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Problem discription of deter mination of factors affecting
HDI

A sample of 10 countries representing all four les
human development was chosen based on their piogmnes
HDI rating during 2005-2012. The main factors ofnfan
development in these countries were analyzed. Catdial
GMDA was chosen as a method for further researdhneoids
of human development in these countries.

Key words: human development index, per capita
income, combinatorial GMDH algorithm.

Bubipxa 3 10 kpain, wo npedcmasnsioms 6ci womupu
PIBHI 1100CbK020 PO36UMKY, CHOPMOBAHA HA OCHOBI Npocpecy
yux kpain y peumuney IJIP y 2005-2012pokax. [Iposedeno
AHAN3 OCHOBHUX NOKA3HUKI@ JHOOCbKO20 PO3GUMKY 6 YUX
kpainax. Kombinamopnuii memoo MI'YA eubpano 0rs
nO0ANbUI020 BUBYEHHS MEHOEHYIl TH0O0CHKO20 PO3GUTNKY 8 YUX
KpaiHax.

Knrouosi cnosa: inoexc 1t00cvko20 po3eumky, 00Xio Ha
Oyuiy Hacenents, komoinamopHui ancopumm MI'VA.
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Buibopra uz 10 cmpan, npedcmasnsiiowux éce uemovipe
VPOBHSL YeN08eHeCK020 PA3GUmMuUsl, CHOpMUPOBAHA HA OCHOGe
npoepecca 6 peumurnee U4P ¢ 2005-2012200ax. Ilposeden
AHAU3 OCHOBHLIX NOKA3amenell 4eli08e4yecko20 pazeumus 6
amux cmparnax. Kombunamopnwiii memoo MI'VA evibpan 015
nociedyloujeeo  UyueHus — MeHOeHYUll  Yeno8euecKo2o
Pazeumusi  Smux CmpaHax.

Knwuesvie cnosa. unoekc uenoseyeckozo pazgumusl,
00X00 Ha Oyuly Hacenenus, KOMOUHAMOPHBIU aAleOPUmMm
MI'VA.

Introduction. Human development can be defined as
enabling people to develop their full potential airehd
productive, creative lives in accordance with thededs and
interests. However, it took a long time before miadk
accepted the rather simple truth that the goalkesttbpment is
to enhance everyone’s abilities and freedoms [1].

Over time there has been a better understandirnteof
social consequences of economic development, of the
increasing inequality between rich and poor coestrthat
accompanied globalization and above all an acknbydment
by governments and the public at large that noy amhuman
development achievable, but that it has practiceammg for
social and economic progress and the overall prigpef
nations and states [2].

Analysis of recent research. Twenty years ago, the
Human Development Index (HDI) was proposed as an
alternative to conventional assessments of devedopibased
on measures of per capita income. It complemectaie with
health and education indicators. HDI classificagiane relative
— based on quartiles of HDI distribution acrossntoas and
denoted very high, high, medium and low HDI. Beeatiere
are 187 countries, the four groups do not havednee number
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of countries: the very high, high and medium HDdgrs have
47 countries each, and the low HDI group has 46cms [3].

Combinatorial group method of data handling (GMDH)
algorithm was used to build models describing ddpane of
human development index on macroeconomic factois [4
Inductive GMDH algorithms give possibility to find
interrelations in data automatically, and to selegtimal
structure of model.

Unsolved problems. Theoretical essentials of human
capital reproduction, analysis of indices of soeiatl economic
progress are subject for research for many studilesugh, due
to its complexity issues of human development dilée reot
examined completely. Taking into consideration the
importance of this field for the whole mankind, quehensive
studies of human development should be continued.

Goal. The goal of this article is to find out what ctrigs
made the most remarkable progress in their human
development during 2005-2012. The choice will bedokaon
HDI ranking during the above stated period.

The main factors describing their development il
analyzed. In order to determine what factors wée most
influential for the achievements of these countmeshe field
of human development GMDH is chosen to be used.

Methods of economical and mathematical analysisilsho
be used for calculating dependencies of HDI on edifit
factors describing the level of development in @mos
countries.

