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INTRODUCTION 

arious statistical models are available for 

forecasting or for application. Such 

models include the SVM, ARIMA and 

GMDH. These models can be used for forecasting 

with different data sets. A statistical model is 

mathematical in nature which represent sets of 

statistical assumptions which has to do with 

sample data generation. In the analysis of time 

series statistical models are mostly used for 

prediction and often represents idealized form of 

data generating process (Yahaya et al., 2020). A 

statistical model can be referred to as a statistical  
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 assumption or group of 

statistical assumptions having the 

same identity. The assumption 

enables us to obtain the 

probability of an event. 

Furthermore, a statistical model 

is identified as a mathematical 

relationship among one or more 

random variables and other non-

random variables. (Freedman, 

2004) described a statistical 

model as a proper description of 

a theory. Time series data plays a 

very significant role in the 

forecasting and modeling. Time 

series data included dependency 

among successive observations. 

Hence, the order of the data is 

essential. Time series data exist in 

many areas and disciplines such 

as medical studies, economics, 

the energy industry, agriculture, 

meteorology among others. 

Modelling time series data utilizes 

the history of the data and 

develops forecasting using this 

history. Sometimes, statistical 

models are not enough to solve 

some problems. Modelling 

complex systems in absence of 

Standardized Precipitation 

Index (SPI) data series were 

compared. In the study four 

data sets (SPI3, SPI6, SPI9 and 

SPI12) were used. The main 

objective is to compare the 

results of these models and 

choose the most appropriate 

model based on the errors in 

terms of Root Mean Square 

Error (RMSE), Mean Average 

Error (MAE) and coefficient of 

correlation (R) as the 

performance statistical error 

measures used in all the SPI 

data series. The result showed 

that the GMDH model which 

has the minimum value of RMSE 

and MAE with the highest R is 

the most appropriate. Similarly, 

SPI12 data has the lowest value. 

With this, the GMDH model is 

recommended as the best 

model for the drought 

forecasting. 

 

Keyword: SVM, ARIMA, GMDH, 

Forecasting, SPI 
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enough past information and when no theory is defined with respect 

to modelling complex systems (Dag & Yozgatligil, 2016).  

SVM model can be described as a simple algorithm which every 

machine learning specialist should know. It is a well preferred by many 

as it produces substantial accuracy with fewer computation power. 

SVM can be employed for both regression and classification tasks. 

However, it is extensively used in classification purposes. Machine 

learning includes predicting and classifying of data and to achieve this 

we engage different machine learning algorithms corresponding to 

the dataset. SVM is a linear model for classification and regression 

challenges. It can solve linear and non-linear problems and several 

practical problems alike. SVM is also an algorithm that makes the data 

as an input and outputs. SVM has been developed in the structure of 

statistical learning theory (Vapnik, 1999) and Cortes & Vapnik, (1995) 

have successfully applied it to a many application varying from time 

series prediction (Fernández, 2010) to face recognition Keskin et al., 

(2011) to biological data processing for medical diagnosis (Li & Chen, 

2014). Their theory and experimental accomplishment inspire more 

research on their qualities, as well as their additional use. SVM models 

have been proved to be efficient and promising methods for data 

mining (Zou & Yang, 2004) and (Zhang et al., 2015). Recently, the areas 

of machine learning and mathematical programming are gradually 

interlinked (Bennett, Parrado-Hernández 2006), in which SVMs are the 

normal representatives. SVMs lower most machine learning problems 

to optimization problems, this optimization rests at the heart of SVMs. 

ARIMA Model on the other hand gives another approach to time series 

forecasting that solves the non-linear aspect of data series. ARIMA 

models describe the autocorrelations in the data. ARIMA is a 

forecasting procedure that anticipates the future values of a series 

built entirely on its own uncertainty. Its main function is in the aspect 
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of short-term forecasting that require a minimum of 40 historical data 

points. It functions best when data displays steady or steady pattern 

over time with a least number of outliers. An ARIMA models are class 

of statistical models used to analyze time series data forecasting It 

clearly provides standard forms of time series data. It provides a 

simple and formidable method for making competent time series 

forecasts. ARIMA is an abbreviation which stands for Auto-Regressive 

Integrated Moving Average. This abbreviation is illustrative that 

captures the vital features of the model itself. They are AR: Auto-

regression. A model that handles the dependent relationship between 

an observation and certain number of lagged observations. I: 

