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Bu ¢alismanin amaci, dort Orta Asya iilkesi igin enerji kullanim, istihdam ve altyapt yatirimlarimin reel
Gayri Safi Yurtici Hasila (GSYIH) iizerindeki etkilerini belirlemektir. Kazakistan, Kirgizistan, Tacikistan
ve Ozbekistan icin 1990-2018 dénemi panel veri analizini kullanarak Otoregressive Dagitilmis Gecikme
modeli (ARDL) ile reel GSYIH, enerji kullanimi, altyap: yatirimlar: ve istihdam arasindaki uzun vadeli
iliskiyi arastirmak icin kullanimistir. Sonuglar, reel GSYIH ile enerji kullanimi arasinda ters bir iliski
oldugunu, ancak istihdam ve altyapi yatinmlart ile reel GSYIH arasinda pozitif bir iliski oldugunu
gostermektedir. Degiskenler arasindaki nedenselligin belirlenmesi icin Dolado-Liitkepohl Nedensellik
Testi uygulanmigtir. Dolado-Liitkepohl test sonuglari, elektrik tiiketiminden reel GSYIH'ya dogru bir
nedensellik oldugunu géstermektedir. Altyapt yatinmlar ile reel GSYIH arasinda da tek yonlii bir
nedensellik bulunmustur. Sonuc¢lar ayrica altyapr yatirimlarin ile istihdam arasinda tek yonlii bir
nedensellik oldugunu gostermektedir. Sonuglar, bu iilkeler i¢in altyapt yatirimlaruin iilkelerin ekonomik
biiyiimesi ve gelismesinde onemli bir faktor oldugunu dogrulamaktadir.

Anahtar Kelimeler: Enerji Tiiketimi, altyap: yatirimlari, ekonomik biiyiime, ARDL
Abstract

The aim of this study is to estimate the impact of energy use, employment, and capital formation on real
GDP for four Central Asian countries: Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan using panel
data analysis between 1990 to 2018. This study uses ARDL! approach to investigate the long-run
relationship among real GDP and energy use, employment, and capital formation. The results show an

! The Autoregressive Distributed Lag
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inverse relationship between real GDP and energy use, but a positive relationship real GDP and other
independent variables, employment and capital formation. The Dolado-Liitkepoh! Causality Test has been
applied to determine the causality among the variables. Test results show that electric consumption
increases real GDP. A unidirectional causality has been found between capital formation and real GDP.
The results also show a unidirectional causality between capital and employment, confirming capital
accumulation is a vital factor in economic growth.

Keywords: Economic development, regional economics, energy use, capital formation
JEL Classification: E00, K32, F43

Introduction

Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan, landlocked countries in Central Asia, faced
significant economic hardship since the disintegration of the Soviet Union in 1991. These
countries show a similar pattern of Gross Domestic Product (GNP) growth in real terms. All of
the countries under study experienced a steady decline in their national incomes for several years
after the independence followed by a gradual but sustained increase in overall economic activity.
Kazakhstan, however, experienced slightly higher economic growth than the other countries.

Energy consumption per capita showed a steady decline after the independence of these states
from the Soviet Union. However, it started to recover in the late 1990’s as economic conditions
started to improve. Figure 1 summarizes the electricity consumption for four of the countries
under study.
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Fig. 1: Electricity Consumption (kWh per capita)
Source: World Bank Open Data

The most dramatic decline in per capita energy consumption was experienced by Kazakhstan after
gaining its independence from the Soviet Union. Uzbekistan also experienced a steady decline in
per capita energy consumption in the first decade of their independence. Tajikistan, however, is
still in a slow decline stage.

Kazakhstan has experienced strong economic growth over the past two decades. The driving force
behind such a development was natural resource extraction and export-oriented policies. During
the global economic crisis of 2008-2009, however, Kazakhstan’s economic growth slowed down.
A sharp drop in oil, natural gas and commodity prices in 2009 caused a recession in Kazakhstan.
Oil, natural gas, and emtia prices recovered soon after the great global recession and growth in
the oil industry have stimulated the Kazakh economy. Another big drop in oil prices in 2014 and
commodity price fluctuations over the recent years subjected the economy to uncertainties,
impacting its steady growth. Sectors other than natural resource extraction are on a very slow
growth path and exhibit low productivity and low international competitiveness (U.S. Energy
Information Administration [EIA] 2017).

