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SUMMARY

This study investigated the impact of selected macroeconomic variables i.e. sectoral growth, urbanization, foreign capital inflows and trade openness on energy consumption in Pakistan over the period of 1972Q1-2011Q4. We applied traditional as well as structural break unit root tests to examine the integrating properties of the variables. To examine whether cointegration exists or does not among the variables, we employed the ARDL bounds testing approach to cointegration in the presence of structural breaks in the series. The VECM Granger causality approach was also applied to examine the causal relationship among the variables. 
Our empirical results showed the presence of cointegration among the variables. We found that sectoral growth enhances energy demand. The causality analysis revealed that the bidirectional causal relationship exists between agriculture sector growth and energy consumption, industrial sector growth and energy consumption and, services sector growth and energy consumption. Urbanization adds in energy demand. The causality analysis exposed the unidirectional causal relation running from urbanization to energy consumption. 
Foreign capital inflows are negatively linked with energy consumption due to adoption of energy efficient technology in the process of domestic production. The causality analysis showed the bidirectional causal relationship between foreign capital inflows and energy consumption. Trade openness is negatively related to energy consumption. The causality analysis indicated the bidirectional causality between trade openness and energy consumption.
In context of policy implications, there is a need of implementation of comprehensive energy policy for exploring new sources of domestic energy production not only to sustain sectoral economic activity but also economic growth. A positive link between urbanization and energy consumption demands the entire attention of policy makers. Further, the government should encourage in adopting the innovative technologies with exhaustive management to enhance efficiency of the energy sector to reap the fruits of foreign capital inflows as well as trade openness.
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CHAPTER 1

INTRODUCTION

This study investigated the impact of sectoral growth, urbanization, foreign capital inflows and trade openness on energy consumption in Pakistan. The issue is important because energy derives the wheels of economic growth in an economy. Energy also plays an important role in enhancing sectoral domestic production, improving the living standard of population, attracting foreign capital inflows and expanding the volume of trade. 
There are three components which contribute to Gross Domestic Product (GDP) in Pakistan i.e. agriculture, industry and services sectors. The real value added of agricultural sector to GDP has increased from 5131.358 PRS in 1971-72 to 7019.091 PRS in 2010-2011 i.e. almost 60% rise in agriculture growth (GoP, 2012). The contribution of industrial sector to GDP was 1690.351 PRS in 1971-72, which rose to 24792.63 PRS in 2010-2011. The growth in industrial sector is 136%. Similarly, real value added of services sector has also increased from 5692.063 PRS in 1971-72 to 17277.54 PRS in 2010-2011. This indicates that growth in services sector is 203% (GoP, 2012). The urban population has increased from 25.3185% as a share of total population in 1971-72 to 37.2354% as a share of total population in 2010-11, which is almost a 47% rise in urban population growth (GOP, 2012). Foreign capital inflows (overseas remittances, direct foreign investment and portfolio investment) have been increasing over the selected period of time i.e. 1972-2011. For example, real foreign remittance per capita was 20.50 PRS in 1971-72, which rose to 4850.93 PRS in 2010-11. This shows that foreign remittance growth is almost 2417% (GoP, 2012). Similarly, Pakistan had very low real foreign direct investment (here after, FDI) per capita i.e. 100.277 PRS in 1971-72 but it was 731 PRS in 2010-11. The growth in real foreign direct investment per capita growth is almost 629%. Foreign portfolio investment (real per capita) was 30.90 PRS in 1984-85, which increased to 325.26 PRS in 2010-11 (GoP, 2012). The growth rate of foreign portfolio investment is 953% for said period. Real trade per capita was 6025.30 PRS in 1971-72 and has amounted to 10336 PRS in 2010-11. The growth in trade openness is 72% over same period. All these factors contributed to energy demand and affected the demand for energy from 278.55 (kg of oil equivalent) in 1972 to 529.78 (kg of oil equivalent) in 2010-11. The growth in energy demand has risen by 90% for the time span of 1972-2011 (GoP, 2012).

The energy-growth nexus presents four competing hypotheses. (i) The growth hypothesis reveals that gross domestic product is significantly contributed by energy use. (ii) The conservation hypothesis suggests that real GDP growth is not impeded by adopting energy conservation policies in an economy. (iii) The neutrality hypothesis considers that energy use plays a minor role in the growth of real GDP. (iv) The feedback hypothesis indicates the mutual alliance of energy use and real GDP growth. In such circumstances, a consistent (decrease) energy supply increases (decreases) real GDP, and similarly, a rise (decline) in real GDP leads to rise (decrease) in energy consumption. The economic theory postulates that urbanization is caused by economic growth and social modernization. Urbanization means shift of rural labor force from agricultural sector to industrial sector which is mostly situated in urban areas. This structural transformation of rural areas into urban hubs affects energy consumption significantly through various channels. For example, urbanization increases energy consumption by raising the demand for housing, food, public utilities, land use, transportation in urban areas, use of more electric appliances, investment activities, urban density, growth in industrialization and modernization, the rise in demand of road use, globalization,… etc.                    
Foreign direct investment may affect energy demand via productive efficiency, advanced technology, human as well as managerial skillfulness, learning by doing  and new methods of production. Furthermore, (Cole, 2006) argued that foreign direct investment affects energy consumption via the scale effect, the composite effect, the comparative advantage and the technique effect. Trade openness brings changes in energy consumption, especially in developing countries. Trade openness intends the governments to change trade policies by reducing trade barriers for energy efficient technologies. Trade openness also affects energy consumption indirectly via changes in economic growth structure, environmental regulations, implementation of ecologically beneficial management practices, reallocation of resources, etc. Moreover, Cole (2006) opined that trade openness affects energy consumption via the income effect, the technique effect, the composite effect as well as the comparative advantages effect. 
1.1 STATEMENT OF THE PROBLEM

