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Abstract  

 

Energy consumption and economic growth in Kyrgyz Republic 

 

 

Ularbek Niiazaliev  

Technology Management, Economics and Policy Program  

College of Engineering  

      Seoul National University 

 

 Researchers from the different countries have been involved in the study of causality 

between energy consumption and economic growth, since 1969. Though in case of Kyrgyz 

Republic, this issue was not plenty researched, main reason is data limitation.  

 This study tries to determine existence or absence of causality between electricity and oil 

consumption with economic growth in the Kyrgyz Republic. Annual energy consumption data, 

was used which includes electricity and oil from one side, from another GDP per capita. But 

because of data limitation, used a data from 1990 (since Kyrgyz Republic become independent 

state) to 2011.  

Empirical analyze was used such as the Granger causality test from vector error-

correction model, augmented Dickey-Fuller and Phillips-Perron tests, unit root test and 

cointegration test.  

The results show existence of unidirectional causality in short and long terms running 

from the GDP to the oil consumption and bidirectional causality in short and long run between 

electricity consumption and economic growth in the Kyrgyz Republic. 
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 Chapter 1. Introduction 

 

Idea of determination of the relationship between energy consumption and economic 

growth appeared in the 1970-1980 after Granger’s study about causality between them. The 

research whether economic growth affects to the energy consumption or the opposite is doing 

even now. For the policy makers it is important issue, in order to construct energy policy in the 

region, whether energy saving measures can affect to the economic growth or not. Energy policy 

makers should choose right policy, in accordance with results of the study. Determination of the 

causality direction can provide with information should government save energy in the aim of the 

economic growth, or energy saving policy can hinder economic growth in the republic.  

In this study the Granger causality test, cointegration test and vector error correction 

model were used to determine the existence of short and long run relationship and direction of 

causality of energy consumption and economic growth. 

The empirical findings can be separated into 7 parts: 

 

 No causality (GDP - EC, GDP - OC) or “Neutrality hypothesis” – no causality between 

electricity, oil consumption and economic growth 

 Unidirectional causality running from electricity consumption to economic growth (EC → 

GDP) or “Growth hypothesis”; 

 Unidirectional causality running from oil consumption to economic growth (OC → GDP) 

or “Growth hypothesis” 
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 Unidirectional causality running from economic growth to electricity consumption (GDP 

→ EC) or “Conservation hypothesis” 

 

 Unidirectional causality running from GDP to oil consumption (GDP→ OC) or 

“Conservation hypothesis” 

 

 Bidirectional causality between electricity consumption and economic growth (EC ↔ 

GDP) or “Feedback hypothesis” shows simultaneous interaction between electricity 

consumption and economic growth. 

 

 Same with oil consumption and economic growth (OC↔GDP) “Feedback hypothesis” 

 

Results of the study can give important information for the future energy policy in the 

Kyrgyz Republic. For example, energy saving policy can hinder economic growth if there is 

unidirectional causality running from the electricity or oil consumption to economic growth, 

when unidirectional causality running from the economic growth to the energy consumption may 

have positive effect on economic growth or no effect at all. And when we have bidirectional 

causality between energy consumption and economic growth 

Although the methods of cointegration and causality have been adopted by many 

countries, the study on Kyrgyz Republic’s energy economy is still in its infancy. 
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Chapter 2. Literature review  

This chapter describes main researches on causality between Energy consumption and 

Economic Growth among different countries with different energy sources and economic 

development in the world.  

Different researches on causality between Energy consumption and Economic Growth of 

the countries depend on the level of economic development and energy sources as well. But 

mainly differentiations among them consist from the different variables and time period of that 

history period. Depending on energy consumption impact to the economic growth, works can be 

separated to the long-time period issues and short-time issues. Using results of the researches 

with clear vision what kind of causality exist between energy consumption and economic growth 

policy makers can choose applicable policy tools in order to increase positive effects of the 

energy policy in the area.  

Nowadays most popular tools for scholars in this area are Granger causality cointegration, 

vector error correction model, which is used to analyze the causal relationship between energy 

consumption and economic growth of the county. But before founding Granger test, scholars 

used to analyze the causality with simple log-linear model and calculated by the ordinary least 

square (OLS) method and the variables affinities of time series were not concerned.  

However, mostly scholars tried to find vector of the causal relation between energy 

consumption and economic growth for selected countries with different economic development 

using different tools, although we got different results. Main differentiation between these works 

is absence or existence of the causality between energy consumption and economic growth, thus 

and so this chapter was divided in two parts: 



6 
 

 Existence of (unidirectional, bidirectional) causal relationship.  

 Absence of causal relationship.  

 

 

2.1.1 Existence of a (unidirectional, bidirectional) causal relationship. 

 

According to the scholars there are countries, where causality between energy 

consumption and economic growth exists. Some country’s causality goes from the energy 

consumption to economic growth, and other countries have opposite causality between economic 

growth and energy consumption.  In this chapter will be discussed issues, which consist from the 

existence of causality between energy consumption and economic growth in different countries.  

The causal relationship between energy consumption and GNP in the United States of 

America in the period 1947-1974 was first found by Kraft and Kraft (1978) which showed 

unidirectional causality running from GNP to energy consumption. According to this issue, was 

found that energy conservation measures do not affect the economy negatively. Scholars used 

cointegration and causality methods as an analytical tool to determine the relationship between 

energy consumption and economic growth of the country, which was offered by Granger (1969), 

this method, become most widespread analytical tool in this kind of research areas. Later same 

result, but using monthly data Akarca and Long (1979) in the period of 1973-1978 in United 

States also found unidirectional causality between energy consumption and GNP. They estimated 

the long-run elasticity of total employment with respect to energy consumption.  
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In case of Asian countries, Asafu-Adjaye (2000) found the causal 

 

 

 relationships between energy use and income in four Asian countries. In this issue 

scholar include except economic growth and energy consumption price as a third variable. In the 

result researcher conclude that unidirectional Granger causality runs from energy use to income 

for India and Indonesia, when bidirectional Granger causality runs from energy to income for 

Thailand and the Philippines. In the long term perspective for India and Indonesia exist 

unidirectional Granger causality running from energy consumption and prices to income for India 

and Indonesia. When for Thailand and Philippines energy consumption, income and price are 

bidirectional causal. In the casual chain price affect less significant causal chain. In general issue 

do not support the aspect that energy and income are neutral with respect to each other, with the 

exception of Indonesia and India where neutrality is observed in short run.  

Masih and Masih (1996) observed cointegration for India, Indonesia and Pakistan and no 

cointegration for Singapore, Malaysia and the Philippine between GDP and energy consumption 

with the vector correction model (VECM). And the unidirectional causality was found in India 

running from energy consumption to GDP, and opposite causality in Indonesia running from 

GDP to energy consumption, and finally in case of Pakistan bidirectional causality was found. 

The Philippine, Malaysia and Singapore were tested by VAR method and causality was not found 

among those countries.  

Aqeel and Butt (2001) issued the causal relationship between economic growth, 

employment and energy consumption in Pakistan and found unidirectional causality running 
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from economic growth to energy consumption. Later authors checked relationship between 

economic growth with several type of energy consumption and found unidirectional causality 

between from economic growth to petroleum consumption, also no causality between economic 

growth and gas consumption, and discovered unidirectional causality running from electricity 

consumption to economic growth.  

The causality between energy consumption and economic growth in Singapore and South 

Korea were issued by Glasure and Lee (1997). Using of VAR model helped to discover 

unidirectional Granger causality in the case of Singapore running from energy consumption to 

GDP and no Granger causality in case of South Korea. However bidirectional causality for both 

countries was found by adopting cointegration and error corrections models (ECMs).  