Integrated. This use differencing of fresh observations (e.g., 

subtracting an observation from the prior observation time phase) to 

make the time series stationary. MA: Moving Average. This is a model 

that uses the reliance between an observation and error from a 

moving average model which is applied to lagged observations. Each 

One of these components are clearly identified in the model as a 

parameter. A typical notation of this is the used of ARIMA (p, d, q) 

where the parameters are replaced with numeral values to instantly 

reveal the specific ARIMA model being employed. 

The third model to be considered is the GMDH model used in the fields 

as data mining, systems modeling, prediction, pattern recognition, 

knowledge discovery and complex optimization. GMDH algorithms 

are considered by inductive process that performs categorizing the 

gradual complicated polynomial models and choosing the best 

solution using the described external criterion. The GMDH model came 

into being in 1968 by Ivakhnenko. This approach from the start was a 

computer-based approach so, a set of computer programs and 

algorithms constitute the primary practical results which was achieved 

at the center of the new theoretical principles. In the work of Shabri & 
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Samsudin, (2014), the GMDH method has been employed in time series 

forecasting successfully. The GMDH is a simple method for self-

organized learning. It allows the researchers to regulate the procedure 

of the complex model starting from the input stage to the output data 

to establish the model parameters (Shaghaghi et al., 2014). 

 

Methodology 

Each of these models have their unique methods of analysis.  

 

Support vector machines (SVM)  

SVM were developed by (Vapnik, 1999) as a tool for classification and 

regression. SVMs is made up of the structural risk minimization 

principle, while neural networks embody the empirical risk 

minimization principle. SVMs are a useful technique for data 

classification. SVM is the state-of-the-art neural network technology 

based on statistical learning (Cortes & Vapnik, 1995). SVMs attempt to 

minimize the generalization error and have two components: support 

vector classification (SVC) and support vector regression (SVR). 

Support vector regression (SVR) is used to describe regression with 

SVMs and has parameters ℂ and Ƴ (Vapnik, 1999). SVMs are developed 

from statistical learning theory and have analytically good 

performance; they are successfully applied in many areas it also solves 

the classification problem in three different cases namely linear SVM 

for the separable case, linear SVM for the non-separable case and non-

linear SVM (Kumar, 2016).  

A classification task which usually involves splitting the data into 

training and testing tests according to Hsu et al., (2016) gave each 

instance in the training set as comprising one “target value” which is 

the class labels and many “attributes” which is the features or 

observed variables and further stated that the goal of SVM is to 
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produce a model which is based on the training data and predicts the 

target values of the test data given only the test data attributes. 

Given a training set of instance-label pairs ( ), ,i ix y  i =1, . . . N , the SVM 

Cortes & Vapnik, (1995) require the solution of this optimization 

problem:  

Min 
1

2

Tw w + C 
1

N

i

i


=

                                              (2.1)                                                                

subject to ( ) 1T

i i iy w x  +  − , 

                0i     

For i = 1,2, …, N, 

Where xi = (1, 2, … N) are the N training points, yi is the label of each 

point with values +1or -1 and C is the penalty cost for the sample points 

which are not classified correctly by the SVM, however, a large C 

corresponds to a higher penalty to errors. 

Generally, SVM models can be classified into four different groups as 

follows 

Classification SVM Type1: - this is known as C-SVM classification 

In this type of SVM, training involves minimization of the error function 

usually given by: 

                    
1

1

2

N
T

i

i

w w C 
=

+                                                                                 (2.2)    

Subject to the constraints: 

                      ( ( ) ) 1 0,T

i i i iy w x b and  +  −   i = 1. . . N 

Where C is the capacity constant; w is the vector of coefficients, b a 

constant,  i  is a parameter for handling data (inputs). i is the index 

which labels the N training cases. 1y  are the class labels xi being the 

independent variable.  

The kernel is used to transform data from the input (independent) to 

the feature space. It should be noted that the larger the C, the more 
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the error is penalized. Thus, C should be chosen with care to avoid 

overfitting.  