The bulk material. 10 countries with different levels of
human development from different regions were chose
order to explore the reasons for their remarkalbbtgness in
rating of HDI. Hong Kong, Special Administrative gten of
China and Singapore have very high level of human
development. Belarus, Saudi Arabia, Bolivarian Rxipuof
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development.
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Venezuela, Islamic Republic of Iran, and Ecuadorehhigh
level of human development. Ghana and United Reépubl
Tanzania have respectively medium and low levehwian

presented in the Table 1.

Table 1. Human development index
Human Development Index (HDI) value

Country

Hong Kong,

Singapore

Chile

Belarus

Venezuela

Iran

Ecuador

Ghana

Tanzania
Source:

for these countries

in 2005-2012 |

2005 2006 2007 2008 2009 2010 2011 2012
0.857 0.865 0.877 0.892 0.894 0.9 0.904 0.906
0.852 " . . 0.877 0.892 0.894 0.895
0.789 0.791 0.8 0.807 0.808 0.813 0.817 0.819
0.73 0.743 0.756 0.768 0.78 0.785 0.789930.7

0.694 0.703 0.712 0.738 0.741 0.744 60.7@.748
0.685 0.704 0.706 0.717 0.723 0.74 0.742 2D.74
0.682 0.686 0.688 0.715 0.716 0.719 0.727240
0.491 0493 0506 0.52 0534 054 0.553 0.558
0.395 0.401 0.408 0.414 0.458 0.466 0.47476
Human Development Index (HDI) value: HDRO

calculations based on data from UNDESA (2011), Baand Lee (2011),
UNESCO Institute for Statistics (2012), World Baf#012) and IMF

(2012).

Table 2. Carbone dioxide emissions per capita
2005 2006 2007 2008

Country

Hong Kong,

Singapore
Chile
Belarus
Saudi Arabi
Venezuela
Iran
Ecuador
Ghana
Tanzania

6 5.6
11.8 10.9
3.9 4
6 6.4
a 153 155
6 5.7
6.6 7
2.2 2.2
0.3 0.4
0.1 0.1

5.8
7.8
4.2
6.2
15.6
6
7.1
2.2
0.4
0.1

5.5
6.7
4.4
6.5
16.6
6.1
7.4
1.9
0.4
0.2

Source: Carbon dioxide emissions per capita: Wd&hk (2012a).

"World Development Indicators 2012." WashingtonCDWorld Bank.

http://data.worldbank.org. Accessed April, 2012.
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Human-originated carbon dioxide emissions preseimed
the Table 2 stem from the burning of fossil fuglas flaring
and the production of cement, including carbon @iexemitted
by forest biomass through depletion of forest arézerbon
dioxide emissions per capita is carbon dioxide siDis
divided by mid-year population.

Table 3. Employment to population ratio
Country ~ 2005 2006 2007 2008 2009 2010 2011

Hong Kong, 60.8 614 619 62 611 609 61.2

Singapore 66.3 67.7 687 693 685 69 692

Chile 583 59 59.8 606 59.6 623 629

Belarus 55.6 552 548 544 538 542 544

Saudi Arabia 612 60.4 60.8 606 60 59.9 597

Venezuela ~ 66.8 67.7 684 689 684 68 68.1

Iran 49 48.3 479 457 46 46.2 46.1

Ecuador 722 731 724 708 707 712 715
Ghana 821 812 813 814 814 815 813
Tanzania 843 845 844 844 844 844 842

Source: Employment to population ratio, populati@d+: ILO
(2012). ['"Key Indicators on the Labour Market: 7#dition". Geneva:
ILO.].http://www.ilo.org/empelm/what/lang--en/WCMS.4240. Accessed
March 2012.

The Organization for Economic Co-operation and
Development defines the employment rate as the @mant-
to-population ratio (shown in the Table 3). Thisistatistical
ratio that measures percentage of the populaties 2§ years
or older that is employed. This includes peoplet thave
stopped looking for work. The International Labor
Organization states that a person is consideredogex if
they have worked at least 1 hour in "gainful” emnyptent in
the most recent week.