Later Oh, W., Lee, K. (2004) discovered bidirectional causality between energy 

consumption and economic growth of South Korea in the long term and unidirectional causality 

running from energy consumption to economic growth in short term for the period 1970-1999. 

Scholars used the Divisia aggregate instead of the conventional energy aggregate and VECM 

rather than the VAR model.  

The energy and economy relationship issues of the G-7 countries and the top 10 emerging 

economies were studied by Soytas and Sari (2003). The results showed the existence of 

unidirectional causalities running from GDP to energy consumption in Italy and South Korea, 

and from energy consumption to GDP in Germany, France, Japan and Turkey and bidirectional 

causality for Argentina.  

China was not included in previous research, but Lin (2003) discovered unidirectional 

causality from electricity consumption to GDP within period of 1978-2001. But Shiu and Lam 
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(2004) researched the period of 1971-2000 and found unidirectional causality running from GDP 

to electricity consumption.   

Jumbe (2004) investigated the causality relationship between GDP, agricultural GDP, 

nonagricultural GDP and electricity consumption in Malawi in the period of 1970-1999. Error 

correction model showed a bidirectional Granger causality between electricity consumption and 

GDP and unidirectional Granger causality between electricity consumption and GDP and an 

unidirectional Granger causality nonagricultural GDP and electricity consumption.  

Lee (2005) used panel cointegration and panel-based error correction models to find the 

causality between the energy consumption of 18 developing countries in period of 1975 - 2001. 

The results showed long-term and short term causalities running from energy consumption and 

economic growth. It implied that energy conservation policies could damage the economic 

growth of most of inspected developing countries.  

Lee and Chang, (2005) issues the relationship between energy use and GDP in Taiwan in 

the period of 1954-2003. Scholars found that different directions of causality exist between GDP 

and various kinds of energy consumption. The empirical result shows unanimously that in the 

long run energy acts as an engine for economic growth, and that energy conservation may harm 

economic growth.  

In case of Turkey, Altinay and Karagol (2005) got problems with data providing from the 

1970 period, what can be reason of the problems in analyzing part of their work. Therefore, they 

used different approaches to check causality: the Dolado – Lutkepohl test using the VARs in 

levels and the Granger causality method for de-trended data. As a result, they obtained 

unidirectional causality running from electricity consumption to GDP which indicated the 



10 
 

importance of electricity supply to contribute to the economic growth in Turkey in the period of 

1950 - 2000. 

Wolde-Rufael (2005) analyzed the causality between energy consumption and GDP in 19 

African countries within the period of 1971-2001. He obtained causal relationships only for 12 

countries and long-term connections for 8 countries. 

In the case of Bangladesh the causal connections between the electricity consumption per 

capita and the GDP per capita were studied by Mozumder and Marathe (2007), who applied 

cointegration and VECM approaches, and found unidirectional causality running from GDP per 

capita to electricity consumption per capita what means necessity of employment of energy 

conservation policies to sustain economic growth in Bangladesh.   

The analysis for the causal relationship between energy consumption per capita and GDP 

per capita for 11 OPEC countries was researched by Mehrara (2007). The results obtained the 

unidirectional and strong causality from GDP to energy consumption for OPEC countries. The 

governments of most of these countries make the domestic price lower than market price 

resulting in an increase in energy consumption. Thus, the government’s policies on conservation 

do not harm to the economic growth of these countries.  

Chebbi and Boujelbene (2008) examined the causal linkage between energy consumption 

and agricultural and nonagricultural outputs in Tunisia in period of 1971-2003. In their study, 

they used ADF and PSS (Kwiatkowski et al 1992), Johansen cointegration test and VECM. The 

findings showed there is only a unidirectional causality running from agricultural and non- 

agricultural sectors to energy consumption, which implies that sectoral growth leads to increases 

in energy consumption.  
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2.1.2 Absence of a (unidirectional, bidirectional) causal relationship. 

 

In this part described several cases with no causality between energy consumption and 

economic growth. Researches about no causality between GNP and different kinds of energy 

consumption have been issued European countries such as United Kingdom, Germany, Italy, 

Canada, France as well as by Japan. Yu and Choi (1985) discovered no causal linkages for the 

USA, UK and Poland. But in case of South Korea they found causality running from GDP to 

energy consumption and causality for Philippine running from energy consumption to GDP.  

Several developed countries were observed by Erol and Yu (1987) in the period of 1950-

1982 and causality between energy and output was obtained, but within the years of 1950-1973 

no casual connection was found. By using monthly data, Yu and Jin (1992) checked the 

cointegration between energy and GDP and found no long term connection among them.  

Using the multivariate approach instead of bivariate was started by Stern (1993). Energy, 

GDP, capital and labor was used to check the Granger causality between energy and GDP in the 

post-war United States. Scholar applied a multivariate vector autoregressive analysis and also 

used weighing measure of energy (by changing low quality - coal to high quality electricity 

instead of using the total energy itself). Using the total energy with various causality tests no 

Granger causality was found but with weighting the Granger causality existed.  

After applying the bivariate model no relationship between energy use and income way) in the 

United States was discovered by Cheng (1995).  The same result of no relationship occurred by 

employing the multivariate model.   
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Chapter 3. Energy overview 

 

 

This chapter will describe the Kyrgyz Republic’s energy sectors’ main aspects, problems, 

and future plans to develop energy sphere as well as background information about Kyrgyz 

Republic and final energy users.  

 

 

3.1. Background  

 

Kyrgyzstan is a state in north-eastern Central Asia, mainly in western and central Tien 

Shan. It is bordered on the north by Kazakhstan, on the west with Uzbekistan, on the south-west 

with Tajikistan and in the south-east and east with China. To date, the dominant sector of the 

Kyrgyz’s economy is agrarian industry. Agriculture produces mainly cotton, tobacco, wheat, 

wool and meat, of which a good demand tobacco and cotton. The country has gold and uranium 

deposits, a small amount of natural gas, rich coal reserves, and produces electricity.  

From the very beginning of its independence Kyrgyzstan was progressive in 

implementing market reforms, such as improving the regulatory system and land reform. Also, 

Kyrgyzstan became the first country from the Commonwealth of Independent States (CIS), 

which was incorporated into the World Trade Organization. Production came to a very strong 

decline with the collapse of the Soviet Union in December 1991, but by mid-1995 however, 

production began to gradually recover and exports began to grow. To date, economy heavily 



13 
 

depends on gold mining so much so the decline in production in the gold mine Kumtor in 2002 

led to a decline in GDP by 0.5% and 0.6% in 2005.  

The government is trying to achieve success in the struggle with the budget deficitand 

would have succeeded in 2006 but the following year expenditures exceeded revenues of 20%. 

The government and international financial institutions involved in the comprehensive medium-

term poverty reduction and growth strategy. In 2005, Bishkek agreed to pursue much-needed tax 

reform, and in 2006, became eligible for the poor countries (HIPC) initiative. Due to political 

instability and stormy debates, the country refused to join the HIPC program. Beating corruption, 

further reorganization of domestic industry, attracting foreign investment, and stabilizing the 

political situation are important elements to the nations’ future growth. Higher gold prices on the 

international level in 2007-08 helped GDP to grow by more than 6% annually, but growth is 

likely to decline from this level in 2009 due to lower demand and commodity prices lower as a 

result of the international financial crisis. 