Classification SVM Type 2: - this is known as nu-SVM classification,  

Like classification SVM type1, the classification SVM type2 model 

minimizes the error function: 

                        
1

1 1

2

N
T

i

i

w w v
N

 
=

− +                                                                         (2.3)                                        

Subject to the constraints 

              ( )( ) , 0,T

i i i iy w x b   +  −  i=1. . . N and  0  

In regression, SVM which is the functional dependence of the 

independent variable x has to be estimated. Its assumption is like 

other regression problems, which states that the relationship 

between the independent and dependent variables are given by a 

deterministic function f in addition to some additive noise: 

                          ( )y f x noise= +                                                                              (2.4) 

The issue is now to find a functional form for f that can correctly 

predict new cases for SVM. This is achieved by training the SVM model 

on a sample set. This process is like classification and the sequential 

optimization of the error function. Two types of SVM models can be 

applicable depending on the definition of this error function. These are 

regression SVM type1 and regression SVM type 2. This continues as 

follows: 

iii. Regression SVM Type1: - this is known as epsilon-SVM regression 

    This type of SVM uses the error function: 

                             
1 1

1

2

N N
T

i i

i i

w w C C  

= =

+ +                                                               (2.5) 

This is minimized subject to: 

              ( )( )T

i i iw x b y + − +  

             ( )( )T

i i i iy w x b  − + +  
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           , 0, 1,...,i i i N    =  

iv. Regression SVM Type2: - this is known as nu-SVM regression 

       In this type of model, the error function is given by: 

                         
1

1 1
( )

2

N
T

i i

i

w w C v
N

  

=

 
− + + 

 
                                                    (2.6) 

This minimizes subject to: 

                     ( )( )T

i i iw x b y + − +  

                    ( )( )T

i i i iy w x b  − + +  

                    0, 1,..., 0i i i N    =   

Parameters that control the regression quality are the cost of error C, 
the width of the tube   and the mapping function . 

Kernel Function Cortes & Vapnik, (1995) stated that any function which 
satisfies Mercer’s conditions can be used as the Kernel function. 
Currently, the popular kernel functions in machine learning theories 
are Gaussian kernel or radial basis function kernel (RBF), polynomial 
kernel, linear kernel, and multilayer kernel. In our study only, RBF is 
considered and the kernel it is expressed as: 

K (xi, xj) = exp ( )2

,i jx x−                                                (2.7) 

                           > 0 

Where  is the parameter of the Kernel. 

Hsu et al., (2016) are of the view that SVM requires that each data is 

represented as a vector of real numbers and if there are categorical 

attributes they are first converted to numeric data. 

 

Table 1 showing the input structures of the SVM model considered in 

drought forecasting 

Model Input structure 

M2 

M4 

M6 

Xt = f(Xt-1, Xt-2) 

Xt = f(Xt-1, Xt-2, Xt-3, Xt-4) 

Xt = f(Xt-1, Xt-2, Xt-3, Xt-4, Xt-5, Xt-6) 
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M8 

M10 

M12 

Xt = f(Xt-1, Xt-2, Xt-3, Xt-4, Xt-5, Xt-6, Xt-7, Xt-8) 

Xt = f(Xt-1, Xt-2, Xt-3, Xt-4, Xt-5, Xt-6, Xt-7, Xt-8, Xt-9, Xt-10) 

Xt = f(Xt-1, Xt-2, Xt-3, Xt-4, Xt-5, Xt-6, Xt-7, Xt-8, Xt-9, Xt-10, Xt-11, Xt-12) 

In the training and testing of SVM model, the same input structures of 

the data set (M2, M4, M6, M8, M10 and M12) are used.  

 

ARIMA model  

ARIMA model have been found to be amongst the most effective 

forecasting models which has been applied in many fields particularly 

in natural disasters such as flooding, earthquakes and droughts using 

different data sets such as rainfall which, however, suffers from the 

limitations of being able to capture data involving SPI data series. This 

study is therefore motivated using different data sets of SPI series to 

obtain the best ARIMA model in each of the series. Forecasting can be 

defined as a process in which statements are made about the actual 

outcome of events which are not yet observed. It is a decision-making 

tool or planning tool used to help the management or many 

businesses in its attempt to cope with the uncertainties of the future, 

relying mainly on data obtained from the past and present and then 

carry out analysis of the trends. 