Employed persons are all those who, (1) do any vabrk
all as paid employees, work in their own businegsrofession
or on their own farm, or work 15 hours or more apaid
workers in a family-operated enterprise; and (2}radse who
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do not work but had jobs or businesses from whingy twere
temporarily absent due to illness, bad weather,ataa,
childcare problems, labor dispute, maternity oepdty leave,
or other family or personal obligations — whethemot they
were paid by their employers for the time off andether or
not they were seeking other jobs.

Unemployed persons are all those who, (1) have no
employment during the reference week; (2) are albal for
work, except for temporary illness; and (3) havalenapecific
efforts, such as contacting employers, to find @yplent
sometime during the past 4-week period.

Included in the group ‘Not in the labor force’ aal
persons in the civilian non-institutional populatiovho are
neither employed nor unemployed. Information idemed on
their desire for and availability to take a jobtla¢ time of the
interview, job search activity in the prior yeandareason for
not looking for work in past 4-week period.

Multiple jobholders are employed persons who, haxe
or more jobs as a wage and salary worker, areesaployed
and also held a wage and salary job, or work asirgraid
family worker and also hold a wage and salary job.

Table 4. Expenditure on health, public (% of GOP9)
Country ~ 2005 2006 2007 2008 2009 2010

Hong Kong, - - - - -

Singapore 1 1 0.9 1.2 15 1.4
Chile 2.8 2.8 3 3.3 4 3.8
Belarus 5.2 4.5 4.5 3.9 3.9 4.4

Saudi Arabia 2.6 2.8 2.7 2.1 2.7 2.7
Venezuela 2.3 2.4 2.7 2.4 2.4 1.7

Iran 2.5 2.6 2.4 2.7 2.3 2.2
Ecuador 2.1 1.6 1.7 1.9 3.1 3
Ghana 3.1 2.5 3.7 3.2 2.8 3.1
Tanzania 1.9 3.8 3.7 3.4 3.7 4

Kuis — 2013 6unyck 18



2 A8FEKkoHoMmiko-mamemamuie MOOeMO8AHHS COYIANbHO-eKOHOMIYHUX
cucmem
36ipnux naykoeux npays

Source: Public expenditure on health (% of GDP):riWdBank
(2012a). "World Development Indicators 2012." Wasghdon, D.C.: World
Bank. http://data.worldbank.org. Accessed April120

Public expenditure on health presented in the Tdhke
current and capital spending from government (e¢rdnd
local) budgets, external borrowings and grants lfohog
donations from international agencies and nongowemial
organizations), and social (or compulsory) healiburance
funds, expressed as a percentage of GDP.

Table 5. Foreign direct investment, net inflowsd#o

GDP), (%)

Country ~ 2005 2006 2007 2008 2009 2010 2011

Hong Kong, 189 237 263 277 25 317 341

Singapore 125 211 22 51 8.7 18.1 -

Chile 57 47 72 84 15 7 -

Belarus 1 1 4 3.6 3.8 25 7.2

Saudi Arabia 38 51 63 83 97 48 28

Venezuela 1.9 -0.3 0.7 0.4 -0.8 0.3 1.7

Iran 1.6 0.7 0.6 0.5 0.9 - -
Ecuador 1.3 0.7 0.4 1.9 0.6 0.3 -
Ghana 1.4 3.1 5.6 9.5 5.5 7.9 -
Tanzania 6.6 2.8 35 1.9 1.9 1.9 -

Source: Foreign direct investment, net inflows (#4G®P): World
Bank (2012a). "World Development Indicators 201@/ashington, D.C.:
World Bank. http://data.worldbank.org. AccessedilpAgn12.

Foreign direct investment presented in the Tabis &
sum of equity capital, reinvestment of earning$ieotlong-
term capital and short-term capital, expressed psreentage
of GDP.

It is a direct investment into production or busmeén a
country by a company in another country, eitherbhying a
company in the target country or by expanding dpmra of an
existing business in that country. Foreign direstestment is
in contrast to portfolio investment which is a pess
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and bonds.