 

 

 

 

 

 

 

______________________________________________________________________________ 

The data are generally taken from  “The World Factbook”, URL: https://www.cia.gov/library/publications/the-world-

factbook/index.html 

https://www.cia.gov/library/publications/the-world-factbook/index.html
https://www.cia.gov/library/publications/the-world-factbook/index.html
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Table 1. General Country Profile 

Geography 

Area, total 199,900km
2 

Capital (and the largest city) Bishkek 

Terrain 90% mountainous, with some desert regions 

People 

Population (2009 estimate) 5,482,000 

Urban population 36 % of total population (2008) 

Literacy 98.7 % of total population 

Education expenditures 4.9% of GDP (2005) 

Economy 

GDP (purchasing power 

parity) 

$11.64 billion (2008 est.) 

Population below poverty line 40% (2004 est.) 

Budget Revenues: $1.274 billion 

Expenditures: $1.231 billion (2008 est.) 

Source: The World Factbook   

(https://www.cia.gov/library/publications/the-world-factbook/index.html 

 

 

https://www.cia.gov/library/publications/the-world-factbook/index.html
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3.2. Electricity  

 Since Kyrgyz Republic is located among mountains and rich with glaciers and rivers, 

hydropower is more widespread. During the USSR period Kyrgyz Republic was a part of energy 

ring and its main role was as an oil and gas consumer. All hydropower plants were targeted to 

support a frequency in the main lines and were emergency electricity supplier in the region if 

conventional power plants were out of order. These are main reasons why electricity in Kyrgyz 

Republic is mainly produced by hydro power plants. Kyrgyz Republic does not have many fossil 

fuels, but country has big hydro power potential, and during Soviet period its potential was 

successfully used in hydro power plants construction.  

 Almost all Power Plants belong to the JSC “Power stations” while very few of them are 

private. After the collapse of the USSR all energy systems were combined under one Energy 

holding, but after energy reform the system was separated to the three main energy companies,.  

All power plants were combined into one JSC “Power stations” and all grid systems belonged to 

the JSC “National Electric Grid” anddistribution companies.  

 In the Kyrgyz Republic there are 17 power plants with installed capacity 3,68 billion 

kW/h in total; 15 from them working on water power with installed capacity 2,95 billion kW/h 

and 2 only are conventional power plants with installed capacity 0,73 kW/h.  Main parts of 

hydropower stations are situated in the basin of the Naryn River.  

The biggest power plant in the Kyrgyz Republic is Toktogul Hydro Power Plant which is 

located on the south of the republic along the Naryn River. The reservoir was created in 1976 

after construction works on the dam were completed and the Kementub Valley was flooded. The 

reservoir flooded more than 26 thousand hectares of land, of which 21.2 thousand hectares of 

http://en.wikipedia.org/w/index.php?title=Kementub_Valley&action=edit&redlink=1
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arable land. A total of 26 communities including large settlement Toktogul were displaced and 

the main road through the region was re-routed. Annual electricity production of this power plant 

is 4400 GW/h.  

Another hydro power plant also located on the Naryn River area called Kurpsay HPP 

which harbors a 113m dam.  This plant has been in operation since 1976 with installed capacity 

800 MW and has four turbines.  Annual electricity production of this power plant is 2,63 billion 

kWh.  

Atbashy HPP is located on the one of the inflows of the Naryn River. Atbashy HPP with 

installed capacity 40MW was in affect circa December of the 1970. HPP is located in highlands 

of the Naryn district on the Atbashy river.    Atbashy HPP was constructed as a pilot project in 

order to get experience in constructing HPP on the highlands; 1900 meters above sea level. HPP 

has 4 hydro gear cases with 10000 kW each, annual capacity of the HPP is 130 – 160 million 

kWh.  

Tashkumyr HPP also one of the Naryn cascade HPPs, located along the Naryn river. 

Tashkumyr HPP is high-pressure hydro power station with gravity concrete stone dam and 

building of the hydro power plant. HPP is located in the narrow mountain ravine. First gear case 

was in commission by the 1985, second in the 1986, and third in the 1987. Kurpsay and 

Shamaldysay HPP are located on the same river and have almost the same characteristics as 

previous HPPs. Territory of the Kyrgyz Republic is most profitable for HPP construction, narrow 

and deep ravines are perfect to build dams. The existence of glaciers is support with large amount 

of rivers both big and small.  
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Absence or difficult availability of the fossil fuels forced the Kyrgyz government to 

concentrate on the energy policies of the hydro power stations. To date almost 93% of the 

electricity is produced by hydro power stations
1
.  However old equipment and lack of funds 

becomes one of the biggest problems in the energy industry of the Kyrgyz Republic. Another 

problem in the energy sector is loss of electricity. The peak level of the electricity losses was in 

the 2005 when share of the losses in the system was 40.6% (table 2). This table consists from the 

technical losses and National Electric Grid’s losses, in other words it is resistance in the lines, 

and another main part of the table is a commercial loss, meaning debts of the consumers or 

electric larceny. Table covers time period between 2002-2011 only.  

 In the beginning of the 2000s level of the commercial losses was too high, main reasons 

being poor population and an outdated accounting system. Because of this poor system of 

accounting people began to find ways to steal electricity. But after implementation of the energy 

saving policy the level of the commercial losses decreased significantly (table 2).  During this 

period all old electricity accounting system were changed to the new system, and result was 

obvious, from the highest point of 21.5% commercial losses decreased until 2.5%.  

But technical losses were constantly increasing due wear and tear of the grid system.  

During the last decade works in this direction has improved and energy companies have tried to 

fix this problem. Unfortunately the grid system is too wide and since Kyrgyz Republic does not 

have its own metallurgy industry, companies have to purchase grid equipment from the 

neighborhood countries. JSC “National Grid System of the Kyrgyz Republic” has 6642 km of 

110-500kW high voltage power lines, and 4613 km of the 35kW high voltage power lines, and 

                                                           
1
http://www.factbook.org/factbook/kg.shtml 

http://www.factbook.org/factbook/kg.shtml
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190 high voltage substations (110-500 kW) and 334 high voltage substations with capacity 35 

kW. When distribution companies have 50700 km of distribution power lines (0,4-6 – 10 kW) 

and 23689 substations (6-10/0,4 kW). 

 

 

 

 

Graph 1, Electricity losses 

 

Since 1990 electricity consumption is increasing year by year, mainly it related with the 

gas supply cuttings and it cost, population and industry prefer use electricity as an energy sources, 

since easy accesses and low prices. And graph 2, can show rise of the electricity consumption 

each ten years.  In the 1990 the share of the electricity was only 26% from the whole energy 

General losses     Technical losses 

Commercial losses    Technical losses of the NEGK 
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consumption, but after 11 years in 2001, share of the electricity increased until 33,2% from the 

total energy usage in the Kyrgyz Republic. And finally in 2011, the share of the electricity 

become 70,2%, this result have positive character, because all electricity is produced in the 

Kyrgyz Republic, and we can consider that Kyrgyz Republic become more energy independent 

from the neighborhood fossil fuel rich countries.  
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Graph 2, Electricity consumption 
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2.2.1. Electricity export 

 Thanksgiving to the Central Asian energy ring, which connects Kyrgyz Republic, 

Republic of Uzbekistan and Republic of Kazakhstan, Kyrgyz Republic was able to import most 

of its electricity to neighboring countries.  

 According to the government policy electricity export is an important indication of energy 

development, despite export decline in comparison with the end of the 1990s and beginning of 

the 2000. (table 3). Main importer of the Kyrgyz electricity are neighborhood countries; 

Uzbekistan, Kazakhstan, Tajikistan and sometimes Russia. Whenever Kyrgyz Republic does not 

have common borders with Russian Federation, electricity is exporting across Kazakhstan. Since 

Kazakhstan’s energy power mainly located on the north part of the country and most part of the 

population is located on the south part, Kyrgyz republic supply electricity to south part of the 

Kazakhstan even though Kazakhstan supplies the same amount electricity to the south part of the 

Russian Federation from their own Power Plants. The only difference is Kyrgyz republic gets 

money from the Russians for such a service.   