Uzbekistan is energy self-reliant. Uzbekistan electricity infrastructure and distribution network is
in very poor condition, causing electricity shortages, low efficiency, high losses and low
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reliability. A growing economy and more demand for gas and oil force Uzbekistan to increase
production and infrastructure investment in distribution pipelines. The need for finding funds,
through foreign direct investment has been increasing. Uzbekistan eased up the processes
domestic private and foreign direct investment. The government provides advantages, financial
encouragements and assurances to attract international investors, and creates special investment
zones and provides tax discounts. Some of the difficulties for investor include slow bureaucratic
processes, restrictive currency regulation, excessive state involvement and corruption.

Kyrgyzstan has limited amounts of coal, natural gas and oil, but is abundant in water resources
and uses its hydro power for electricity generation. Kyrgyzstan imports natural gas, oil and coal
for more than 65% of its energy requirements. The country meets all of the demand for natural
gas and oil with imports from neighboring countries. About 50% of the total coal supply imported
for energy consumption (IEA, 2015).

Tajikistan has plentiful water resources and hydropower is being used as the principal source of
energy. Nurek HPP is the largest hydropower plant (HPP) in the Central Asia. The country uses
hydropower for electricity generation. Imported oil and gas are being used for residential heating
and lighting and industrial production. The coal production is also growing slowly.

Tajikistan experienced a civil war until 1997. The economy slowly recovered after 1997. The
agricultural sector employs more than 65% of the labor force and is the largest sector of the
economy. Cotton and aluminum exports accelerated the economic growth of the country.
Unilateral transfers from Tajik laborers working abroad, mainly in Russia, also contributed to
economic growth. The global economic recession impacted Tajikistan because of reduced exports
and unilateral transfers. (EIA, 2017).

Tajikistan’s energy sector is open to supply shocks. The seasonal changes of water resources
cause electricity blackouts during the winter months. The country is not part the Central Asia
Power Grid since 2009 and gas supplies from Uzbekistan also stopped in 2013, creating some
concerns for the energy supply.

The oil and gas reserves require significant domestic private and foreign direct investment for all
these countries. The governments have instituted reforms to reduce attract more investment in the
recent years. These countries, however, do not attract enough foreign investment, due to
corruption and political instability, (EIA, 2013).

Kazakhstan generates more than 80% of its total electricity from coal power plants. There was a
significant growth in energy demand and it is estimated to reach 120-180 TWh by 2030. The
industrial sector uses approximately 70% of the electricity, the residential sector accounts to 10%,
the commercial and service sectors account to 9%, transportation 6% and agriculture sector 2%
(Karatayev & Clarke, 2014).

The primary source of power generation in Uzbekistan is natural gas, which accounts for about
90% of the total power generation. The remaining 10% of the energy comes from hydropower. In
addition to meeting its own energy demand, Uzbekistan supplies a significant portion of the
energy generating capacity of the Central Asia Power System (CAPS). Uzbekistan is also supplies
electricity to Afghanistan (US Energy Information Agency, 2016).

Autoregressive distributed lag (ARDL), bound tests, and an error correction model (ECM) are
used to investigate the relationship among the variables.

Section 2 of this study summarizes the relevant literature; section 3 discusses data and
econometric methodology; section 4 includes econometric tests and results; and, section 5
presents the conclusion and recommendations.

1. Literature review

Electricity is a form of energy which is becoming more and more important in our lives because
of our dependency on it from performing our daily work, communication, education, healthcare
to entertainment related activities. We also need electricity to heat, our homes, light up our
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schools, empower our computers at offices, and power water pumps and machinery at factories.
Energy powers cars, planes, trains, buses and motorcycles. Electricity powers all of our modern
conveniences such as our laptops, air conditioners, smart phones and refrigerators. For the
developing countries energy shortages cause severe healthcare problems such as high infant
mortality, maternal death and shorter life expectancy, social problems like poverty, illiteracy, and
migration to urban centers (IEA, 2000).

Having affordable energy for industrial production and household use helps bring about economic
development. The World Bank Annual Report (2018) points out that while poverty continues to
decline, millions remains economically insecure. Lack of access to power, physical and
broadband infrastructure and connectivity slows down economic development, resulting in
poverty characterized by severe lack of basic human necessities, including food, drinking water,
health, housing, and education, causing high infant mortality, illiteracy, and rapid urbanization.