The domestic energy resources in Pakistan are coal, natural gas and crude oil. The coal reserves are more than 185 billion tones in Pakistan. Major consuming industries of coal are cement and brick kiln. The coal resources fulfill 60% energy demand of cement and 39% energy demand of brick kiln industries. In 2010-11, 43 per cent of energy demand is accomplished by natural gas and 29% through oil resources. The natural gas consumption was increased by 4%, while oil consumption decreased by 3% due to oil price hike in the international market in 2010-11 (GoP, 2012). The renewable energy resources are also available in Pakistan in the form of wind, solar, tidal, nuclear and biomass. These domestic resources of energy have not been exploited properly by the government of Pakistan (GoP, 2013). Overall, domestic energy supply has increased by 2.3% in 2010-11 from 0.9% in 2009-10 but energy consumption (demand) has risen to 4.7% in 2010-11 from 1.6% in 2009-2010. This increased energy consumption has widened the gap between domestic energy supply and energy demand that led to sever energy crisis in Pakistan.      

In early 2000s, Government of Pakistan paid increasing attention to power (energy) sector to ensure consistent domestic energy supply for economic sustainability. However, economic activities have been halted by severe energy crisis, which have been fundamentally driven by broadened gap between demand for and domestic supply of energy (Kessides, 2013). This energy crisis hampered investment (both foreign and domestic investment) as well as domestic production which in resulting affected the real GDP growth in Pakistan. The energy crisis is due to heavy circular debt, less exploitation of local hydro and coal resources of energy, unused generating capacity of power sector due to governance and political issues (GoP, 2013). The growing trend of agricultural, industrial and services sectors, urbanization, foreign capital inflows and trade openness (GoP, 2012) affect energy demand through various channels as discussed above. In such situation, Pakistan is an interesting case study to examine the impact of these factors to energy demand. This scenario motivates the researchers to carry out a research on this aspect of Pakistan’s economy. 

1.2 PAKISTAN’S ECONOMY

According to Purchasing Power Parity (PPP), Pakistan is the 26th largest country in the world. The population of Pakistan is over 186 million which represents that Pakistan is the 6th largest populous country in the world. Pakistan is developing country and having GDP (Gross Domestic Product) is US$ 213.7 billion in 2010-11. The main export goods from Pakistan are leather commodities, sports goods, textiles, chemicals, carpets and rugs. The economy of Pakistan is semi-industrialized with centers of growth along Indus River. Not only the most developed areas like Karachi and major urban centers in Punjab along with the lesser developed areas also contribute their role to increase the GDP of Pakistan. So, major growth poles of Pakistan’s economy are situated along Indus River. Unfortunately, the economy of Pakistan has suffered due to internal political disputes, low levels of foreign investment and rapid growing population. The more imports and less exports is the reason of growing current account deficit which not only affected foreign reserves but also diminished the GDP growth in the medium term. To attract foreign direct investment and reduce budget deficit, Pakistan is currently undergoing the process of economic liberalization which includes privatization of all government corporations. The foreign currency reserves were more than US$ 18 billion in 2011. Since 2000, the government of Pakistan has prepared extensive economic reforms as well as medium term prospectus for new jobs and planning to alleviate the poverty.

Tax reforms like broadening of tax base and self assessment schemes introduced by the government of Pakistan resulted in more tax collection. Furthermore, privatization of public utilities and telecommunication sector increase the government revenues during recent years. Pakistan is aggressively cutting tariffs and improving the physical infrastructure like improving ports, roads, irrigation projects and supply of electricity. For the development of underdeveloped social sector in the country, the spending had been increased by 4% of GDP in 2003 from 2% of GDP in 1990s. This was a necessary step towards the development of society’s life style. 
By considering Pakistan as a large country, hopes to take significant benefits from economies of scale and to replace China as the largest textile manufacturer. Due to the reduction in interest rates and a large expansion of credit, change in investment pattern is growing in the economy. The government of Pakistan adopts to pursue an export driven model to increase economic growth of the country. The export driven strategy is highly success implemented in China and South East Asia. The less production of natural gas in Pakistan and heavy usage of the CNG in automobiles industry had increased the prices of oil. In 2004-2005, the hike in oil prices had adversely affected the Pakistan’s economy. 
Pakistan was the top reformer in the South Asian  region and among the  top-ten reformers globally-making it easier to start a business, reducing the business cost, increasing penalties for violating corporate, effective governance rules and replacing a requirement to license for every shipment (World Bank, 2010). Pakistan has got 85th position among 181 countries in the world in 2010 in “Ease of Doing Business Index i.e. 96”. The general election of 2008 had badly affected Karachi Stock Exchange market due to the high rate of inflation, uncertain political situation and military conflicts. After this, 5 major Pakistani banks were upgraded to stable the position from negative condition. This was a pleasant atmosphere for oil, gas and cement sectors (World Bank, 2010).
1.3   OBJECTIVES OF THE STUDY

This study has four objectives which are given below: 
1. To examine the impact of sectoral growth on energy consumption.