 According to the graph (table 3) we can notice that Uzbekistan used to be the main 

exporter of Kyrgyz electricity but after successful energy reforms were implementated between 

1999-2003, electricity production increased in Uzbekistan, and import of the electricity decreased.  

In recent times the main exporter of the Kyrgyz electricity is Kazakhstan but exports decreased 

from the 2002 when electricity export was 3.37 million kWh to 43.47 million kWh in 2011. 

Tajikistan and Russia were not stable and significant electricity exporters because Russia too far 

and has no obvious electricity deficit and Tajikistan started construction of their own Power 

Plants. Even Kazakhstan started to construct big conventional power plant on the south of the 
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country. One of the ways of the Kyrgyz Electricity industry is able to provide electricity 

frequency in the system for our neighbors is due to the fact that Kyrgyz Republic has mainly HPP 

which are more maliable than conventional power plants. Also start time is significantly shorter 

than CPP start time, providing electricity frequency is priority direction for the future electricity 

industry of the Kyrgyz Republic.  
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Graph 3. Electricity export 

Kazakhstan  Uzbekistan  Tajikistan   Russia   Total 
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3.3. Coal production  

Kyrgyz Republic does not have a big coal reserves but are a lot of coal 

mines on the territory of the country. Reserves of the coal over 1.3 billion 

tons though most of them are not developed by the coal companies. Since all 

thermal power plants were constructed in USSR period of time and were 

designed for coal from the Kazakhstan, the coal industry was not very well 

developed. But anyway coal industry is major sector of the Fuel-Energy 

Complex in the country. Coal reclamation is regulated by the Law on coal, 

Law on mineral resources and Program of development of the coal sector of 

the Kyrgyz Republic till 2015.   

Coal is mainly used in thermal power plants in order to get electricity, 

but only in small boilers of the factories or public buildings because as 

mentioned before biggest thermal power plant was designed only for Kazakh 

coal. Local coal is used in the small heating system and small thermal power 

plants.  

In the Kyrgyz Republic about 70 mines with preliminary reserve about 

323.9 million tons. Coal mines are located all over the Kyrgyz Republic, in 

the Jalal district there is 184.9 million tons as a general reserves and 48.8 

million tons preliminary. In the Osh district reserves of the coal consist 140 

million tons of the coal and preliminary reserves is 26.1 million tons. The 
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Batken district has a reserve 256.8 million tons and 26.1 million tons are 

preliminary reserve of the coal. All those districts are located on the south 

part of the country, and Issykkul district has reserves 16.4 million tons of 

coal and preliminary 5.6 million tons.  And the biggest reserve in the Naryn 

district has 399.6 million tons of coal and 155.4 million tons as preliminary 

reserves.  

Since getting independent Kyrgyz Republic’s coal industry decreased 

level of production several times (table 4). Mainly it is related with losing all 

economic connections with other countries, because in USSR period of time 

all countries were interconnected with each other and used to have strong 

economic ties. But afterwards negotiations become too difficult and almost 

all contracts were lost.  
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Graph 4. Coal production volumes (thousand tons) 

 

2.4. Gas and oil.  

 Kyrgyz Republic mainly imports oil and gas from neighborhood 

countries. There are own reserves of the gas and oil; however exploration of 

them is expensive and technically difficult, because of hard reaching territory.  

 As shown in the graph #, consumption of the natural gas decreased, 

which shows direct connection with the cost for natural gas. Main customers 

of the natural gas are industry of the Kyrgyz Republic, but after price 

increasing, industry has to use alternative fuel and consumption decreased in 

2009-2010 as we can see in the graph #.  
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 Main problems of the natural gas industry is the fluctuation of the gas 

price, Kyrgyz Republic’s industry too dependent on the gas price, since gas is 

one of the main price components in the production. Another problem of the 

gas industry is technical and commercial losses of the natural gas among 

population and in the pipelines. Old equipment cannot afford high level of 

the efficiency in the pipelines. Old management system cannot afford good 

distribution of the natural gas among local customers which in turn creates 

additional problems. Nowadays government has programs for solving those 

problems in future 5 years.  

 The government tries to improve natural gas industry, with attracting 

foreign investments, was signed agreement about privatization of the 

“Kyrgyzneftegas” with Gazprom 2007,in order to get new gas equipment, 

and construct new pipelines. Also the government tries to find alternative gas 

importer for the Kyrgyz Republic, because nowadays only Uzbekistan import 

natural gas to the Kyrgyz Republic. But there are other big gas producers in 

the region, as Kazakhstan, Russia and Turkmenistan. Also program include, 

reconstruction and modernization of the main pipelines in the territory of the 

country. And most strategically important point is exploration and 

development of the oil and gas mines.  
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 Kyrgyz Republic’s economy is also dependent on the oil import from 

the Kazakhstan, Uzbekistan and Russia, because own fossil fuel industry 

cannot provide oil reserves for the whole country. Main customers of the oil, 

is population, which consume gasoline and diesel and TPP consume fuel oil.  
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Chapter 4. Methodology  

 This chapter will describe the methodology used in order to find 

causality between economic growth and energy consumption in the Kyrgyz 

Republic, using the unit root test, co-integration test, VECM and Granger 

causality test.  

 

4.1   Stationarity and integration  

 

First methodology used to identify the causality was assumption of 

stationarity of time series. But later on Nelson and Plosser (1982) identified 

that most macro-economic time series are non-stationary therefore 

coefficients may have different distributions, which may result in non reliable 

regression. 

Stationarity claims the Mean, Variance, and Auto-covariance of a 

series in order to be stationary. A series xt is said to be stationary, if it has a 

constant mean E(xt), and its Var(xt) does not appear to systematically change 

over time. In this case, it will tend to fluctuate around the mean E(xt) steadily. 

Whereas, a series xt is said to be non-stationary if it has non-constant mean 

E(xt), and variance Var(xt) appears to change systematically over time. If the 

difference of a non-stationary series is stationary, the series is said to be 
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integrated, i.e. I(1). If a non-stationary series has to be differenced d times to 

become stationary, then it is said to be integrated of d order: i.e. I(d). Only 

when two series are integrated in the same order, can it be proceeded to test 

for the presence of co-integration. 

 In 1976, Dickey and Fuller found new method and called DF, this 

method let us to test the stationarity of time series. Afterwards they 

developed this method and called ADF (Dickey, Fuller, 1979). Because 

actual series are usually not first order auto-regression series, the augmented 

Dickey-Fuller (ADF) test is broadly applied to examine the unit root and 

stationarity of series here. 

Firstly, set up the regression equation: 

 

(1) 

 

Where: εt is the residual (the same as follows). 

Then test the null hypothesis H0: ρ=1 that xt is non-stationary, against H1: 

ρ<1, that xt is stationary. 
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4.2   Co-integration.  

 

Co-integration - feature several non-stationary (integrated) time series 

is the existence of a stationary linear combination. The concept of co-

integration was first proposed by Granger in 1981. Later this trend developed 

Engle, Johansen, Phillips and others. 

Co-integration is an important feature of many economic variables, 

which means that, despite the occasional (slightly predictable) behavior of 

the individual economic variables, there is a long-run relationship between 

them, which leads to some joint inter-related changes. Actually it is the 

correction model (correction) of errors (ECM - Error Correction Model) - 

when the short-term movements are adjusted according to the degree of 

deviation from the long-term dependence. Such behavior is co-integrated 

time series. 