Many studies have looked into the relationship between energy consumption and economic
growth for both advanced countries and for the developing countries. These studies have resulted
with varying results due to data including different groups of countries at different economic
development levels, with different dependent and independent variables used, and different study
methodologies.

Paul and Bhattacharya (2004) studied the causal relationship between energy consumption and
economic growth in India between 1950 and 1996. They found that both energy consumption and
economic growth impact each other. Energy increases the return on labor, capital and other factors
of production, hence, fuels economic growth and, in turn, economic growth brings about higher
demand for production and consumption. Cheng (1999) found that energy consumption and
economic growth are cointegrated and economic growth drives energy consumption in both the
short-run and long-run. Asafu-Adjaye (2000) found that energy consumption drives economic
growth in India and Indonesia, while bidirectional Granger causality exists between energy
consumption and economic growth in Thailand and the Philippines.

Ozturk, Aslan, & Kalyoncu (2010) have studied 51 countries, arranged as low-income, lower-
middle-income and upper-middle-income countries, covering years between 1971 and 2005. They
found that there is a cointegration between energy consumption and economic growth
cointegrated for all groups. Their results indicate that there is long-run Granger causality running
from economic growth to energy consumption for low income countries and bi-directional
causality for middle income countries. Stern (2000) found cointegration in a relationship
including GDP, energy, capital, and labor. He concludes that energy is an essential driver for
economic growth.

Karagol, Erbaykal & Murat Ertugrul (2007) examined the relationship between economic growth
and electricity consumption in Turkey between 1974 and 2004. They found cointegration between
economic development and electricity use. Their results indicate a positive relationship in short-
run, but, an inverse relationship in long-run between the variables.

Gross fixed capital formation provides a basic foundation for economic activity. The location and
level of public investments can change both the well-being of the community as a whole and the
income distribution within a community. Infrastructure contributes to economic growth by acting
through both supply and demand. Gokirmak (2019) looked into the relationship between public
infrastructure investments and GDP in The United States for the period of 1960-2013. His results
suggest a positive relationship between public capital and industrial output. Results of this
analysis also shows some evidence of reverse causality--the argument that economic trends also
invite public investment. The results also support the argument that public capital actually
stimulates private investment.
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2. Data and econometric methodology

This study uses annual data from the World Bank database for Kazakhstan, Kyrgyzstan,
Tajikistan, and Uzbekistan from 1990 to 2018 to test causality among real output (GDP, constant
2010 USS$), electric power consumption (Elect), employment in industry (Emp), and capital
formation (Cap) in the long-run. The model can be illustrated as follows:

LGDP=g,, B Elect+f,Emp + f3Cap +u (1)

The Autoregressive Distributed Lag (ARDL) model is used as the econometric methodology
(Pesaran et al., 2001). The generalized ARDL (p, g) model is specified as follows:

Yii = Z?:layi,t-j +Z?:Oﬂijsxi,t—j T @ +6 (2

where Yit is the dependent variable, (Xi) isa K1 vector that are 1(0) or I(1) or cointegrated:

2 is the coefficient of the lagged dependent variable called scalars; P are Kx1 coefficient
vector; % is the unit-specific fixed effects; i=1..,N : t:112’---’-1_; P. A are optimal lag

orders: i is the error term.

For the purpose of the estimation, the ARDL model can be shown as follows:

LGDP=g,+B,Elect;_1+BEmp;_1+tf3Cap;_1+Y. ai AGDP;_; + Y, biEmp + . ciCap;_,+u;
3)

The statistical properties of the data under study should be determined in order to show and
explain the characteristics of each variable in the model. For this purpose, the descriptive statistics
is presented in the Table 1.

The stationarity levels of the variables were tested by using Im, Pesaran, and Shin panel unit root
tests. Although Pesaran et al. (2001) suggest that ARDL model is admissible even when the
variables are 1(0) or 1(1).

2.1. Unit root test results and optimum lag selection
Table 1 shows unit root test results for the variables used in this study.

Table 1. Results of the panel unit root test.