2. To scrutinize the effect of urbanization on energy consumption. 

3. To test the impact of foreign capital inflows on energy consumption. 

4. To scrutinize the effect of trade openness on energy consumption.
1.4
HYPOTHESES OF STUDY 

The following null hypotheses have been tested in the study:
H1: Sectoral growth does not affect energy consumption.

H2: Urbanization does not have impact on energy consumption.

H3: Foreign capital inflows do not impact energy consumption.
H4: Trade openness does not affect energy consumption.

1.5
NOVELTY OF THE STUDY 

This study contributes to the existing energy economics literature by several ways but here we discuss its seven major contributions: 

Firstly, this study is a pioneering effort in investigating the impact of sectoral growth, urbanization, foreign capital inflows and trade openness on energy consumption by using quarter frequency data for the time span of 1972-2011. Secondly, we have transformed the data from annual frequency to quarter frequency of all the variables by employing the quadratic match-sum approach. Thirdly, we have generated index of foreign capital inflows using the Principal Component Approach (PCA). For this purpose, we used direct foreign investment, portfolio investment, and international remittances as sub-indices. Fourthly, we have augmented sectoral growth-energy demand function by incorporating investment as an additional determinant of energy consumption. In urbanization-energy demand function, we have incorporated transportation variable as an additional factor of energy demand. Similarly, we have extended trade openness-energy demand function by incorporating the scale effect, the technique effect, the composite effect and the comparative advantage effect to examine their impact on energy demand. Fifthly, we have also applied newly unit root test introduced by Narayan and Popp (2010). 
Sixthly, the ARDL bounds testing is applied to examine the existence of the cointegration amongst the variables while accommodating the structural breaks. Seventhly, the dummy variable is also included in the long run and short run models to test the impact of structural break on energy demand. Lastly, the causal effect of the variables in long-and-short runs is inspected by using the VECM Granger causality approach. 
CHAPTER 2

LITERATURE REVIEW

This section is divided into four parts: (i) growth-energy nexus, (ii) urbanization- energy nexus, (iii) foreign capital inflows-energy nexus and, (iv) trade-energy nexus. 

2.1 Economic Growth and Energy Consumption

2.1.1 Bivariate Empirical Analysis 

Kraft and Kraft (1978) applied the bivariate model to survey the energy-growth nexus over the period of 1947-1974 in the case of the USA. They stated that energy consumption causes real GNP in Granger sense. Later on, Abosedra and Baghestani (1991) confirmed the findings of Kraft and Kraft (1978). On the contrary, Zarnikau (1997) reported the feedback effect i.e. bidirectional causality between both variables and Payne (2008) found the neutral effect. Fallahi (2011) showed the feedback effect i.e. energy use causes growth and in resulting, growth causes energy use in 1971-75 and no causality is found between both variables for the rest of regimes.  
Using Pakistani data, Riaz and Stern (1984) studied the energy-growth nexus by utilizing energy supply and demand functions. They reported that real GDP growth raises energy use and thus energy use enhances real GDP growth. Aqeel and Butt (2001) applied Granger (1969) cointegration and Hsiao Granger causality tests. They found cointegration and noted that total energy consumption Granger causes economic growth, petroleum consumption is cause of real GDP growth and the neutral effect exists between natural gas consumption and economic growth.
Engle-Granger (1987) cointegration and causality approaches were applied to examine association between both variables by Chang and Lai (1997). They documented that real GDP per capita leads growth in energy demand in the Mexican economy. Yang (2000) used data on energy use and real GDP growth to check the causality relation between the variables by applying Engle-Granger (1987) cointegration approach. He found cointegration and the response effect exists between energy consumption and economic growth in Taiwan’s economy. For Turkish economy, Altinay and Karagol (2004) examined the causal association between growth in energy and real GDP growth. Their analysis validated the neutral effect between both variables. 

Lee and Chang (2005) analyzed the affiliation between use of energy and real GDP growth. Their empirical outcome exposed that cointegration is present. Real GDP growth causes energy use and resultantly, energy use causes real GDP growth in Granger sense in Taiwan economy. Lee and Chang (2007) applied linear and non-linear models to reexamine the impact of energy use on domestic output growth. Their results indicated that association between energy use and domestic output growth is inverted U-shaped. Furthermore, the linear model confirms the existence of feedback effect between both variables. Dhungel (2008) examined the cointegration and causality relationships between both variables by using Johansen and Juselius (1990) cointegration and the VECM Granger causality approaches. The empirical evidence reported the presence of cointegration and causality is found running from energy to growth in Nepal. 