Foreign direct investment has many forms. Broadly,
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investment in the securities of another countryhsas stocks

foreign direct investment includes mergers and &dopns,

building new facilities,

reinvesting profits earnefiiom

overseas operations and company lodmsa narrow sense,

foreign direct investment refers just to buildirganfacilities.

Table 6. Adolescent fertility rate (women aged Boykars)
(births per 1000 women aged 15-19 years)

Country
Hong Kong,
Singapore
Chile
Belarus
Saudi Arabia
Venezuela
Iran
Ecuador
Ghana
Tanzania

2005 2006 2007
4
-
61.6
23.9
20.6
92.1
335
84.5
79.9
132

2008

5.7
4.5
59.6
213
26.1
89.9
18.3
82.8
64
130.4

2009 2010
3.2
4.8

58.3
22.1
11.6
89.9

295
82.8
71.1

130.4

Source: Adolescent fertility rate (women aged 15-i€ars):

UNDESA (2012b). Population Division Database. Detai Indicators.
Accessed May 2012.

Adolescent fertility rate shown in the Table 6 isanber
of births to women ages 15-19 per 1,000 women &5e%9.
Table 7. Fixed Broadband Internet subscription

Country 2005 2006 2007 2008 2009 2010
Hong Kong, 244 263 27.6 279 289 299
Singapore 154 179 195 215 237 249
Chile 4.3 6.2 7.7 8.5 9.8 105
Belarus - 0.1 1.7 49 113 174
Saudi Arabia 0.3 0.9 2.4 4 5 5.5
Venezuela 1.3 2 3.1 4.7 4.7 54
Iran - 0.1 0.3 0.4 0.5 0.7
Ecuador 0.2 0.3 0.7 1.1 1.7 1.4
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Ghana 0 0.1 0.1 0.1 0.1 0.2
Tanzania 0 0 0 0 0 0

Source: Fixed broadband internet subscription: tntgional
Telecommunication Union (2012).
http://www.itu.int/ITU-D/ict/statistics/ Accessedakéh 23, 2012.

Fixed broadband Internet subscription is broaddagh-
speed access to the public Internet (a TCP/IP atiomg, at
speeds equal to or greater than 256 kilobits pesrsk in one
or both directions, expressed per 100 people aasgepted in
the Table 7.

Table 8. Internet users
Country 2005 2006 2007 2008 2009 2010

Hong Kong, 56.9 60.6 643 66.2 69.2 718
Singapore 61 59.1 679 68 684 71.1
Chile 312 345 359 373 388 45
Belarus - 16.3 198 232 278 321
Saudi Arabia 12.7 195 30 36 38 41
Venezuela 126 153 209 26 31.3 359

Iran 8.1 8.8 9.5 10.2 111 13
Ecuador 6 72 10.8 188 246 29
Ghana 1.8 2.7 3.9 4.3 5.4 9.5
Tanzania 4.3 5.8 7.2 9 10 11

Source: Internet users: International Telecommuticca Union
(2012). http://www.itu.int/ITU-D/ict/statistics/ A&essed March 23, 2012.

Internet users are people with access to the watElw
network, expressed per 100 people and shown ifdbk 8.

Table 9. Gross National Income (GNI) per capita
Country 2005 2006 2007 2008 2009 2010 2011 2012

Hong Kong, 35,720 38,643 41,057 42,591 40,393 92,545,160 45,598
Singapore 42,330 46,112 48,344 49,075 47,502 51,259,439 52,613

Chile 11,600 11,678 12,294 13,097 12,942 13,551 4014, 14,987
Belarus 8,540 9,407 10,187 11,311 11,329 12,245 7702, 13,385
Saudi Arabia 20,780 20,896 20,580 20,964 20,552 8530, 21,812 22,616
Venezuela 9,770 10,656 11,599 11,891 11,210 10,848,068 11,475
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Iran 9,060 9,503 10,177 10,316 10,390 10,834 10,930,695
Ecuador 6,190 6,423 6,458 6,936 6,863 7,073 7,288,4717
Ghana 1,190 1,075 1,130 1,225 1,394 1,451 1,596 841,6
Tanzania 1,050 1,095 1,149 1,197 1,230 1,288 1,323,383

Source: GNI per capita in PPP terms (constant 2@@&rnational
$): HDRO calculations based on data from World B&®12), IMF (2012)
and UNSD (2012).