Series Im, Pesaran and Shin W-stat

Level First Differences
LGDP 0.92099 (082159 -1.89918 (0.0288)**
Electric use -2.97342 (0.0015)*
Employment 0.19535 (0.5774) -64.7218 (0.0000)*
Capital formation 5.20151 (1.0000) -4.40804 (0.0000)*

Note: Numbers in the parenthesis show the p-values.
*Significant at the 1% level.

**Significant at the 5% level.
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An optimal lag length is estimated, based on the appropriate and consistent information criteria,
the Optimized Loglikelihood (LogL), the Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), or Hannan-Quinn Information Criterion (HQ), in the ARDL model.
Asitis seeninthe Table 2, the most appropriate specification is ARDL (3, 3, 3, 3) since all criteria

have the least value in this case.
Table 2: Model Selection Criteria

Model | LogL AIC* BIC HQ Specification

9 271.450133 -4.975865 -3.416958 -4.348141 | ARDL(3, 3, 3,3)
3 264.252360 -4.580514 -3.248357 -4.044095 | ARDL(Z, 3,3, 3)
6 250.030187 -4.575407 -3.129874 -3.993335 | ARDL(2, 3,3, 3)
8 237.574454 -4.472976 -3.25494 -3.982210 | ARDL(3,2,2,2)
5 229.992343 -4.390629 -3.285221 -3.945515 | ARDL(2, 2, 2, 2)
2 219.780335 -4.247824 -3.255792 -3.848363 | ARDL(1, 2,2, 2)
7 212.128659 -4.163877 -3.285220 -3.810069 | ARDL(3,1,1,1)
4 203.361794 -4.054294 -3.289012 -3.746139 | ARDL(2,1,1,1)
1 191.586630 -3.875555 -3.223648 -3.613052 | ARDL(1,1,1,1)

2.2. Econometric tests and results
2.2.1. Panel ARDL results

ARDL method is used for the regression analysis even though unit root test showed stationarity
properties for the variables at 1(0) and I(1). Table 3 shows ARDL results for long-run equation.
The Table 3 shows that all independent variables, which are employment, electricity
consumption, and capital formation, affect GDP significantly. However, the coefficient of
electricity consumption has been found to be negative; this result is consistent with Karagol et al.
(2007) findings. Karagol et al. stated that there is a positive relationship between economic growth
and electricity consumption in the short-term; but there is an inverse relationship between the
variables in the long term. The electricity consumption is the main input in the development of
industry, but also a key factor in improving the life standards of individuals. The coefficients of
employment and capital formation are positive as expected; this means that increase in
employment and investment cause GDP to increase as predicted.

The short-term dynamics of the models in the ARDL method are represented by the error
correction mechanism. The coefficient of the error correction term is negative and significant;
this means that the short-run imbalances or shocks are eliminated in the long-run and the system
is converging to the long-run equilibrium. According to the ARDL results, only 34% of the short-
term imbalances are eliminated in each year.

Table 3. Panel ARDL Results: Dependent Variable D(LGDP)

Variable Coefficient Std. Error t-Statistics Prob.
Long Run Equation

EMP 4.53E.07 2.43E-08 18.67894 0.0000

ELECT -0.000196 6.45E-05 -3.038058 0.0040

CAP 1.98E-11 3.08E-12 6.438339 0.0000

ECM, , -0.344161 0.135483 -2.540257 0.0147
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where EMP, ELECT, CAP, and ECM, S how employment,
capital formation, and error correction mechanism respectively.

electricity consumption,

2.2.2.
The Dolado-Liitkepohl causality test is based on Toda and Yamamoto’s (1995) methodology,

Dolado-Liitkepohl Causality Test Results

which is augmented VAR(p+dmax)' In the Toda-Yamamoto (TY) causality test, the analysis
cannot be affected by the occurrence of unit root and cointegration relationship of the series. In
the TY model, after the optimal lag length (m) of the VAR model and the maximum stationary
degree are determined, a VAR (p + dmax) model is estimated.