For Tanzania, Odhiambo (2009) used the ARDL bounds testing to observe the long-run rapport between growth in energy use and income per capita growth. The cointegration between the variables is found. The causality analysis by Granger (1969) causality approach indicated that total energy demand is cause of income per capita growth in Granger sense. Tsani (2010) applied Toda and Yamamoto (1995) causality approach and showed that growth in real GDP is cause of total energy demand. Paul and Uddin (2011) looked into the energy-growth nexus for Bangladesh by applying innovative accounting approach. Their results showed that growth in real GDP is not lead by growth in energy use, but shocks in growth in real GDP adversely affect growth in energy use. In the case of Indonesia, Arifin and Syahruddin (2011) inspected the causality between energy consumption measured by energy sources and growth in income per capita by applying Toda and Yamamtoo (1995) Granger causality test. They documented that growth in income per capita is Granger caused by renewable energy. 
Using the Pakistan economic data, Liew et al. (2012) examined whether sectoral growth leads energy consumption by applying the Johansen-Juselius (1990) and pair-wise Granger causality approaches. They articulated that the cointegration relation is valid and the bidirectional causality between agriculture growth and energy consumption. Zaman et al. (2012a) explored the impact of total energy consumption on agriculture, industrial and services sectors. They applied Johansen-Juselius (1990), error-correction model and innovative accounting approach for causality analysis. Their results suggest that total energy consumption has negative impact on industrial growth, population and agricultural growth negatively affect total energy use. Similarly, the electricity-growth nexus is investigated by Shahbaz and Feridun (2012) and they illustrate that income per capita growth leads growth in electricity use. 

Kalyoncu et al. (2013) applied the bivariate model to test the energy-growth for Georgia, Azerbaijan and Armenia. Their findings confirmed that energy consumption is lead by economic growth in Granger sense for both countries. Shaari et al. (2013) also applied the bivariate model to probe the affiliation between energy consumption and economic growth for Malaysia. The findings of the ARDL bounds testing approach confirmed the existence of cointegration. They noted that real GDP growth leads energy use in Granger sense. Using data of the Croatian economy, Borozan (2013) explored the relationship between both variables and documented that real GDP is Granger cause of total energy use confirmed by impulse response function. Baranzini et al. (2013) assessed the causality rapport between economic growth and energy consumption. They found the occurrence of cointegration and uncovered that all sources of energy use is lead by economic growth. 

2.1.2 Trivariate Empirical Analysis 

We find that above studies focused on applying the bivariate model to test the energy-growth nexus, but ignored the role of other potential variables such as capital and labor. This implies that findings of above studies may be biased due to exclusion of these pertinent variables. The variables such as capital and labor play important role in production function and both are determinants of economic growth and energy consumption. Other variables such as employment, government consumption expenditures, development spending, consumer prices, energy prices, oil consumption, exchange rate etc. may affect domestic production and energy consumption.

Yu and Hwang (1984) used the trivariate framework to look into the rapport of energy-employment-growth by applying Granger (1969) and Sims (1972) causality test in the case of USA. They confirmed the neutral effect between energy and growth. Yu et al. (1988) applied Granger (1969) and Sims (1972) causality techniques to probe the linkages between energy use, total employment and, non-farm employment. Their empirical evidence showed that energy consumption Granger causes non-farm employment. Mahmud (2000) applied the partial equilibrium model to probe the effect of energy and non-energy inputs on manufacturing sector. The findings revealed that shocks in energy prices reduce capital investment and increase the cost of production in manufacturing sector, while energy and non-energy inputs are not possible substitutes. Chang et al. (2001) used the trivariate function to inspect the causality among energy, growth and employment in the case of Taiwan. Their empirical exercise confirmed the subsistence of long-run relation and the feedback effect between energy consumption and employment but growth leads energy in Granger sense. In the case of Greece, Hondroyiannis et al. (2002) explored the causality relation amid energy use, energy price and growth by employing Johansen and Juselius (1990) cointegration. They found the cointegration and growth causes energy and resultantly, energy causes growth in Granger sense.  

Narayan and Smyth (2005) applied the trivariate model to test the causal relation amid energy use, income and employment using Australian time series data. They found cointegration and noted that employment and income cause energy use in Granger sense. For Pakistan, Mushtaq et al. (2007) studied the impact of agricultural growth and agricultural energy prices on agricultural energy consumption. Their empirical exercise indicated the occurrence of the long-run affiliation and agricultural growth Granger causes oil and electricity consumption in agriculture sector. Salim et al. (2008) employed energy demand function by incorporating energy prices and real GDP growth in Bangladesh, China, India, Malaysia, Thailand and Pakistan. Their results showed the cointegration and energy use Granger causes real GDP growth and energy prices in Pakistan. 