 

Another method is one presented by Engle and Grange (1987). They 

propose co-integration as non-stationary series, integrated in the same 

procedure, and linear combination between them may be observed which is 

stationary. 
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This method includes two steps and means if two series xt and yt, are 

tested to be non-stationary, but both of them are integrated of the same order, 

the regression equation can be set up as: 

 

xt= α + βyt +εt(2) 

 

As authors said the co-integration between xt and yt can thereby be tested by 

examining the stationarity of the residual εt. And if xt and yt are not co-

integrated, all of their linear combinations will be non-stationary, 

consequently the residual εt will be also non-stationary. From the other side, 

if the εt is tested to be stationary, then the co-integration between xt and yt can 

be justified. 

 

4.3   Vector Auto-regressions (VARs) 

 

Vector auto-regression (VAR) – is a dynamics model of multiple time 

series, in which the current value of the series depends on the past values of a 

time series. The model proposed by Christopher Sims (1980) as an alternative 

system of simultaneous equations involves substantial theoretical limitations. 

VAR-models are free from the limitations of structural models. However, the 
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problem of VAR-models is a sharp increase in the number of parameters 

while increasing the number of analyzed time series and the number of lags.  

The vector auto-regression is used to analyze the dynamic impact of 

random disturbances on the system of variables and to predict systems of 

interrelated time series. This is because VAR approach sidesteps the need for 

structural modeling by treating endogenous variable in the system as a 

function of the lagged values of all of the endogenous variables in the system. 

Actually VAR - a system of econometric equations, each of which is a 

model and autoregressive distributed lag (ADL). 

The mathematical representation of a VAR is 

 

                  (3) 

 

where ytis a k vector of endogenous variables, xt is a d vector of exogenous 

A1…Ap variables, and B are matrices of coefficients to be estimated, and is a 

vector of innovations.  

Since only lagged values of the endogenous variables appear on the right-

hand side of the equations, simultaneity is not an issue and OLS yields 

consistent estimates. Moreover, even though the innovations may be 
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contemporaneously correlated, OLS is efficient and equivalent to GLS since 

all equations have identical regressors. 

Real VAR model have longer lags and more variables. However, compared 

with the structural models  VAR models have fewer options and less 

stringent restrictions on their values, which makes the VAR model extremely 

useful when faced with difficulties when collecting baseline information. 

 For example, suppose that industrial production (IP) and money 

supply (M1) are jointly determined by a VAR and let a constant be the only 

exogenous variable. Assuming that the VAR contains two lagged values of 

the endogenous variables, it may be written as 

 

     (4) 

 

    (5) 

 

where aij, bij, ci  are the parameters to be estimated. 
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4.4 Vector error correction model 

 

A Vector Error Correction Model (VECM) can lead to a better 

understanding of the nature of any non-stationarity among the different 

component series and can also improve longer term forecasting over an 

unconstrained model.  

Consider a bi-variation vector of integrated order one, and assume 

that  is cointegrated with cointegrating vector  so that 

 is stationary. According to Engle and Granger (1987), 

co-integration implies the existence of an Error Correction Model (ECM) of 

the following equation 

                                                       (6) 

 

 

 

(7) 
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The error correction term (ECT, ) denotes the long-run equilibrium 

with the short-run adjustment mechanism that demonstrates how the 

variables react when they deviate from the equilibrium. 

Unlike causality analysis using the VAR model which presents only 

one causal path, the causality analysis using VECM can present three 

different paths. The first one is “short-run causality tests” the statistical 

significance on the two types of hypotheses like in the VAR case (test on  

and  for above equations), the second one is “long-run causality tests” the 

hypothesis of both short-run and long-run causality (and for above equations). 

Kim, Jinsoo(2010). 

 

4.5 Granger Causality  

 

Granger causality (born Granger causality) - term used in 

econometrics (time series analysis), formalizes the notion of a causal 
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relationship between time series. Granger causality is a necessity albeit not  

an efficient cause-and-effect relationship. 

The concept and the testing procedure is proposed Granger (Granger) 

in 1969. Granger’s concept was based on the premise that the future cannot 

be the cause of the present or the past and that reason, at least, must precede 

effect. However, it is known that the very fact of precedence does not say 

anything about a causal connection. It is important that the previous value of 

"cause" has a major impact on the future values of the "investigation" and, 

moreover, the last value of "investigation" had no significant effect on the 

future values of the "causes".  

In our study we adopted the Granger Causality test to examine the 

causality between two series according to Engle and Grange (1987). When 

the past information is collected to forecast variable yt, we can use only the 

past information of both xt and yt . According to the Granger Causality test, 

there is causality from xt to yt if the past information of xt can help us to 

forecast yt more precisely.  

To apply Granger Causality test, firstly we set up the bi-variable auto-

regression model: 

 

                                     (8) 
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(9)  

 

Then the F Test is carried out to test the null hypothesis H0:βi (i = 1, 

2,…, m) = 0, which is equal to the hypothesis that “xt has no Granger 

Causality to yt”. If H0:βi (i = 1, 2,…, m) = 0, is rejected, then we can also 

reject the hypothesis “xt has no Granger Causality to yt”, and thereby 

conclude that xt has no Granger causality to yt. Similarly, the hypothesis H0:βj 

(j = 1, 2,…, m) = 0, can be tested to verify whether there is a Granger 

causality from yt to xt . 
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Chapter 5 Empirical analysis 

 

5.1 Unit root test. 

In our empirical study on co-integration and causality between 

Kyrgyz Republic’s energy and economy, we use the time series data of GDP 

per capita and electricity and oil consumption per capita for the period of 

1990-2011. 

Data was obtained from the World Development Indicators (2011) 

produced by the World Bank. Since Kyrgyz Republic become independent 

states by 1990, our study starts from this period of time. Despite that Kyrgyz 

Republic’s energy industry started in the USSR period of time, we don’t have 

sufficient data to make analyze for our study. In addition GDP per capita was 

not determined for Kyrgyz Republic separately, since it was part of the other 

country.  

A necessary but not sufficient condition for co-integration is that each 

of the variables should be integrated to the same order (more than zero) or 

that both series should contain a deterministic trend (Granger,1988). In order 

to verify whether this preliminary condition was fulfilled, times series of per 

capita electricity and oil consumption and per capita GDP for Kyrgyz 

Republic were tested for a unit root via various testing procedures due to the 
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augmented Dickey–Fuller (ADF) and Phillips Perron tests (Dickey and 

Fuller,1979). Results of the unit root test shows that electricity and oil 

consumption and economic growth have a unit root and stationarity of time 

series. Unit root was discovered between electricity consumption and 

economic growth on 3
rd

 difference and on 2
nd

 in case with oil consumption 

and GDP growth.  
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Table 2. Unit root test. (Electricity consumption and GDP) 

Variables Differ. C.V. 5% 2
nd

 differ C.V. 5% 3
rd

 differ C.V. 5% 

GDP  -1.806 -3.000 -1.650 -3.000 -3.759 -3.000 

Electricity  -2.595 -3.000 -4.894 -3.000 -5.995 -3.000 

 

 

Table 3. Unit root test (Oil consumption and GDP) 

Variables Differ. C.V. 5% 2
nd

 differ C.V. 5% 3
rd

 differ C.V. 5% 

GDP  0.090 -3.000 -3.424 -3.000   

Oil  -2.627 -3.000 -3.382 -3.000   
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5.2   Co-integration. 