It is an aggregate income of an economy generatets b
production and its ownership of factors of prodoctiless the
incomes paid for the use of factors of productiomed by the
rest of the world, converted to international ddallausing
purchasing power parity (PPP) rates, divided by yeeadl
population and presented in the Table 9.

Table 10. Total dependency ratio
Country ~ 2005 2006 2007 2008 2009 2010 2011 2012

Hong Kong, 359 351 342 334 326 32 321 323

Singapore 39 382 375 368 363 359 356 354
Chile 49.2 484 476 468 46.2 457 454 452
Belarus 43 423 415 408 403 40 40.2 405

Saudi Arabia 57.6 55.1 53.3 52 50.9 499 495 49
Venezuela 56.9 56.2 555 549 544 54 536 533

Iran 452 433 418 40.7 398 39.2 389 387
Ecuador 60.9 60.2 595 589 583 577 57 56.3
Ghana 76.1 757 752 746 741 736 733 73
Tanzania 90.6 909 911 913 915 918 922 926

Source: Total dependency ratio: UNDESA (2011). 2B#&Qision of
World Population Prospects.

Total dependency ratio shown in the Table 10 i® rait
the sum of the population ages 0-14 and ages 6%®lded to
the population ages 15-64.

Table 11. Total fertility rate
Country 2005 2006 2007 2008 2009 2010 2011

Hong Kong, 0.9 0.9 1 1 1 1.1 1.1
Singapore 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Chile 1.9 1.9 1.9 1.9 1.9 1.9 1.8
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Belarus 1.3 1.3 14 1.4 14 14 15
Saudi Arabia 3.2 3.1 3 3 2.9 2.8 2.7

Venezuela 2.6 2.6 2.6 25 25 2.5 2.4

Iran 1.8 1.8 1.8 1.7 1.7 1.7 1.6
Ecuador 2.7 2.6 2.6 2.6 25 2.5 2.4
Ghana 4.4 4.4 4.4 4.3 4.2 4.2 4.1
Tanzania 5.6 5.6 5.6 5.6 5.6 5.5 5.5

Source: Total fertility rate: UNDESA (2011). 201Cevision of
World Population Prospects.

Total fertility rate (TFR) presented in the Tablgé i a
number of children that would be born to each wonfashe
were to live to the end of her child-bearing yearsl bear
children at each age in accordance with prevagigg-specific
fertility rates.

The TFR is a synthetic rate, not based on theliferaf
any real group of women since this would involveting until
they had completed childbearing. Nor is it basedconnting
up the total number of children actually born owéeir
lifetime. Instead, the TFR is based on the ageifpdertility
rates of women in their "child-bearing years," whimn
conventional international statistical usage issa@®—44 or
15-49.

The TFR is, therefore, a measure of the fertilityaa
imaginary woman who passes through her reproductive life
subject toall the age-specific fertility rates for ages 15—4&t th
were recorded for a given population in a givenryéae TFR
represents the average number of children a woweaumld
have were she to fast-forward through all her d¢ahting
years in a single year, under all the age-spefsfitlity rates
for that year. In other words, this rate is the banof children
a woman would have if she was subject to prevaierglity
rates at all ages from a single given year, andives
throughout all her childbearing years.

