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Abstract. The goal of this paper is a long-term forecasting. The forecast of Ukraine human development index is 
developed. This forecast enables to see the change of index in the future and can be used for the analysis by specialists. 
The method of group method data handling is the method which enables to build long-term forecast. The models built 
by this method using external bias criterion are more noiseimmunity than by other methods.  
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1 Introduction 
 

The task of forecasting of macroeconomic indexes is important today when an economic situation in Ukraine is 
unstable. Some factors affecting the socio-economic situation of Ukraine are not measured and can not be taken into 
account at forecasting. Therefore often the forecasting models of socio-economic situation changes in Ukraine are 
inaccurate. There is necessary to find the method giving possibility to open new knowledge from a data sample. The 
goal of this paper is to find a long-term forecast the value Ukraine is human development index to a 2015 year by 
macroeconomic data of Ukraine in 2000-2008. Group Method of Data Handling (GMDH) is a method finding 
acceptable result of modelling even for a short data sample with noise.  For the previous data analysis is conducted that 
to expose factors which substantially affect an output variable. The analysis of economic situation enables to expose 
weak place on which note should be draw attention of specialists. 

 

2 Human development index 
 
The sufficient material and human resources are requires to ensure sustainable economic development. The material 
factors were the main engine of economic development but from the middle of XX century human factor plays decisive 
role in global economic development according as asserts the experts. Scientific and technical revolution, the creation 
of new technical means and technologies, unprecedented information society are consequences of rapid development of 
scientific and creative potential of people. Competitiveness of countries in the world increasingly depends on the 
conditions of formation and realization of individual human capital accumulation. Therefore the analysis of the 
dynamics of human development have become topics of research such leading organizations in the world, as the United 
Nations, World Bank and other international organizations. 

The Human Development Report is an independent publication commissioned by the United Nations 
Development Programme (UNDP). Its editorial autonomy is guaranteed by a special resolution of the General 
Assembly which recognizes the Human Development Report as “an independent intellectual exercise” and “an 
important tool for raising awareness about human development around the world" [1]. 
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The output variable in the work is Human Development Index (HDI) of Ukraine. The HDI is a composite 
statistic used to rank countries by level of human development of countries. It is integral index which contain the 
measure of life expectancy, literacy, education and standards of living for countries worldwide. It is a standard means of 
measuring well-being, especially child welfare. It is used to distinguish whether the country is a developed, a 
developing or an under-developed country, and also to measure the impact of economic policies on quality of life [2].  

An index is published within the framework of Program of development of HDI in reports about development 
of still human potential and developed in 1990 by the group of economists. An index is published to HDI in an annual 
report about development of still human potential.  

Experts of it international organizations UNDP proposed mechanism for calculating and measuring human 
development index. HDI (I0) is an integral index calculated as an average value of three generalized parameters: 
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when I1 – index of healthy life (longevity); 

I2 – index reached the level of education; 

I3 – Index of life quality (GNI per capita (PPP US$)). 

Macroeconomic Data of Ukraine in 2000-2008 are presented in Table 1. 

Table 1 

Macroeconomic Data of Ukraine (2000-2008) 

Indicators X 2000 2001 2002 2003 2004 2005 2006 2007 2008 

GDP per capita, UAN X1 3436 4195 4685 5591 7273 9372 11630 15496 20534 

100 USD, UAN X2 543,45 529,85 533,24 533,15 530,54 505 505 505 770 

GDP per capita, USD X3 632,26 791,73 878,59 1048,67 1370,87 1855,84 2302,97 3068,51 2666,75

Life expectancy X4 67,91 68,33 68,32 68,24 68,22 67,96 68,1 68,25 68,27 
Population aged 6-24 years, 
thousand persons 

X5 13142,89 12892,57 12658,96 12383,38 12093,14 11744,91 11413,19 11048,17 10630,26

The literacy rate of population from 
 6 years, % 

X6 91,6 92,8 93,1 93,8 94,2 94,6 94,7 94,9 94,7 

Pupils andstudents, thousand persons X7 7771,51 7625,746 7380,634 7071,822 6718,19 6335,56 5997,493 5688,87 5399,395

Index of literacy from 6 years X8 0,916 0,928 0,931 0,938 0,942 0,946 0,947 0,949 0,947 
The index of aggregate share 
 of persons who learn 

X9 0,591 0,591 0,583 0,571 0,556 0,539 0,525 0,515 0,508 

Index of education level (І2) X10 0,808 0,816 0,815 0,816 0,813 0,810 0,806 0,804 0,801 

Index of life expectancy (І1) X11 0,7222 0,7220 0,7207 0,7203 0,7160 0,7183 0,7208 0,7212 0,7212 
Index of adjusted real GDP  
per capita (І3) 