 

In order to find a long-run co-integrating relationship between 

electricity and oil consumption with GDP, this dissertation adopted the 

Johansen test. Graph 5 and 6 shows the results of the lag selection process, 

which is required for next co-integration test.  

. vecrank oc GDP, lag(4)

    Exogenous:  _cons

   Endogenous:  oc GDP

                                                                               

     4   -173.814  9.8689*   4  0.043  6.4e+08   25.5752*  25.5662*  26.4249   

     3   -178.749  9.1736    4  0.057  5.8e+08   25.6998   25.6928   26.3607   

     2   -183.336  7.8629    4  0.097  5.7e+08   25.7781    25.773   26.2501   

     1   -187.267  32.799    4  0.000  5.4e+08*  25.7689   25.7659   26.0522*  

     0   -203.667                      2.8e+09   27.4222   27.4212   27.5166   

                                                                               

   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     

                                                                               

   Sample:  1996 - 2010                         Number of obs      =        15

   Selection-order criteria

. varsoc oc GDP

 

* indicates lag order selected by the criterion 

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

AIC: Akaike information criterion 

Graph 5. Johansen test results, OC 
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    Exogenous:  _cons

   Endogenous:  elc gdp

                                                                               

     4   -151.527  3.3228    4  0.505  7.4e+06   21.1909   21.2354     22.06   

     3   -153.188   6.592    4  0.159  4.6e+06   20.8986   20.9332   21.5746   

     2   -156.485  31.864*   4  0.000  3.9e+06*  20.8106*  20.8353*  21.2934*  

     1   -172.416  26.469    4  0.000  1.7e+07    22.302   22.3169   22.5918   

     0   -185.651                      5.3e+07   23.4563   23.4613   23.5529   

                                                                               

   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     

                                                                               

   Sample:  1994 - 2009                         Number of obs      =        16

   Selection-order criteria

. varsoc elc gdp

 

* indicates lag order selected by the criterion 

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

AIC: Akaike information criterion 

Graph 6. Johansen test results, EC 

 

The co-integration rank r of the time series is tested using two test 

statistics. By indicating the number of co-integrating vectors by r0, the 

maximum eigenvalue (λmax) test is calculated under the null hypothesis H0: r0 

= r; against the alternative hypothesis H1: r0>r. The trace test is calculated 

under H0: r0 ≤ r; against H1: r0>r. Table shows the results of the Johansen 

maximum likelihood co-integration tests. Hence we determine the presence 

of a co-integration between electricity and oil consumption per capita and 

GDP per capita. Here we can see the maximal eigenvalue statistics is 3.0746 

for electricity consumption and 0.0017 for oil consumption, which is below 
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the 5% critical value of 3,76. Hence, at the significance level of 5% the null 

hypothesis of r0 = 0 is accepted. These results show that oil consumption and 

GDP series have co-integrating equation, as well as electricity consumption 

and GDP have co-integrating equation; in other words, there are long-run 

relationship between per capita GDP and per capita electricity and oil 

consumption for Kyrgyz Republic.  

 

Table 4. Cointegration test results 

Variables  Trace statistic  5% critical value Lags  

GDP – 

Electricity  

3.0746 3.76 2 

GDP – Oil 0.0017 3.76 4 

 

 

5.3     Granger Causality test. 

 

The co-integration test can only show an existence of the long-run 

causality with one direction. To find other perspective of the study we should 

use Granger Causality test, because co-integration found above does not 
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reveal any information about direction or the short term perspective results. 

To identify all those points we need to use VECM (vector error correction 

model) based causality test.   

 

Table 5. Granger causality test result from VECM model (Electricity 

and GDP)  

Variables  Short run Long run  

GDP – Electricity  0.020* 0.001* 

Electricity – GDP  0.000* 0.001* 

 

 

Table 6. Granger causality test  result from VECM model (Oil and GDP)  

Variables  Short run Long run  

GDP – Oil 0.000* 0.000* 

Oil – GDP 0.603* 0.301* 
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Bi-directional causality in the long term and the short term period of 

time between electricity consumption and economic growth were illustrated 

in the vector error-correctional model. According to the table causality from 

GDP to electricity consumption is less than 5% (0.05) therefore there is 

short-term causality between GDP to electricity consumption running from 

GDP to electricity consumption. Adversely short term causality running from 

electricity to GDP also less than 5%, but here we can notice the causality 

more obviously (0.000) which proves that electricity consumption and GDP 

have a bi-directional causality in the short term. In case of electricity and 

GDP we have same results in the long-run perspective as well meaning with 

growing economic growth, electricity consumption also increase. The same 

could be said about the inverse, as in the short term as in long-run. In this 

case energy saving programs can have a negative impact on the growth of the 

economy.  

Unidirectional causality in the long and short term running from 

economic growth to oil consumption also was defined in the vector error-

correctional model. As shown in the table 7, causality running from GDP to 

oil consumption is obvious and equal to 0.000 in long-run and short term 

period is less than 5%, but we don’t have same results in the case with 

causality from the oil consumption to GDP. In other words, we have 
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unidirectional causality running from the economic growth to oil 

consumption. With economic welfare growth, oil consumption will 

simultaneously increase, but oil consumption cannot affect the economic 

growth in both the long-run and short-term period of time.  
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Chapter 6.          Implication and conclusion 

 

Causal relationship between electricity and oil consumption and 

economic growth in the Kyrgyz Republic in the period between 1990-2009 

was discovered through several empirical steps; we discovered the unit roots 

and stationarity of the time series, also was found that the time series are co-

integrated. And we determined long and short run equilibrium, and finally by 

using the vector error correction model we found direction of the causality.   

 

6.1 Policy implication 

 

This study shows the causal relationship between electricity, oil 

consumption and energy use in Kyrgyz Republic. Vector error correctional 

model determined long-run and short term bidirectional causal relationship 

between electricity consumption and GDP and also determined long-run and 

short term unidirectional causality running from GDP to oil consumption. 

When energy consumption leads to economic growth in the long term 

prospective, it means that Kyrgyz Republic has an energy dependent 

economy and more energy is required to foster economic development. This 

also implies that the increase of energy consumption may positively affect 
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the economic growth and the application of strong energy conservation 

policies can negatively affect the economic growth. Also we should not 

forget that growing economic welfare also lead to the electricity consumption 

growth; a need that the government should be ready to cater to. 

The major energy consumer is the sector of industry, which was 

mainly built during the Soviet Union period of time Most of the plants still 

apply the existing, energy costly technology. There is a significant potential 

to save energy through employing the energy efficiency policy in this sector. 

This would mean upgrading existing equipment to new energy saving 

technology. Additionally the population awareness about ‘green technology’ 

and energy saving alternatives is too weak, what increase domestic energy 

wasting. This being the case energy conservation culture should be 

incorporated into the general framework in hopes to drive the population to 

be more active when it comes to the conservation of energy.  

The country has huge potential of going renewable and certainly the 

use of renewable energy will play an important role in the future. In fact, 

these energy sources are provided free of charge by nature. Construction and 

modernization of the existing hydro power plants can guarantee energy 

security for the Kyrgyz Republic, and environmental protection in the region.  
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The rational use of energy resources, finding and developing 

alternative energy sources, and the introduction of energy saving 

technologies should be key priorities for the implementation of policy in 

Kyrgyz Republic. These measures will not only facilitate the positioning of 

the independent Kyrgyz Republic in the international arena, the fuel and 

energy security, but will also stimulate a general progressive development of 

the Kyrgyz economy.  