Table 12. Total reserves minus gold
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Country 2005 2006 2007 2008 2009 2010 2011

Hong Kong, 69.9 70.1 737 84.7 1222 119.7 117.1
Singapore 939 97.8 96.6 104.3 106.6 1058 99.1
Chile 138 125 9.7 128 146 129 16.9
Belarus 3.8 2.9 8.7 4.4 9.8 6.2 10.9
Saudi Arabia 49.1 634 794 929 108.8 98.7 93.7
Venezuela 16.4 16 105 105 6.6 3.3 3.1

Iran 3.2 5.2 7.6 8.4 122 201 16.3
Ecuador 4.6 3.6 6.2 6.9 5.5 2.5 25
Ghana 164 103 8.1 6.2 13 14.8 14
Tanzania 145 158 17.2 13.8 16.2 17 15.7

Source: Total reserves minus gold: World Bank (2012World
Development Indicators 2012." Washington, D.C.: M/&ank.
http://data.worldbank.org. Accessed April, 2012.

Total reserves minus gold shown in the Table 1#239am
of special drawing rights, reserves of Internatiok@netary
Fund (IMF) members held by the IMF and holdingsavéign
exchange under the control of monetary authoriges|uding
gold holdings, expressed as a percentage of GDP.

In order to explore the level of impact of thesetdas on
HDI GMDH should be used. It was shown how GMDH &tan
used for revealing of dependencies in social ant@unic data
and their analysis. Models were developed by Coatbiral
GMDH algorithm [5,6]. GMDH is a family of inductive
algorithms for computer-based mathematical modelofg
multi-parametric datasets that features fully auwton
structural and parametric optimization of models.

GMDH algorithms are characterized by inductive
procedure that performs sorting-out of graduallynpbcated
polynomial models and selecting the best solutipmieans of
the so-called external criterion.

A GMDH model with multiple inputs and one outpuiais
subset of components of the base function (1):
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YOuX) =8+ 2 3 (1)

wheref are elementary functions dependent on differetst ae
inputs, a are coefficients anan is the number of the base
function components.

In order to find the best solution GMDH algorithm
consider various component subsets of the basdidunl)
called partial models. Coefficients of these modeise
estimated by the least squares method. GMDH alguorit
gradually increase the number of partial model conepts and
find a model structure with optimal complexity indied by
the minimum value of an external criterion. Thiogess is
called self-organization of models.

The most popular base function used in GMDH is the
gradually complicated Kolmogorov-Gabor polynomay: (

Y (X, X,) =

2
ao+zax+zzajxx +33 VA kO

i=1 j=1 i=1j=i k=]

Summary. 10 countries from different geographical
regions were chosen based on their progress in tdig
during 2005-2012. These countries represent alt fauman
development levels. 11 factors describing differaspects of
human development for the period of 2005-2012 were
analyzed. In order to reveal dependency of HDI baese¢
factors for chosen countries Combinatorial GMDH wddadbe
used. Also this method will be chosen for HDI fasting

based on main factors dynamics.
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VJK 336.5 O.M. Yucruk

AanTHBHA MO/ eJIb IPOrHO3yBaHHsA (piHaHCOBOTO
3a0e3ne4eHHs] CTPYKTYPHHX eJIeMEHTIiB 30pOMHUX CHJI
Ykpainn

Ilpeocmasneno memoouunuil nioxio GUKOPUCTHAHHSL
a0anmueHux Mmooenel Oas NPOSHO3YE8AHHA  (DIHAHCOB020
3abe3neuennss cmpykmypuux —enemenmie 3opounux Cun
Yipainu. Hasedeno npuxiad 3acmocy8anuss KOMOIHOBAHO20
NpocHO3Y OJI AHANI3Y 3AMEEPONCEHUX NPOSHOZHUX NOKAZHUKIG
8UOAMKI6 13 3a2albH020 (POHOY 0epicasHo2o 0100dicemy Ha
nompebu 3opounux Cun Ykpainu i3 suxopucmaunsim mooeii
bpaynua.

Knrouoei cnosa adanmueni Mmooeni npoecHO3Y8aHHS,
moodenv bpayna, acuenysanns na nompedbu 36poiinux Cun
Ykpainu, oepoicagne npoecno3yeants 6U0amKia.

Ilpeocmasnen memoouyeckuti nOOX00 UCHONb308AHUS
A0anmueHvlX Mooenell 0l NPOSHO3UPOBAHUSL (DUHAHCOBO20
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