(Shijin et al., (2012) described forecasting as one of the important 

research areas in the analysis of the hydrological time series. 

Raicharoen & Lursinsap, (2005) stated that time series forecasting can 

be termed as the act of predicting the future when the past is 

understood. Time series forecasting is widely applied, and it becomes 

an important approach to drought forecasting (Han et al, 2012). In a 

time, series is examined to show something about the behavior of it as 

against searching for effect of one or more variables on the forecast 

variable. Zhang, (2013) described time series forecasting as a model 
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which has been commonly used as a broad range of scientific 

application which includes hydrology and drought. 

In the opinion of Cordeiro & Neves, (2009) forecasting future values of 

a time series is one of the areas in time series analysis in which many 

forecasting methods have been developed and evaluated its 

performance. Zhang, (2013) described the main objective of time 

series forecasting is to forecast future events which is based on known 

past events. ARIMA models can be seen in two perspectives which are 

Non-seasonal and Seasonal ARIMA models. The equation of non-

seasonal model can be given as  

             1 1 1

1 1 1 1... ...t t p t p t q t q tX C X X e e    − − − −= + + + + + + +                                     (2.8) 

In which 1

tX  is the differenced series (It may have been differenced 

more than one time). 

The “predictors” on the RHS included both lagged values of tX and 

lagged errors. This is referred to as ARIMA (p, d, q) model in which 

P = order of the autoregressive part 
d = degree of first differencing involved 
q = order of moving average part 
 ,   are polynomials of order p and q 

This can further be given as: 
 ( )( ) ( )1 11 ... 1 1 ...

dP q

P t q tX C e        − − − − = + + + +          

On the other hand, ARIMA models can model a wide range of seasonal 

data. It is formed by including additional seasonal terms in the ARIMA 

models like, 

( ) ( )( ) ( ) ( )( )4 4 4

1 1 1 11 1 1 1 1 1
yt et

         − − − − = + +       

which can be referred to as Seasonal ARIMA model 

 

Group Method of Data Handling (GMDH) 

Group Method of Data Handling (GMDH) is a typical inductive 

modeling process created on the principles of self-organization. Since 
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it came to be, inductive modeling has been developed and applied to 

complex structures in areas such as prediction, modeling, system 

identification, as well as data mining and knowledge extraction skills, 

to numerous fields like social sciences, sciences, engineering, and 

medicine.  

Group Method of Data Handling model introduced by Ivakhnenko 

(1971) used to solve complex non-linear multidimensional short data 

series. In building the GMDH algorithm, the model is given in the form 

of linear polynomial in which the structure of the model is determined 

by the amount of terms in its polynomial (Ivakhnenko, 2000). GMDH 

has been used successfully to deal with the uncertainty and non-

linearity of the systems in different disciplines in the area of ecology, 

economy, medical aspects of diagnosing the ailments, signal 

processing and control (Yao et al., 2018). This will provide time-

frequency localization in the future selection to choose the optimum 

features or input node from the model. since GDMH is a method to 

develop non-linear models involving several input variables, it has 

been used extensively for modeling and forecasting non-linear process 

which are complex (Kim and Park,2005). The proposed model is 

focused on a multiplier structure that uses each pair of variables 

involving a second order polynomial given by: 

0

1 1 1 1 1 1

...
n n n n n n

i i ij i j ijk i j k

i i j i j k

y V c x V x x V x x x
= = = = = =

= + + + +  
                                             (2.9) 

This is called Kolmogorov-Gabor Polynomial. Where ( )1 2, ,... nX x x x , is 

the input variable vector. Where n is the number of inputs ( )1 2, ,... nV v v v

. For most of the application the quadratic aspect is called Partial 

Descriptions (PD) for two variables only is used. It is in the form of: 
2 2

0 1 2 3 4 5
ˆ

i j i j i jy v v x v x v x v x v x x= + + + + +      

 (2.10) 
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Which is used to predict the output. The input variables are 

( )1 2, ,... nX x x x  and output is set to  y . The coefficients iv for i =0, 1…,5 

is determined by using the least square method. 

( )1 2, ,... nV v v v , is the vector coefficient weight. 