Yu et al. (2008) investigated energy demand function by incorporating energy prices and per capita income growth for Chinese economy. They found the negative (positive) effect of energy prices (per capita income growth) on energy consumption. Kumar (2011) examined the impact of economic growth and energy prices on energy demand for Fiji. The Johansen maximum likelihood cointegration approach was applied, which confirmed that the cointegration is present amid the series. Economic growth adds in energy demand while energy prices decline it. The causality analysis unveiled that energy is cause of growth in Granger sense. Wesseh and Zoumara (2012) engaged energy, employment and growth to examine the relationship by applying non-parametric bootstrapped causality test in the case of Liberia. They confirmed the presence of cointegration by the ADRL bounds testing analysis. They uncovered that energy use and employment boost growth process and enhance domestic production. The causality findings indicated that the bidirectional relation is valid between energy and growth in Granger sense. 

2.1.3 Multivariate Empirical Analysis 

The findings reported by Granger (1969) and Sims (1972) may be biased due to low explanatory power. These standard approaches failed to detect causality from other channels and provided contradictory findings (Asafu-Adjaye, 2000). Given the limitation and discrepancies in traditional cointegration and causality tests, Iqbal (1986) applied the Zellner iterative method to examine the impact of energy consumption, capital and labor on small manufacturing sector in Pakistan. He noted that energy consumption, capital and labor are substitutes while the relationship between natural gas consumption and electricity consumption is complementary. Chishti and Mahmud (1990) re-investigated the relationship between energy, non-energy inputs and large manufacturing sector using an aggregate Divisia index. They reported that energy consumption, capital and labor are major determinants of large manufacturing sector. 

Stern (1993) used the Divisia energy index as a measure of energy consumption to explore the energy-growth nexus. He used the multivariate framework by including capitalization and employment, and reported the unidirectional causal relation runs from energy consumption to economic growth. Stern (2000) incorporated capital and labor as contributing factors to energy and growth for the US economy. The empirical evidence showed the positive effect of energy, capital and labor on output growth i.e. shocks in energy consumption, capital and labor decline output growth and thus, economic growth. The empirical results also revealed the neutral effect between energy use and output growth.

Using Pakistani data, Alam and Butt (2002) reinvestigated the direction of causality between both variables by incorporating capital and labor as supplementary determinants of energy use. They noted the validation of cointegration between the series. Their empirical exercise confirmed the feedback effect between both variables. Furthermore, capital causes energy consumption and economic growth in Granger sense for the short-run. Oh, and Lee (2004) applied energy demand (income and energy prices) and production (energy consumption, capital and labor) functions in the multivariate framework to verify the energy-growth nexus in the case of Korea. Their findings indicated that energy use is lead by growth in income per capita. In the case of Canada, Ghali and El-Sakka (2004) used production function to scrutinize the impact of energy use, capital and labor on real GDP growth. Their results showed the presence of cointegration and domestic output growth is stimulated by energy use, capital and labor. 

Soytas et al. (2007) applied the Toda-Yamamtoo (1995) and the variance decomposition approaches to re-assess the causal relation between energy consumption and economic growth by including capital, labor and carbon emissions in multivariate framework for the USA. They exposed that the neutral effect is validated for energy consumption and economic growth. Similarly, Payne (2009) reinvestigated the causality between energy sources and income per capita growth by applying Toda-Yamamtoo (1995) causality approach. He found that energy sources do not contribute to income per capita growth. Kaplan et al. (2011) reinvestigated the causality between energy and growth using the multivariate versions of energy demand and neo-classical production functions by adding energy prices, capital and labor. Their findings validated the cointegration among the variables for both models. Further, they found the bidirectional affiliation between the series. Wang et al. (2011) used production to scrutinize the energy-growth nexus by adding capital and labor as factors of economic growth and energy consumption for the Chinese economy. Their analysis showed that the cointegration for long-run association is present amid the series. They found that energy consumption, capital and labor add in economic growth. Furthermore, energy consumption, capital and labor cause economic growth. 

Shahiduzzaman and Alam (2012) applied the supply-side production function to look into the energy-growth nexus by adding capital and labor for Australia. Their results supported for the occurrence of cointegration. They noted that energy use, capital and labor add in real GDP growth. The findings of Toda-Yamatoo (1995) Granger causality showed that real GDP growth is cause of energy use and energy use is cause of real GDP growth in Granger use. Using the US data, Gross (2012) reinvestigated the correlation between energy consumption and economic growth by including energy prices, trade, capitalization in the multivariate framework. The empirical evidence revealed that economic growth has positive impact on energy consumption. The feedback effect exists in the short run, but neutral effect is valid for the long-run between both variables validated by the VECM Granger causality test. Using Swedish data, Stern and Enflo (2013) assessed the causality between energy (Divisia energy index) and output using the bivariate and multivariate production functions. They found that output Granger causes energy consumption by using the bivariate model. In the multivariate model by incorporating capital and labor, their empirical evidence indicated that energy use is cause of economic growth in Granger sense. 

