 

which helps to approximates every target pairs (xi, yi) and 

input with certain accuracy. With the assist of slack variables 

𝜉𝑖, 𝜉𝑖∗ the problems that were created can be described as soon 

as all the data that can’t stay within the margin [11] and it is 

represented in equation (3). 

Minimize  

Subject to            (3)  

 

                     Fig.1. A Support Vector Regression 

The kernel selection is one of the important functions in the 

SVR. The non-stationary and non-linear time series data, the 

appropriate kernel function for the prediction problem has 

taken based upon the attributes of the dataset. The different 

types of the kernels in SVR are Gaussian kernel, linear kernel, 

Radial Basis Function kernel and polynomial kernel [12].                

B. Drought Indicators 

Numbers of drought indicators are available in 

hydrological research papers. They are mostly based on 

hydrological and meteorological parameters. The selection of 

an indicator is depends on region, available data and the 

ability of a method to estimate in the greatest possible way of 

happening the drought in time and space. 

Standard Precipitation Index (SPI): The American scientists 

Does ken, McKee and Kleist designed the SPI. SPI is 

dominant, supple index and it is simple to estimate in multiple 

time scales and also used to find the wet conditions of the 

region. The precipitation data is the essential input limit for 

the purpose of evaluating the SPI. Through the software 

package (SPI_SL_6.exe) the SPI can be estimated.  The first 

step of this calculation is fitting of gamma distribution 

function with the rainfall data. In the upcoming step the 

estimated data is changed to normal distribution function in 

order to obtain mean standard precipitation index as zero [13, 

14, 19]. The values of SPI are calculated by means of 

long-term (12, 18 and 24 months), short-term (1 and 3 months) 

and medium term (6 and 9 months) using forecasting. 

Through rainfall record in a specified period for every region 

the SPI can be calculated. The specified data for rainfall is 

further inserted into probability distribution function which is 

the next function. After that to the normal distribution the 

output is transferred and the mean SPI value in preferred 

period and region was zero [15].The following Table I 

represent the SPI drought classes. 

Table- I: Drought classification based on SPI [13] 
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IV. PREDICTION METHODOLOGIES 

This section explains how the SVR prediction model 

perform with the Standard Precipitation Index (SPI) values 

are calculated from the past precipitation data of India with 

different lead time and forecast the SPI for future.SVR Grid 

search approach is used for optimization. These concepts are 

implemented via PYTHON coding. 

A. Precipitation Data and Study Area 

Through Indian Institute of Tropical Meteorology (IITM) 

the data for monthly rainfall in India was obtained. Data base 

consists of the region wise precipitation data which includes 

south peninsular India, central India, Northwest India and 

Northeast India. The data set for the regions of period 1900 to 

2016 is taken for the prediction process [16]. The following 

Table II shows the rainfall data of central India. Table III 

shows the SPI values of central India computed using the data 

in Table II. 

Table- II: Central India Rainfall (mm) 

 

 

Table- III: SPI values - Central India 

 
 

The following Table IV shows the rainfall data of 

Northeast India. Table V shows the SPI values of Northeast 

India computed using the data in Table IV. 

 

 

 

 

Table- IV: Northeast India Rainfall (mm) 

 
 

Table- V: SPI values - Northeast India  

 
 

The following Table VI shows the rainfall data of 

Northwest India. Table VII shows the SPI values of 

Northwest India computed using the data in Table VI. 

Table- VI: Northwest India Rainfall (mm) 
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Table- VII: SPI values – Northwest India  

 
 

 

The following Table VIII shows the rainfall data of South 

peninsular India. Table IX shows the SPI values of South 

peninsular India computed using the data in Table VIII. 

 

Table- VIII: South peninsular India Rainfall (mm) 

 

Table- IX: SPI values – South peninsular India  

 
 

The following Fig.2 depicts step-by-step process of the 

proposed predictive model. The Region wise precipitation 

data was preprocessed and calculate the SPI values. All the 

values should be calibrated and validated using model 

performance measures and finally select the suitable 

prediction model.  