 

6.2    The limitation of the study  

 

The main problem of this study is data limitation. The initial idea of 

this study was to investigate the causal relationship between energy use and 

GDP of Kyrgyz Republic from the time of the Soviet Union (1970-80) until 

2012. However, because of the lack of data and its lack of availability, the 

range of variables is not good enough to get more accurate results.   
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Appendix 

Empirical results of the study 

Oil consumption and GDP 

MacKinnon approximate p-value for Z(t) = 0.0875

                                                                              

 Z(t)             -2.627            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        18

 

 

MacKinnon approximate p-value for Z(t) = 0.0116

                                                                              

 Z(t)             -3.382            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        17

. dfuller d.oc
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MacKinnon approximate p-value for Z(t) = 0.9653

                                                                              

 Z(t)              0.090            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        18

. dfuller GDP

 

MacKinnon approximate p-value for Z(t) = 0.0102

                                                                              

 Z(t)             -3.424            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        17

. dfuller d.GDP

 

 

MacKinnon approximate p-value for Z(t) = 0.0756

                                                                              

 Z(t)             -2.691            -3.750            -3.000            -2.630

 Z(rho)           -5.600           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        18

. pperron oc
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MacKinnon approximate p-value for Z(t) = 0.0135

                                                                              

 Z(t)             -3.332            -3.750            -3.000            -2.630

 Z(rho)          -13.524           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        17

. pperron d.oc

 

 

MacKinnon approximate p-value for Z(t) = 0.9576

                                                                              

 Z(t)             -0.012            -3.750            -3.000            -2.630

 Z(rho)           -0.011           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        18

. pperron GDP

 

MacKinnon approximate p-value for Z(t) = 0.0098

                                                                              

 Z(t)             -3.437            -3.750            -3.000            -2.630

 Z(rho)          -14.636           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        17

. pperron d.GDP
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. vecrank oc GDP, lag(4)

    Exogenous:  _cons

   Endogenous:  oc GDP

                                                                               

     4   -173.814  9.8689*   4  0.043  6.4e+08   25.5752*  25.5662*  26.4249   

     3   -178.749  9.1736    4  0.057  5.8e+08   25.6998   25.6928   26.3607   

     2   -183.336  7.8629    4  0.097  5.7e+08   25.7781    25.773   26.2501   

     1   -187.267  32.799    4  0.000  5.4e+08*  25.7689   25.7659   26.0522*  

     0   -203.667                      2.8e+09   27.4222   27.4212   27.5166   

                                                                               

   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     

                                                                               

   Sample:  1996 - 2010                         Number of obs      =        15

   Selection-order criteria

. varsoc oc GDP

 

. vec oc GDP, trend(constant) lags(4)

                                                                               

    2      18     -173.81431     0.00011

    1      17     -173.81514     0.79533      0.0017*    3.76

    0      14     -185.71289           .     23.7972    15.41

  rank    parms       LL       eigenvalue  statistic    value

maximum                                      trace    critical

                                                         5%

                                                                               

Sample:  1996 - 2010                                             Lags =       4

Trend: constant                                         Number of obs =      15

                       Johansen tests for cointegration                        

. vecrank oc GDP, lag(4)
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       _cons     32.85305   37.25584     0.88   0.378    -40.16705    105.8732

              

        L3D.    -.6828911   1.031081    -0.66   0.508    -2.703772     1.33799

        L2D.    -.7892254   .7985495    -0.99   0.323    -2.354354    .7759029

         LD.    -.3381889   .6506467    -0.52   0.603    -1.613433    .9370552

         GDP  

              

        L3D.    -.0332246   .1126835    -0.29   0.768    -.2540803    .1876311

        L2D.     -.110758   .1654618    -0.67   0.503    -.4350572    .2135412

         LD.     -.106686   .1257936    -0.85   0.396    -.3532369    .1398648

          oc  

              

         L1.     .2776535   .2682073     1.04   0.301    -.2480232    .8033302

        _ce1  

D_GDP         

                                                                              

       _cons     5.948929   44.29327     0.13   0.893    -80.86429    92.76215

              

        L3D.     2.058416   1.225846     1.68   0.093    -.3441983    4.461031

        L2D.     4.004182   .9493913     4.22   0.000     2.143409    5.864955

         LD.     3.255842   .7735504     4.21   0.000     1.739711    4.771973

         GDP  

              

        L3D.     .3014881   .1339689     2.25   0.024     .0389139    .5640622

        L2D.     .4696007   .1967167     2.39   0.017     .0840431    .8551583

         LD.      .592584   .1495553     3.96   0.000      .299461    .8857071

          oc  

              

         L1.    -1.533346   .3188703    -4.81   0.000     -2.15832   -.9083715

        _ce1  

D_oc          

                                                                              

                    Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

                                                                

D_GDP                 8     107.695   0.3599   3.934972   0.8629

D_oc                  8     128.038   0.8513   40.06338   0.0000

                                                                

Equation           Parms      RMSE     R-sq      chi2     P>chi2

Det(Sigma_ml)  =  3.98e+07                         SBIC            =  26.24448

Log likelihood = -173.8151                         HQIC            =  25.43347

                                                   AIC             =  25.44202

Sample:  1996 - 2010                               No. of obs      =        15

Vector error-correction model
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       _cons    -1941.348          .        .       .            .           .

         GDP     1.877424   .2610066     7.19   0.000      1.36586    2.388987

          oc            1          .        .       .            .           .

_ce1          

                                                                              

        beta        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

                 Johansen normalization restriction imposed

Identification:  beta is exactly identified

                                           

_ce1                  1    51.7394   0.0000

                                           

Equation           Parms    chi2     P>chi2

Cointegrating equations

 

 

         Prob > chi2 =    0.0000

           chi2(  3) =   24.72

 ( 3)  [D_oc]L3D.GDP = 0

 ( 2)  [D_oc]L2D.GDP = 0

 ( 1)  [D_oc]LD.GDP = 0

. test ([D_oc]: LD.GDP L2D.GDP L3D.GDP)

         Prob > chi2 =    0.8155

           chi2(  3) =    0.94

 ( 3)  [D_GDP]L3D.oc = 0

 ( 2)  [D_GDP]L2D.oc = 0

 ( 1)  [D_GDP]LD.oc = 0

. test ([D_GDP]: LD.oc L2D.oc L3D.oc)
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Electricity consumption 

MacKinnon approximate p-value for Z(t) = 0.5134

                                                                              

 Z(t)             -1.541            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        19

. dfuller gdp

 

 

MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -5.384            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        19

. dfuller ec

 

 

MacKinnon approximate p-value for Z(t) = 0.3204

                                                                              

 Z(t)             -1.925            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        18

. dfuller d.ec
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MacKinnon approximate p-value for Z(t) = 0.4575

                                                                              

 Z(t)             -1.649            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        18

. dfuller d.gdp

 

 

MacKinnon approximate p-value for Z(t) = 0.0002

                                                                              

 Z(t)             -4.522            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        17

. dfuller d2.gdp

 

 

MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -7.487            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        17

. dfuller d2.ec
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MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -5.253            -3.750            -3.000            -2.630

 Z(rho)           -5.818           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        19

. pperron ec

 

 

MacKinnon approximate p-value for Z(t) = 0.3831

                                                                              

 Z(t)             -1.795            -3.750            -3.000            -2.630

 Z(rho)           -5.849           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        18

. pperron d.ec

 

 

MacKinnon approximate p-value for Z(t) = 0.4449

                                                                              

 Z(t)             -1.673            -3.750            -3.000            -2.630

 Z(rho)           -4.976           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        19

. pperron gdp
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MacKinnon approximate p-value for Z(t) = 0.2858

                                                                              

 Z(t)             -2.002            -3.750            -3.000            -2.630

 Z(rho)          -16.556           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        18

. pperron d.gdp

 