To test the causality between two variables, the following bivariate VAR (k) model is constructed:

h+d 1+d
LGDP =, + Y B;LGDP_; + > &, Elect,_; +e,
i=1 j=1 (4)
h+d 1+d
Elect =a, + ) B, Elect_; + > 5,,LGDP_; +e,
= = ()

Where d is the maximum order of integration, h and d are the optimal lag length, € and € are

the error terms. For the bivariate VAR equation 4 (above), the null (Ho) and alternative (H)
hypothesis can be specified as follows:

0, =0
Ho. LGDP does not Granger cause Elect, if Z,=1 1

|
: 0, #0
H. | GD does Granger cause Elect, if Z,=1 L

The first step is to determine the estimation of the maximum order of integration (CA) in the
system. The results of the unit root test in the Table 2 indicate that the order of integration for all
variables, except elect, is one | (1). Dolado and Liitkepohl (1996) state that the causality test can

be utilized which is based on VAR analysis. Similar to the TY model, a VAR (p) model is
determined according to the criteria for the optimal length of selection. Then, the model is

estimated by adding an external lag VAR (P+1) and the WALD test is applied. Like all causality
tests, in this approach, it is very important to determine the optimal length. The lag length of the
VAR model has been determined as 2 by Akaike Information Criterion (AIC) and all other
information criteria support this lag length.

Table 4: VAR Length Selection Criteria

Lag | LogL LR FPE AIC sC HQ

0 |-3204.287 | NA 4.60e+36 95.769 95.90 95.821
1 [-2500.595 | 1302.356 | 5.59e+27 75.241 75.899% 75.5020
2 | -2469.539 | 53.768* 3.59e+27* 74.792* 75.976 75.260*
3 | -2460.679 | 14.281 4.50e+27 75.005 76.716 75.682
4 | -2445.459 | 22.717 4.72e+27 75.028 77.266 75.914
5 | -2437.012 | 11.597 6.17e+27 75.254 78.018 76.347
6 | -2420.379 | 20.853 6.466+27 75.235 78.525 76.537
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7 -2405.067 | 17.368 7.23e+27 75.255 79.072 76.766
8 -2385.178 | 20.185 7.34e+27 75.139 79.483 76.858

*indicates lag order selection by the criterion

LR: sequential modified LR test statistic (at 5% level),

FPE: final prediction error,

After VAR (2) model is predicted, the model is estimated by adding an external lag VAR (3) and
causality test is performed.

Table 5: Dolado-Liitkepohl Causality Test Results

Causality Chi-Square Probability
Elect 2 LGDP 15.18365 0.0005
Cap 2 LGDP 7.383836 0.00249
Cap 2 Emp 4,981015 0.0829

Table 5 shows that there is a causality running from electric consumption to real GDP since the
probability is lower than 5%, meaning that null hypothesis can be rejected. Another causality test
is performed between capital formation and real GDP and a unidirectional causality result has
been found. There is also a unidirectional causality between capital and employment. This result
confirms that capital accumulation is an important factor in countries’ GDP growth and
development.

Conclusion

This study examined electricity consumption, which was taken as a proxy of energy, employment,
and capital formation in determining real GDP for four Central Asian countries, Kazakhstan,
Kyrgyzstan, Tajikistan, and Uzbekistan using panel data analysis over the period 1990 to 2018.
The ARDL model was used to examine the long-run relationship among real GDP and energy
use, employment, and capital formation. According to the results, there is an inverse relationship
between real GDP and energy use, but there is a positive relationship between real GDP and other
independent variables, which are employment and capital formation in the long-run.

This study used the Dolado-Liitkepohl causality approach to observe the causality between
variables. The findings show that there is a unidirectional causality between energy use and real
GDP, meaning that there is a causality running from energy use to real GDP. Another causality
test was performed between capital formation and real GDP and a unidirectional causality result
also has been found. This result confirms that capital accumulation is an important factor in
countries' GDP growth and development.
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Genisletilmis Ozet

Ozet

Bu c¢aligmanin amaci, dort Orta Asya iilkesi i¢in enerji kullanimi, istihdam ve altyap1
yatirrmlarinin reel Gayri Safi Yurtici Hasila (GSYIH) iizerindeki etkilerini belirlemektir.
Kazakistan, Kirgizistan, Tacikistan ve Ozbekistan igin 1990-2018 donemi panel veri analizini
kullanarak Otoregressive Dagitilmis Gecikme modeli (ARDL) ile reel GSYIH, enerji kullanimu,
altyapr yatirnmlar1 ve istihdam arasindaki uzun vadeli iligkiyi aragtirmak igin kullanilmustir.
Sonuglar, reel GSYIH ile enerji kullanimi arasinda ters bir iliski oldugunu, ancak istihdam ve
altyap1 yatirimlart ile reel GSY1H arasinda pozitif bir iliski oldugunu géstermektedir. Degiskenler
arasindaki nedenselligin belirlenmesi i¢in Dolado-Liitkepohl Nedensellik Testi uygulanmstir.
Dolado-Liitkepohl test sonuglari, elektrik tiiketiminden reel GSYiH'ya dogru bir nedensellik
oldugunu géstermektedir. Altyap yatirimlari ile reel GSYIH arasinda da tek yonlii bir nedensellik
bulunmustur. Sonuglar ayrica altyap1 yatirimlarinin ile istihdam arasinda tek yonlii bir nedensellik
oldugunu gostermektedir. Sonuglar, bu iilkeler igin altyapi yatirimlarimin iilkelerin ekonomik
biiyiimesi ve gelismesinde dnemli bir faktor oldugunu dogrulamaktadir.