Shahbaz and Lean (2012a) probed energy (electricity)-growth nexus to observe its impact on economic growth using the supply-side multivariate model. They found cointegration between the variables. Their empirical findings showed electricity consumption, capital and labor positively affect real GDP growth. They noted that the feedback hypothesis exists between electricity consumption and economic growth. Shahbaz et al. (2012a) investigated the impact of energy measures by renewable and non-renewable energy sources on real GDP growth. They confirmed the long-run association and the feedback relation exists between consumption of energy sources and economic growth. Shahbaz et al. (2013a) revisited the rapport between natural gas consumption and domestic production by augmenting production function. Their results indicated that the cointegration exists between the variables. Furthermore, natural gas consumption, capital, labor and exports increase real GDP. The causality results also confirmed that natural gas consumption causes real GDP in Granger sense. 
Tang and Shahbaz (2013) probed the energy-growth nexus using national and sectoral data. They applied multivariate regression by adding capital and labor in aggregate and sectoral production functions. The authors used Johansen cointegration and TYDL causality test for the long-run and the causality association amid the series. They noted that there is cointegration between the variables at aggregate and sectoral levels. The causality exposed that real GDP growth is cause of growth in energy use at the aggregate level. At the sectoral level, they found that manufacturing and services sectors are energy dependent i.e. energy consumption Granger causes manufacturing and services sectors. Shahbaz et al. (2014a) observed the association between industrialization and electricity consumption using the data of Bangladesh economy. Their empirical findings exposed that industrial growth is lead by growth in electricity use in Granger sense.

2.2 Urbanization and Energy Consumption

The urbanization-energy nexus has been widely and empirically investigated by various researchers in the existing literature. For example, Jones (1989) collected the data of 59 countries to scrutinize the impact of urbanization on energy consumption by applying aggregate and cross-sectional regression analysis. He found that urbanization, industrialization, land use and population growth raise energy demand. Dhal and Erdogan (1994) examined the relationship between urban population and oil consumption. They reported that an increase in urbanization is positively linked to industrialization, which increases oil consumption. 

Burney (1995) reported that socioeconomic determinants also affect energy consumption. He found that urbanization raises energy demand, but varies across countries by keeping income per capita and industrialization constant. Parikh and Shukla (1995) investigated the impact of urbanization, economic structure, population density and economic growth on energy demand using data of developed and developing economies. Their results indicated that urbanization, economic structure (industrialization) and economic growth add in energy consumption but population density lowers energy demand. Imai (1997) found that population and urbanization has positive impact on energy consumption but causality results exposed that urbanization is cause of population and energy consumption. 

Cole and Nuemayer (2004) reported that urbanization is directly linked with energy demand due to rise in demand for housing, transportation provides by government and other public utilities, urban density, industrial development and services sectors. They found U-shaped relationship between urbanization and energy consumption. Liddle (2004) examined the impact of population and urban density on road use and transport energy consumption. The empirical results reported the inverse impact of population and urban density on transport energy consumption. Apart from that, Hoitedahl and Joutz (2004) argued that urbanization raises energy demand for two reasons: urban individuals seem to have more access to electricity (energy) appliances which may increase energy consumption due to the use of existing electrical appliances and purchasing new electrical items. Similarly, Kalnay and Cal (2005) pointed out that urbanization raises pressure on agriculture sector to produce more food. This raises the use of land as well as energy demand in agriculture sector. Bryant (2005) opined that urbanization is linked to industrialization, technological advancement, globalization and migration which add in energy demand. Likewise, Hemmati (2006) investigated the impact of income and urbanization on energy demand engaging the annual data of Iranian economy. Hemmati reported that urbanization leads industrialization and commercialization which affects energy consumption.

Using the Turkish data, Halicioglu (2007) applied the VECM Granger causality test to check the causal association amongst economic growth, energy prices, urbanization and energy use. He found that urbanization Granger causes energy consumption. Mishra et al. (2009) investigated the affiliation between urbanization and energy consumption by incorporating economic growth in the energy demand function for Pacific Island nations. They noted that energy demand is lead by urbanization. Tang (2009) investigated energy (electricity) demand function by incorporating FDI and population in the case of Malaysia. The empirical evidence provided by Tang (2009) indicates that population has positive impact on energy consumption as well as population Granger causes energy consumption. Zhao-hui (2010) investigated the relationship between different stages of urbanization and energy consumption. The results showed that energy demand Granger causes both industrial development and urbanization. 
Similarly, Poumanyvong and Kaneko (2010) looked into the relationship between urbanization and energy consumption by incorporating other potential variables such as economic growth, industrial development and population growth in the energy demand function. Their empirical evidence found that urbanization, economic growth, population and industrialization add in energy demand but technical efficiency lowers it. In newly industrialized economies countries, Hossain (2011) analyzed the affiliation amid energy use, real GDP growth and urbanization. His empirical exercise confirmed that the cointegration is present and the unidirectional causality exists running from real GDP growth to urbanization. Madlener and Sunk (2011) examined the impact of urbanization and urban structure on energy consumption using data of 100 developed and developing economies. They found that urbanization affects energy demand via changes in urban structure. Their results confirmed that urbanization is cause of economic development and increase in income levels changes the consumer necessities which in turn affect energy consumption.