GMDH is developed with polynomial in equation 1 as PD as contained 

in table1 where M is the total number of inputs 

 
Figure1 showing the SVM Graphs 

 

 
Figure 2 showing the ACF and PACF Plots of the ARIMA models 
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Figure 3 showing the graphs of the GMDH models 

 

  Table 2 showing the Selected Best SVM, ARIMA and GMDH Models 

    Data    Model                 Training                                                                    Testing 

  RMSE    MAE         R    RMSE    MAE      R 

SVM         

SPI3          

SPI6             

SPI9               

SPI12            

 

0.6008 

0.3904 

0.3089 

0.2934   

 

0.6274 

0.5699 

0.4835 

0.4902 

     

0.8089 

0.9207 

0.9498 

0.9537 

   

0.6593 

0.5281 

0.4728 

0.4606 

     

0.4749 

0.4187 

0.3861 

0.3729 

   

0.7807 

0.8497 

0.8973 

0.9179 

ARIMA   

SPI3          

SPI6          

SPI9          

SPI12        

 

0.6554 

 0.4262 

0.4194 

0.3699 

  

0.5155 

0.3349 

0.3313 

0.2917 

     

0.7546 

0.9002 

0.9025 

0.9232 

   

0.5741 

0.4086 

0.3764 

0.3628 

     

0.4470 

0.3118 

0.2905 

0.2749 

   

0.8207 

0.9183 

0.9297 

0.9361 

GMDH      

SPI3         

SPI6         

SPI9         

SPI12        

 

0.6428 

 0.4714 

 0.3812 

0.3663 

 

0.5108 

0.3733 

0.3056 

0.2858 

     

0.7634 

0.8866 

0.9283 

0.9327 

   

0.6233 

0.4437 

0.3650 

0.3542 

     

0.4901 

0.3278 

0.2806 

0.2701 

  

0.7769 

0.9009 

0.9322 

0.9383 
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Results and Discussion 

In this study, we used the SPI data consisting of 624 data sets from 
January 1956 to December 2008. The data from January 1956 to 
December 1998 which is 500 datasets representing 80% were used for 
training and124 datasets representing 20% from 1999 to 2008 were 
used for testing. The results of the precipitation correspond to the 3, 
6, 9 and 12-months data sets were used, and their corresponding SPIs 
computed. The time series for these SPI values are calculated. The aim 
is to consider the overall precipitation for the periods of 3, 6, 9 and 12 
months was because of the classification of drought to be a short-
term, medium-term, and long-term for SPI3, SPI6 and SPI9 and for 
SPI12 respectively. The working of these models is built on their various 
techniques. This led to the various results obtained for the SVM, 
ARIMA and GMDH models. 
 
Forecast Performance Evaluation Methods 
The measures used for determining the best model are how small they 
are in both training and testing in the data. This is required to measure 
the amount by which an estimator differs from the original (true) 
value. That is why the measure with smaller values is usually selected 
as the best. The performance evaluation of each model was based on 
the Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and 
correlation coefficient (R) for training and testing used for this study. 
These means of evaluation performance are widely used in evaluating 
results of time series forecasting (Dawson et al., 2007). These are 
stated below: - 

                                  
1

1
ˆ

n

i i

i

RMSE y y
n =

= −                                                      (4.1) 

                                  
=

−=
n
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tt yy
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1

|ˆ|
1

                                                          (4.2) 

                                   
2/1

1

2

2/1

1

2

1

)ˆˆ()(

)ˆˆ)((









−








−

−−

=





==

=

n

t

tt

n

t

tt

n

t

tttt

yyyy

yyyy

R
                          (4.3) 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
NOV., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

 TIJSRAT 

SCIENCE RESEARCH AND TECHNOLOGY VOL.7 

29 ISSN: 2623-7861 

Where tŷ  is the predicted value, ty  is the actual value at time t, and n 

is the number of Predictions. 
 
Conclusion 
From the various results obtained, the accuracy and reliability of 
estimating the SPI are very significant. The study proposed the 
application of SVM, ARIMA and GMDH methods for modeling SPI data 
sets. For each of the models, the results showed that SPI12 data has 
the minimum error in terms of RMSE, MAE and maximum correlation 
coefficient R for the training and testing phases.  
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