 
 

 

Fig. 2.Prediction Process Model 

B. SVR-RBF Kernel 

Support Vector Regression (SVR) comes under the kernel 

functions which are nonlinear radical basis function (RBF) 

kernel. In the SVR model the three parameters are contained 

which is defined as epsilon (ɛ), gamma (ɤ) and cost (C). The 

Parameter tuning is one of the important aspects in grid search 

approach which produce the model with each combination of 

the algorithm parameters. The ɛ parameter was constant 

which helps in result complexity and diminishes the model 

space. Cost C denotes the positive constant and as well as 

referred to a capacity control parameter. The loss function is 

represented as gamma (ɤ). It also explains every input data 

which is regression vector limited.  By means of trial and error 

method the three parameters were chosen. The parameters are 

grouped and the parameter that gains the least MSE values in 

calibration data set is chosen as the prediction model.  [7, 17]. 

C. Performance Measures 

The evaluation of the performance and accuracy of the 

prediction system is one of the important things. 

 

                         (4) 

   

Where, MSE denotes mean squared error, N denotes the 

number of samples, yi denotes the observed value, and   

denotes the forecasted value. This performance trial provides 

necessary information regarding the prediction accuracy of 

the prediction system.  

V. RESULTS AND DISCUSSION 

Under the section, the results of forecast for the accurate 

prediction models at each Indian region are presented. In this 

research to build the SVR model using the grid search 

approach for the various C and ɤ values with three RBF 

kernels such as RBF 1, RBF 2 and RBF 3.Value of ɛ is 

constantly taken as 0.1. The best combination of the C and ɤ 

parameter values which can generate the least MSE value is 

chosen to set the drought prediction model. The prediction 

model should be developed 

using the drought indicator SPI 

12, SPI 6, SPI 3, and SPI 1 are 



International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249 – 8958, Volume-9 Issue-1, October 2019 

5198 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: A3001109119/2019©BEIESP 

DOI: 10.35940/ijeat.A3001.109119 

trained with different C and ɤ values. The Table X, below 

summarize the best c, ɤ, ɛ values which give the minimum 

MSE value for each region with different RBF kernels. 

Table- X: 

performance measures with best c, ɤ, ɛ parameters with RBF 1 

 
 

In the above Table X, some least MSE values are highlighted 

based on the accuracy of SPI indicators compare with the four 

regions. The forecast results show that the MSE values of SPI 

3(0.93 &0.90) are notably better than SPI1, SPI 6 and SPI 12 

indicators in the central India and northwest Indian region. 

The following Fig.3 and Fig.4 illustrate the prediction results 

of central India and Northwest India in near future using the 

SPI indicator with 3 month lead time. The Figure 3 shows that 

the SPI values above the 0, represents the wet level and below 

0, represents the dry climate level of central India. The 

severity of flood and drought is recognized on the basics of 

values of SPI given in Table I. RBF 1 prediction produces the 

accurate result in central India and Northwest India. The Fig. 

3 showed the Prediction result of Central India and Fig. 4 

shown the Prediction result of Northwest India. These figures 

show the prediction of flood in 2019 accurately.  

 

 
 

Fig. 3.Prediction result of Central India 

 

 

 
Fig. 4. Prediction result of Northwest India 

From the Table X the forecast result of SPI 6 gives the least 

MSE values in South Peninsular region that is 0.94. The 

following Fig. 5 illustrates the prediction results of South 

Peninsular region in near future using the SPI indicator with 6 

month lead time. The RBF kernel 1 produces the most 

accurate prediction level of this region. 

  

 
Fig. 5. Prediction result of south peninsular India 

 

 
 

Fig. 6.Prediction result of Northeast India 

 

 

In Northeast India SPI with 12 month lead time gives the 

minimum MSE value of 0.93. The Fig.6 shows the prediction 

result of Northeast India. Prediction results based on the Fig.6 

shows the flood level in 2019 accurately and also shows the 

flood levels in near future.  
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VI. CONCLUSION 

Flood and drought forecasting is a most important activity 

to regulate water management. In this research work a 

prediction model is constructed using SVR with RBF kernel. 

The results of this model show that the predictable data is in 

non-linear form. The Standard Precipitation Index (SPI) with 

different lead time gives more accurate result for the flood and 

drought prediction of various Indian regions using 

precipitation data. The results show that the grid search 

approach of SVR model is an effective and flexible approach 

in flood and drought prediction. 
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