Giris

Kazakistan, Kirgizistan, Tacikistan ve Ozbekistan, Orta Asya'da bagimsizligini son donemde ilan
etmis devletlerdir. Deniz ve okyanuslara baglantisi olmayan bu llkeler, 1991'de Sovyetler
Birligi'nin dagilmasindan sonra ciddi ekonomik sikint1 yasamslardir. Bu Orta Asya iilkeleri, reel
olarak birbirlerine benzer bir Gayri Safi Milli Hasila biiyiimesi egilimi gostermektedirler.
Incelenen iilkelerin tiimii, bagimsizliktan sonraki birkag y1l boyunca ulusal gelirlerinde istikrarh
bir diisiis yasamis, ardindan genel ekonomik faaliyetlerde kademeli ancak siirekli bir artig
olmustur. Ancak Kazakistan, diger iilkelere gore biraz daha yiiksek bir ekonomik biiylime
yasamistir.

Bu devletlerin Sovyetler Birligi'nden ayrilmasinin ardindan kisi basina diisen enerji tiiketimi,
istikrarli bir diisiis gostermistir. Ancak, 1990’larin sonlarinda da ekonomik kosullarin
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iyilesmesiyle enerji tiikketiminde artma baglamistir. Kisi basina enerji tiiketimindeki en garpict
diisiis, Sovyetler Birligi'nden bagimsizligini kazandiktan sonra Kazakistan’da yasanmustir.,
Bagimsizliginim ilk on yilinda Ozbekistan’da da kisi basina diisen enerji tiikketiminde istikrarli bir
diisiis yagsanmistir. Ancak Tacikistan hala yavas bir diisiis asamasindadir.

Veri ve ekonometrik metodoloji

Bu calismada, uzun dénemde reel GSYIH ile elektrik tiiketimi (Elect), sanayide istihndam (Emp)
ve altyap1 yatirimlart (Cap) arasindaki nedenselligi test etmek icin, Kazakistan, Kirgizistan,
Tacikistan ve Ozbekistan i¢in Diinya Bankasi veri bankasindan alinan ve Diinya Kalkinma
Gostergelerinden elde edilen 1990-2018 yillar1 arasindaki donemi kapsayan yillik veriler
kullanilmigtir. Bu ¢alismada Otoregressif Dagilimli Gecikme Modeli (ARDL), siir testleri ve
bagiml ve bagimsiz degiskenler arasindaki iligkiyi aragtirmak i¢in bir Hata Diizeltme Modeli
(Error Correction Model [ECM]) kullanilmaktadir. Model asagidaki gibi gosterilebilir:

LGDP=,, B Elect+f,Emp + B;Cap +u (D)

Calismada kullanilan ekonometrik metodoloji, Pesaran ve digerleri (2001) tarafindan sunulan
Otoregressif Dagilimli Gecikme Modeli’'nden (ARDL) tiiretilmistir. Genellestirilmis ARDL (p,
q) modeli agagidaki gibi tamimlanmgtir:

Yie = Z?:layi,t—j +Z?zoﬂ§xi,t—j + @+ € (2)

Modeldeki bagimli degisken Yit| (%) I (0) veya I (1) veya esbiitlinlesik bir kx1 vektdrdiir:

% skalar olarak adlandirilan gecikmeli bagimli degiskenin katsayisidir;, By kx1 katsay1

vektoriidiir; # tiniteye 6zgii sabit etkiler; i=1..,N ; t:1'2""’-'-; P.Q optimal gecikme

terimleri; €t ise hata terimidir.