 

MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -7.074            -3.750            -3.000            -2.630

 Z(rho)          -25.024           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        17

. pperron d2.ec

 

 

MacKinnon approximate p-value for Z(t) = 0.0001

                                                                              

 Z(t)             -4.696            -3.750            -3.000            -2.630

 Z(rho)          -31.137           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        17

. pperron d2.gdp
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    Exogenous:  _cons

   Endogenous:  ec gdp

                                                                               

     4   -192.433  5.9251    4  0.205  1.2e+09   26.3041   26.3486   27.1732   

     3   -195.395  13.435*   4  0.009  9.1e+08   26.1744*   26.209*  26.8504   

     2   -202.113  4.2336    4  0.375  1.2e+09   26.5141   26.5388    26.997   

     1    -204.23  23.996    4  0.000  8.9e+08*  26.2787   26.2935   26.5684*  

     0   -216.228                      2.4e+09   27.2785   27.2834    27.375   

                                                                               

   lag      LL      LR      df    p      FPE       AIC      HQIC      SBIC     

                                                                               

   Sample:  1994 - 2009                         Number of obs      =        16

   Selection-order criteria

. varsoc ec gdp

 

 

                                                                               

    2      10     -231.49018     0.25061

    1      9       -234.0866     0.78504      5.1929     3.76

    0      6      -247.92251           .     32.8647    15.41

  rank    parms       LL       eigenvalue  statistic    value

maximum                                      trace    critical

                                                         5%

                                                                               

Sample:  1992 - 2009                                             Lags =       2

Trend: constant                                         Number of obs =      18

                       Johansen tests for cointegration                        

. vecrank ec gdp, lag(2)

 

 

                                                                               

    2      14     -209.54901     0.58403

    1      13      -217.0048     0.70745     14.9116     3.76

    0      10     -227.45237           .     35.8067    15.41

  rank    parms       LL       eigenvalue  statistic    value

maximum                                      trace    critical

                                                         5%

                                                                               

Sample:  1993 - 2009                                             Lags =       3

Trend: constant                                         Number of obs =      17

                       Johansen tests for cointegration                        

. vecrank ec gdp, lag(3)
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Cointegrating equations

                                                                              

       _cons    -7.157361    81.0355    -0.09   0.930     -165.984    151.6693

              

        L2D.     .0666468   .1607569     0.41   0.678     -.248431    .3817246

         LD.     .0506545    .191247     0.26   0.791    -.3241827    .4254916

          ec  

              

        L2D.    -1.192091   .9487465    -1.26   0.209      -3.0516    .6674182

         LD.    -.5037512   .8766954    -0.57   0.566    -2.222043     1.21454

         gdp  

              

         L1.     1.011199   .3298528     3.07   0.002      .364699    1.657698

        _ce1  

D_ec          

                                                                              

       _cons    -14.05993    37.6493    -0.37   0.709     -87.8512    59.73133

              

        L2D.     .0792793   .0746881     1.06   0.288    -.0671066    .2256652

         LD.      .148235   .0888538     1.67   0.095    -.0259152    .3223853

          ec  

              

        L2D.     1.130364     .44079     2.56   0.010     .2664312    1.994296

         LD.     .6798533   .4073149     1.67   0.095    -.1184692    1.478176

         gdp  

              

         L1.    -.5147616   .1532504    -3.36   0.001    -.8151269   -.2143962

        _ce1  

D_gdp         

                                                                              

                    Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

                                                                

D_ec                  6     264.349   0.7621   35.24012   0.0000

D_gdp                 6     122.817   0.5587   13.92356   0.0305

                                                                

Equation           Parms      RMSE     R-sq      chi2     P>chi2

Det(Sigma_ml)  =  4.19e+08                         SBIC            =  27.69655

Log likelihood = -217.0048                         HQIC            =  27.12272

                                                   AIC             =  27.05939

Sample:  1993 - 2009                               No. of obs      =        17

Vector error-correction model

. vec gdp ec, trend (constant) lag (3)
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       _cons     464.2218          .        .       .            .           .

          ec    -.3362335   .0892884    -3.77   0.000    -.5112356   -.1612315

         gdp            1          .        .       .            .           .

_ce1          

                                                                              

        beta        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

                 Johansen normalization restriction imposed

Identification:  beta is exactly identified

                                           

_ce1                  1   14.18051   0.0002

                                           

Equation           Parms    chi2     P>chi2

Cointegrating equations
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MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -4.894            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        18

. dfuller d.elc

MacKinnon approximate p-value for Z(t) = 0.0939

                                                                              

 Z(t)             -2.595            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        19

. dfuller gdp

MacKinnon approximate p-value for Z(t) = 0.3777

                                                                              

 Z(t)             -1.806            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        19

. dfuller elc
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MacKinnon approximate p-value for Z(t) = 0.0034

                                                                              

 Z(t)             -3.759            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        17

. dfuller d2.gdp

MacKinnon approximate p-value for Z(t) = 0.4570

                                                                              

 Z(t)             -1.650            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        18

. dfuller d.gdp

 

MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -5.995            -3.750            -3.000            -2.630

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

Dickey-Fuller test for unit root                   Number of obs   =        17

. dfuller d2.elc
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MacKinnon approximate p-value for Z(t) = 0.1283

                                                                              

 Z(t)             -2.449            -3.750            -3.000            -2.630

 Z(rho)           -6.628           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        19

. pperron gdp

MacKinnon approximate p-value for Z(t) = 0.5210

                                                                              

 Z(t)             -1.525            -3.750            -3.000            -2.630

 Z(rho)           -4.370           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        19

. pperron elc

 

 

MacKinnon approximate p-value for Z(t) = 0.0000

                                                                              

 Z(t)             -5.255            -3.750            -3.000            -2.630

 Z(rho)          -18.069           -17.200           -12.500           -10.200

                                                                              

               Statistic           Value             Value             Value

                  Test         1% Critical       5% Critical      10% Critical

                                          Interpolated Dickey-Fuller          

                                                   Newey-West lags =         2

Phillips-Perron test for unit root                 Number of obs   =        18

. pperron d.elc
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초      록 

키르기즈스탄의 에너지 소비량과 경제 성장 

울랄백 

기술경영경제정책과정  

공과대학 

서울대학교 

1969 년 이후, 많은 연구자들에 의해 에너지 소비와 경제성장 간의 

인과관계에 관한 연구가 많이 이루어져 왔다. 그러나 키르기즈스탄의 

경우 데이터 수집의 한계로 인해 이에 대한 연구가 부족한 실정이다. 본 

연구는 키르기즈스탄의 전력 및 석유 소비량과 경제 성장 사이의 

인과관계의 유무를 확인해보고자 한다. 데이터는 석유, 전력을 포함한 

연간 에너지 소비량과 1 인 당 국내 총생산 데이터를 사용하였다. 

그러나 데이터 수집의 한계로 1990 년(키르기즈스탄이 독립국이 된 
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시점)부터 2011 년까지의 자료를 이용하였다. 실증분석은 ADF, PP 

검정을 통한 단위근 검정, 공적분 검정을 거쳐 벡터오차수정모형을 

통한 그랜저 인과관계 분석방법을 이용하였다. 분석 결과, 

키르기즈스탄의 국내총생산(GDP) 에서 석유 소비량으로의 장∙단기적 

인과관계가 존재하는 것으로 나타났으며, 국내 총생산과 전력 소비량 

간에는 양방향으로 인과관계가 나타났다. 

 

주요어 : 에너지 소비, 경제 성장, 공적분, 벡터오차수정모형, 그랜저 

인과관계 

학  번: 2011-22949 
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