X12 0,0133 0,0173 0,0195 0,0238 0,0319 0,0440 0,0552 0,0744 0,0643 

HDI (І0) X13 0,514 0,518 0,518 0,520 0,520 0,524 0,528 0,533 0,529 

 

 

2. Macroeconomic Data Analysis 
 
For the determination of interdependence and influencing of the indexes I1, I2 and I3 on the integral index I0 the method 
of correlation-regressive analysis is used. Estimation of closeness of communication and degree of influencing of 
constituents of this integral index by HDI of Ukraine is conducted. The pair correlation coefficient of HDI and I1, I2 and 
I3 is calculated.  

The values of pair correlation coefficients are presented in Tabl. 2.  
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Table 2 
Correlation coefficients of components HDI 

 
Coefficients Indicator 

r1 r2 r3 r0

Index of life expectancy (І1) 1    
Index of education level (І2) -0.23041 1   
Index of life quality (GNI per capita (PPP US$)) 0.02924 0.80932 1  
HDI (І0) 0.00204 0.72279 0.986023 1 

 
І3 has the greatest impact on І0 (very high density connection r = 0,986), index of education level І2 is also quite 

substantially affects the HDI (r = 0,723) and synthesis rate І1 synthesis rate does not actually impacts on the HDI (r = 
0,002) as seen from Table 2. 

 

3. HDI Forecasting 
 

The inductive Group Method of Data Handling (GMDH) is chosen as a method of automatic model building 
by data sample for long-term forecasting HDI Ukraine until 2015 [3-4]. This method is based on the principles of 
induction. Combinatorial GMDH algorithm is a method of structural-parametric identification when structure and 
model parameters are selected in the process of model building unlike regression analysis when using a fixed model 
structure. Inductive GMDH algorithms give possibility to find automatically interrelations in data, to select optimal 
structure of model or network and to increase the accuracy of existing algorithms.  

In the GMDH theory it is known two groups of external criteria: accuracy and bias. Criteria for accuracy 
express error model which is calculated at different parts of the sample. The bias criterion is a measure of proximity 
estimates derived in different parts of the sample. Consequently, forecasting HDI of Ukraine to 2015 was conducted by 
using GMDH with the external bias criterion. 

Given that the number of variables in the table of input data (Table 1) exceeds the number of observations 
there is a problem of exclusion of uninformative arguments. This module will calculate the pair correlation coefficient 
of variables shown in Table 3. 

Table 3 
Correlation coefficients of variables HDI * 

 
Variable X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13

X1 1.000             
X2 0.620 1.000            
X3 0.931 0.293 1.000           
X4 0.156 0.242 0.077 1.000          
X5 -0.969 -0.463 -0.963 -0.136 1.000         
X6 0.763 0.148 0.852 0.199 -0.894 1.000        
X7 -0.954 -0.410 -0.970 -0.080 0.997 -0.904 1.000       
X8 0.763 0.148 0.852 0.199 -0.894 1.000 -0.904 1.000      
X9 -0.944 -0.374 -0.975 -0.014 0.989 -0.891 0.997 -0.891 1.000     
X10 -0.853 -0.511 -0.810 0.253 0.776 -0.451 0.781 -0.451 0.807 1.000    
X11 0.041 0.194 -0.028 0.070 0.124 -0.411 0.155 -0.411 0.146 -0.230 1.000   
X12 0.931 0.292 1.000 0.077 -0.963 0.853 -0.970 0.853 -0.975 -0.809 -0.029 1.000  
X13 0.897 0.229 0.986 0.169 -0.946 0.880 -0.950 0.880 -0.950 -0.723 0.002 0.986 1.000 
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As seen from Table 3 correlation coefficients of variables X2, X4, X11 and HDI (X13) have small values (less 
than 0.3). So we can conclude that these variables during 2000-2008 very little impact on the HDI and when building 
models of them can be ignored [5]. In conducting correlation and regression analysis correlation coefficients pair of 
variables X3 and X12; X6 and X8; X7 and X9; X6 and X8 (see Table 3) have values close to «one». A multicollinearity of 
variables can lead to unstable model coefficients estimates because the sample data (Table. 1) were excluded variables 
X3, X7 and X8 and the other normalized by the maximum value for each variable. To calculate the long-term forecast 
values for HDI 2015 calculations for each variable for the year ahead step by step: 

)(1 kjki xfx =+ , ji ≠        (1) 

To forecast the value of each variable by combinatorial algorithm was elected the best model by this criterion 
[6-7]. The bias criterion is used as the external criterion. Criteria bias group are criteria that used in the medium- and 
long-term forecasting, since models derived from these criteria, lose in accuracy compared to the criterion of regularity 
but indicate changes in trend. 