ARDL modeli agsagidaki gibi gosterilebilir:

LGDP=g,+B;Elect;_1+BEmp;_1+f3Cap;_1+Y. ai AGDP;_, + Y, biEmp + . ciCap;_,+u;
3

Bu asamada, incelenen verilerin istatistiksel 6zellikleri, modeldeki her bir degiskenin 6zelliklerini
gostermek ve aciklamak i¢in belirlenmelidir.

Ekonometrik Testler ve Sonuclar
Panel ARDL Sonuclari

Birim kok testi degiskenlerin duraganlik 6zellikleri 1(0) ve I(1) olsa bile ARDL testi regresyon
analizi i¢in kullanilir. Uzun siireli denklem icin ARDL sonuglarinin 6zetlendigi. Tablo 3,
istihdam, elektrik tiiketimi ve sermaye olusumu olan tiim bagimsiz degiskenlerin GSYH'yi 6nemli
Olgiide etkiledigini gostermektedir. Ancak, elektrik tiiketim katsayisi negatif olarak
goziikmektedir; bu sonu¢ Karagol ve digerleri (2007) bulgulari ile uyumludur. Karagol ve
digerleri kisa vadede ekonomik biiyiime ile elektrik tiikketimi arasinda pozitif bir iligki oldugu
halde; uzun vadede degiskenler arasinda negatif bir iliski oldugunu gostermislerdir. Elektrik
titketimi, sanayinin gelismesinde ana girdi olmakla birlikte, ayn1 zamanda bireylerin yasam
standartlarmin iyilestirilmesinde de 6nemli bir faktdrdiir. Istihdam ve sermaye olusumu

348



Gokirmak, H. — Sekmen, F. 55(1), 2020, 337-350

Katsay1lar1 beklendigi gibi pozitiftir; bu da istihdam ve altyap: yatirimlaridaki artisgin GSY IH'nin
artmasina neden oldugu anlamina gelir.

ARDL yontemindeki modellerin kisa vadeli dinamikleri, hata diizeltme mekanizmasi ile
gosterilir. Hata diizeltme teriminin katsayis1 negatif ve anlamlidir; kisa vadede olusan
dengesizliklerin veya soklarin uzun vadede ortadan kaldirildig: ve sistemin dengeye yakinlagtigi
anlamina gelir. ARDL sonuglarina gore, kisa vadeli dengesizliklerin sadece %34't her y1l elimine
edilmektedir.

Panel ARDL Sonuclari: Bagimh Degisken D(LGDP)

Degisken Katsay1 Std. Hata t-Istatistik Olasiik
Uzun Vade Denklemi

EMP 4.53E.07 2.43E-08 18.67894 0.0000

ELECT -0.000196 6.45E-05 -3.038058 0.0040

CAP 1.98E-11 3.08E-12 6.438339 0.0000

ECM, , -0.344161 0.135483 -2.540257 0.0147

EMP, ELECT, CAP ve ECMi1 girasiyla istihdam, elektrik tiiketimi, sermaye olusumu
ve hata diizeltme mekanizmalari.

Dolado-Liitkepohl Nedensellik Test Sonuclar:
Dolado-Liitkepohl

dayanmaktadir ve VAR (P+0)- artirllmistir. Toda-Yamamoto (TY) nedensellik testinde
analiz, serinin birim kokii ve esbiitlinlesme iligkisinin varligindan etkilenemez. TY modelinde,
VAR modelinin optimal gecikme uzunlugu (m) ve maksimum duraganlik derecesi belirlendikten
sonra, bir VAR (p+dmax) model tahmin edilir.

ZI,-=1511 =0
z'j:lalj £0

[k adim, sisteme maksimum entegrasyon biiyiikliigii (i) tahminini belirlemektir. Asagidaki
tablodaki birim kok testinin sonuglari, elektrik tiiketimi harig, tiim degiskenler i¢in entegrasyon
sirasinin 1(1) oldugunu gostermektedir. Dolado ve Liitkepohl (1996), VAR analizine dayanan
nedensellik testinin kullanilabilecegini belirtmektedir. TY modeline benzer sekilde, en uygun

nedensellik testi, Toda ve Yamamotonun (1995) metodolojisine

Ho: LGDP Granger'e neden olmaz, eger

H.: L Gpp Granger'e neden olur, eger

se¢im uzunlugu kriterlerine gore bir VAR (P) modeli belirlenir. Daha sonra, model harici bir

gecikme VAR (P+1) eklenerek tahmin edilir ve WALD testi uygulanir. Tiim nedensellik
testlerinde oldugu gibi, bu yaklagimda en uygun uzunlugu belirlemek ¢ok onemlidir. VAR
modelinin gecikme uzunlugu Akaike Bilgi Kriteri (AIC) tarafindan 2 olarak belirlenmistir ve
diger tim bilgi kriterleri bu gecikme uzunlugunu desteklemektedir.