In the Iranian economy, Abouie-Mehrizi et al. (2012) applied the energy demand function to inspect the outcome of population growth, urbanization and affluence on energy consumption. Their results exposed that population growth, urbanization and affluence raise energy consumption. Shahbaz and Lean (2012b) analyzed the linkage between urbanization and energy use by adding real domestic credit and industrialization in the energy demand function. They claimed that financial development, industrialization and urbanization have positive impact on energy consumption in Tunisia. Likewise, urbanization and financial development lead industrialization, which Granger causes energy demand. Similarly, Islam et al. (2013) also found that population is positively linked with energy demand in Malaysia. 

Ma and Du (2012) reinvestigated the relationship between urbanization, industrialization, energy prices and energy consumption using data of Chinese economy. They found that industrialization leads urbanization and urbanization has positive impact on energy demand due to an increase in urban density. Apart from that, Mickieka and Fletcher (2012) tested the impact of urbanization on coal consumption using the vector autoregressive framework and Toda and Yamamoto (1995) Granger causality approach. They incorporated real GDP and electricity production as potential determinants in the coal demand function. Mickieka and Fletcher exposed that coal consumption is cause of economic growth and urbanization causes electricity consumption as well as coal consumption in Granger sense. Zhang and Lin (2012) analyzed the impact of urbanization on energy consumption using national, provincial and regional data by applying the STIRPAT model. Their empirical evidence opined that urbanization has positive impact on energy consumption but varies across regions. Urbanization also lowers energy demand in West, Central and Eastern regions of China. Al-mulali et al. (2012) inspected the relationship amid urban population, energy use and carbon dioxide emissions by applying FMOLS approach. Their results signified no cointegration between the variables. Furthermore, urbanization positively affects energy consumption in most of sample countries. 

Poumanyvong et al. (2012) reinvestigated the impact of urbanization on national transport and road energy use using the data of developing, middle and high income countries. Their results showed that urbanization raises more demand for transportation and hence energy in developed economies. Surprisingly, the impact of urbanization on national transport and hence on energy consumption is positive but less in middle income countries. Sadorsky (2013) collected the data of 75 developing countries, including Pakistan to examine the impact of urbanization and industrialization on energy intensity by applying the mean group estimator (MGE). He found that income effect has negative impact on energy intensity i.e. -0.45%-0.35%. Furthermore, industrialization increases, i.e. 0.07%-0.12% energy intensity and impact of urbanization on energy intensity varies in various regions. Solarin and Shahbaz (2013) assessed the causal association between urbanization and energy consumption using annual frequency data for Angola economy. They investigated the long run relationship by engaging the bounds testing approach and the VECM Granger test is applied for causal link between the variables. Their empirical exercise exposed that electricity consumption and urbanization promote economic growth. They noted that growth leads electricity demand and electricity demand leads growth in Granger sense and similar holds for urbanization and electricity use. 

In a comparative study, Pachauri and Jiang (2008) noted that rural individuals consume more energy due to the heavy dependence on inefficient energy fuels and these energy fuels meet 85% of rural energy demand in China and India. In particular, O'Neill et al. (2012) applied iPETS (integrated-Population-Economy-Technology-Science) model to reassess the impact of urbanization on energy use in India and China. Their study noted that urbanization has impact on energy use but less than proportional in both countries due to the fast rate of urbanization which provides labor supply to enhance domestic production. Moreover, rural-urban disparity between China and India also affects the household energy use. The non-linear affiliation between urbanization and energy demand is also investigated. For example, Duan et al. (2008) used the data of 45 economies to assess the impact of urbanization on energy consumption by applying the ECUGA (Energy Consumption Unit Geometric Average) method. They found inverted U-shaped relationship between urbanization and energy consumption. Likewise, they noted that energy intensity increases if urbanization reaches to 40% to 50% and it starts to decline by 50% to 80% rise in urbanization. Jiang and Lin (2012) asserted that China is shifting from low-income group to middle income-group with faster economic growth which is supported by rapid industrialization and urbanization. They also documented that the relationship between urbanization and energy intensity is inverted-U shaped. Zhang and Qin (2013) criticized the findings reported by Jiang and Lin (2012) and noted that the empirical model used by Zhang and Qin, (2013) has specification problems. 
Apergis and Tang (2013) engaged the multivariate model to test the urbanization-energy nexus by including income and labor force in the energy demand function. They applied the Toda-Yamamoto-Dolado-Luutkepohl (TYDL) causality approach developed by Toda and Yamamoto (1995) and, Dolado and Luutkepohl (1996) using the data of 85 high, middle and low income countries. Overall, their empirical evidence revealed that energy consumption and urbanization are independent i.e. neutral effect. Al-mulali et al. (2013) investigated the impact of urbanization and CO2 emissions on energy use using the energy demand function in MENA countries. Their results indicated that urbanization and CO2 emissions are contributing factors to energy demand. They noted the feedback effect between energy consumption and urbanization. Brant (2013) probed the nexus between energy consumption, economic growth and urbanization using heterogeneous panel data of high, middle and low income countries. The results of Pedroni (2004) reported the existence of cointegration between the variables. Urbanization leads energy demand. The link between urbanization and energy consumption shows the phenomenon of ladder effect. Liu and Xie (2013) applied the threshold vector error correction model (TVECM) to scrutinize the alliance between urbanization and energy intensity in the case of China. Their results reported the non-linear relationship between both variables. They noted that urbanization leads energy consumption quickly before the threshold point, i.e. inverted U-shaped association between urbanization and energy consumption. Recently, Wang (2014) examined the impact of urbanization on residential energy consumption and energy production for Chinese economy. The empirical findings pointed out that urbanization leads residential energy demand. Urbanization stimulates industrialization, which enhances economic growth and resultantly, energy demand is increased. Recently, Liddle and Lung (2014) used data of 105 countries to observe the causality between urbanization and electricity demand by applying the panel Granger causality approach. Their empirical results specified that urbanization is caused by electricity supply in Granger sense.