These calculated values of variables are presented in Table. 4. To fill each table cell constructed a new model 
for the combinatorial GMDH algorithm. 

 
Table 4 

Estimated HDI indicators of Ukraine 2009-2015 years 
 

Year X1 X2 X4 X5 X6 X9 X10 X11 X12 X13

2009 15388 541,657 68,221 12987,147 92,8 0,580 0,816 0,720 0,082 0,551 
2010 20211 788,403 68,221 13011,855 92,3 0,599 0,816 0,720 0,073 0,517 
2011 19808 762,007 68,221 12812,872 92,7 0,585 0,815 0,720 0,075 0,532 
2012 19659 769,769 68,221 11266,085 92,6 0,592 0,815 0,720 0,078 0,537 
2013 19732 756,602 68,223 10985,353 92,7 0,549 0,815 0,720 0,078 0,533 
2014 19699 727,542 68,233 12720,215 93,0 0,525 0,813 0,720 0,081 0,543 
2015 19992 632,540 68,226 12616,386 92,6 0,580 0,814 0,720 0,064 0,545 

 

According to the Table 4 the real and calculated Ukraine HDI values from 2000 - 2015 are shown in Fig. 5. 

0,490

0,500

0,510

0,520

0,530

0,540

0,550

0,560

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Роки

ІРЛП

 
Fig. 5. Ukraine HDI Forecasting form 2009 - 2015 
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As shown in Fig. 5 in 2009 HDI has the high value of I0 = 0.551 and in 2010 a sudden failure and over the next 
5 years I0 not even approaching the level of 2009 forecasted. These data suggest about the destruction of human capital 
of Ukraine and its impairment. In order to verify the above forecast values  І0, by calculation of HDI for 2009 based on 
real statistical data 
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From formula (5) shows that I0 is calculated for 2009 is 0.559 and calculated is І0=0,551 (table 4), i.e., the 
difference is 0.008 points, or 1.4%, a slight deviation from the predicted values calculated only confirms the 
authenticity of the chosen methods of forecasting. This made forecast of human development index in Ukraine for 
2009-2015 years shows that the use of combinatorial GMDH algorithm for analytical calculation is completely legal 
and justified to have a positive impact on increasing the degree of validity of changes in macroeconomic indixes. 

 
Conclusions 

The analysis of macroeconomic data that describe trends in scientific and creative potential of Ukraine is 
conduct. To exception of uninformative variables calculated pair module of pair correlation coefficient of variables.  

Combinatorial GMDH algorithm used for long-term human development index of Ukraine forecast. As the 
external criterion proposed to use the bias criterion because this criterion indicating the trend of index. 

 
References 

1. http://hdr.undp.org/en/humandev 

2. http://en.wikipedia.org/wiki/2010_Human_Development_Report#2010_report 

3. Ivakhnenko O.G. Group Method of Data Handling is competitor to the method of stochastic approximation // 
Automation . – 1968 . – №3 . – P. 58-72 (in Ukrainian). 

4. Ivakhnenko А.Г. Inductive methods of the difficult systems self-organization. – Kyiv : Nauk. dumka, 1982. – 
296 p. (In Russian). 

5. Ivakhnenko А.Г., Yurachkovskiy Y.P. Modelling of the difficult systems from experimental data. – М. : Radio 
and communication, 1987. – 120 p. (In Russian). 

6. Ivakhnenko О.Г., Ivakhnenko Г.О. The inductive methods forecasting and analysis of ekonomy systems // 
Economist. – № 5. – 1998. – P. 88 – 97. (in Ukrainian). 

7. Ivakhnenko A.G., Ivakhnenko G.A., Savchenko E.A. GMDH Algorithm for Optimal Model Choice by the 
External Error Criterion with the Extension of Definition by Model Bias and Its Applications to the Committees and 
Neural Networks // Pattern Recognition and Image Analysis. – Vol. 12, № 4. – 2002. – P.347-353.  

8. Ivakhnenko A. G., Stepashko V.S.: Pomekhoustoichivost modelirovania (Noise-immunity of modeling). Kiev: 
Naukova Dumka, 216 p, 1985 (in Russian). 

9. Ivakhnenko A.G., Savchenko E.A. Investigation of Efficiency of Additional Determination Method of the 
Model Selection in the Modeling Problems by Application of the GMDH Algorithm // Journal of Automation and 
Information sciences. Begell House., Inc. Publishers.– 40, Nо 3.– 2008.–  P.47-58. 

The 4th International Workshop on Inductive ModellingIWIM 2011

50