VAR Uzunluk Secim Kriterleri

Lag | LogL LR FPE AIC SC HQ

0 -3204.287 | NA 4.60e+36 95.769 95.90 95.821
1 -2500.595 | 1302.356 5.59e+27 75.241 75.899* 75.5020
2 -2469.539 | 53.768* 3.59e+27* 74.792* 75.976 75.260*
3 -2460.679 | 14.281 4.50e+27 75.005 76.716 75.682
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4 -2445.459 | 22.717 4.72e+27 75.028 77.266 75.914
5 -2437.012 | 11.597 6.17e+27 75.254 78.018 76.347
6 -2420.379 | 20.853 6.46e+27 75.235 78.525 76.537
7 -2405.067 | 17.368 7.23e+27 75.255 79.072 76.766
8 -2385.178 | 20.185 7.34e+27 75.139 79.483 76.858

* kriterlere gore gecikme sirasi segimini gosterir.

LR sirali olarak degistirilmis LR test istatistigidir (her test %5 seviyesinde), FPE nihai tahmin
hatasidir, AIC Akaike bilgi kriteri, SC Schwarz bilgi kriterid ve HQ Hannan-Quinn bilgi kriteridir.

VAR (2) modeli tahmin edildikten sonra, bir dig gecikme VAR (3) eklenerek model tahmin edilir
ve nedensellik testi yapilir.

Dolado-Liitkepohl Nedensellik Test Sonuclar:

Nedensellik Chi-Square Olasilik
Elect — LGDP 15.18365 0.0005
Cap —» LGDP 7.383836 0.00249
Cap —» Emp 4.981015 0.0829

Yukaridaki tablo elektrik tiiketiminden ger¢ek GSYIiH'ya uzanan bir nedensellik oldugunu
gostermektedir, ¢linkii olasilik %5'ten diistiktiir, yani null hipotezin reddedilebilecegi anlamina
gelir. Sermaye olusumu ile reel GSYIH arasinda da nedensellik testi gerceklestirilmis ve tek yonlii
bir nedensellik sonucu bulunmustur. Sermaye ile istihdam arasinda da tek yonlii bir nedensellik
vardir. Bu sonug, sermaye birikiminin iilkelerin GSYIH biiyiime ve gelismesinde 6nemli bir
faktor oldugunu dogrulamaktadir.

Sonug¢

Bu ¢alisma, 1990-1998 déneminde ARDL modeli panel veri analizini kullanarak dort Orta Asya
iilkesi, Kazakistan, Kirgizistan, Tacikistan ve Ozbekistan, icin reel GSYIH'nin belirlenmesinde
enerji, istihdam ve altyapi yatirimlarinin etkisini incelemistir. Test sonuglarindan, reel GSYIH ile
enerji kullamim arasinda ters bir iligkinin var oldugu, ancak reel GSYIH ile istihdam ve altyap:
yatirimlari arasinda pozitif bir iliskinin var oldugu gézlemlenmistir.

Bu caligmada Dolado-Liitkepohl nedensellik yaklasimi, degiskenler arasindaki nedenselligi
gdzlemlemek icin, kullanmustir. Bulgular, enerji kullanimi ile reel GSYIH arasinda tek yonlii bir
nedensellik oldugunu, yani enerji kullammindan gercek GSYIiH'ya giden bir nedensellik
oldugunu gostermektedir. Altyap: yatirimlari ile reel GSYIH arasinda da baska bir nedensellik
testi yapilmuis ve tek yonlii bir nedensellik sonucu bulunmustur. Bu sonug, altyapi yatirimlarinin,
iilkelerin GSYIH biiyiime ve gelismesinde énemli bir faktér oldugunu dogrulamaktadir.
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