For Pakistan, Alam et al. (2007) inspected the outcome of population growth and urbanization on energy demand by employing simultaneous equation method. They reported that domestic output, population growth, urbanization and energy consumption are interrelated for long span of time. Moreover, population growth and urbanization has positive effect on energy use. Zaman et al. (2012b) investigated energy (measuring by electricity) demand function. Their results indicated that population leads urbanization which resultantly leads energy demand. Lastly, Ali and Nitivattananon (2012) explored the interrelationship between land use and energy consumption in the case of Lahore applying an integrated and multi-disciplinary approach. They unveiled that industrial and residential sectors are major drivers to raise energy demand in Lahore city.
2.3 Foreign Capital Inflows and Energy Consumption

The debate that foreign capital inflows play a vital role in accelerating economic growth started some decades ago. For example, Hymer (1960), Buckley and Casson (1976), Edwards (1990) and Borensztein et al. (1998) argued that FDI boosts economic growth of the recipient economy by enhancing spillover effects and the degree of complementarity (extrusion) between foreign direct investment and local investment. This all may also affect energy consumption. The relationship between FDI and energy use reveals that FDI has effect on energy use via improvements in technology of recipient countries. FDI investment improves the productivity of enterprises by implementing the advanced technology with better management. This shows that FDI can reduce energy demand by adopting the advanced and energy-efficient technologies during the production process. Mielnik and Goldemberg (2002) investigated the relationship between foreign direct investment and energy consumption by incorporating real per capita GDP growth in energy demand function for 20 developing economies. They found that decline in energy demand is linked with an increase in FDI. Moreover, they unveiled that FDI comes with advanced technology in developing economies and in resulting, domestic production increases with less use of energy. On contrary, Antweiler et al. (2001) exposed that FDI affects output of recipient economy by affecting energy demand. Cole (2006) argued that the effect of FDI on energy use varies across the countries due to the difference in economic conditions in recipient countries such as economic structure, economic development and energy prices. Hubler (2009) investigated the effect of FDI and import energy efficient technologies on energy use by applying CGE (Computable General Equilibrium) model. The results showed that foreign direct investment encourages the adoption of energy-efficient technology that declines energy consumption. Hai (2009a) confirmed the view reported by Hubler (2009) that foreign direct investment improves technological progress and declines energy use. Chima (2007) investigated the determinants of energy intensity in the case of USA and supported the argument by Mielnik and Goldemberg (2002). Xiaoli et al. (2007) explored that distribution of FDI also affects energy demand in the case of China. Zheng et al. (2011) probed the alliance of FDI with use of energy and found that FDI declines energy intensity. They opined that foreign direct investment intensifies and increases market competition in recipient countries to increase efficiency in developing more energy efficient technologies and in resulting, energy intensity is reduced. For Indonesian economy, Irawan et al. (2010) investigated the determinants of energy intensity in manufacturing sector and reported that manufacturing sector has significant impact on energy intensity but impact varies at sub-sector levels. Sadorsky (2010) collected the data of 22 developing economies to explore the effect of FDI on energy use and found that FDI increases energy consumption. He argued that FDI makes business cheaper by providing access to financial capital. Furthermore, Lee (2013) examined the outcome of FDI and domestic output growth on energy use and clean energy consumption for G-20 economies. The results showed the positive impact of FDI on energy demand as well as on clean energy use. 

For Malaysian economy, Tang (2009) estimated the electricity demand model by incorporating FDI and population as major factors of domestic output and electricity consumption. The results showed that FDI increases electricity use via stimulating real GDP growth as well as heavy investment in manufacturing and high-tech industries. Similarly, Bekhet and Othman (2011) investigated the temporal causality between FDI and electricity use by incorporating consumer prices in electricity demand function. They applied the VECM Granger causality and found that electricity consumption Granger causes foreign direct investment, consumer prices and economic growth in Malaysia. Tang and Tang (2014) reexamined the effect of FDI on electricity use by adding relative prices in the electricity demand function. They found that FDI adds in electricity use in the long-run, but in the short-run, electricity consumption is reduced due to growth in FDI. Furthermore, they noted that FDI Ganger causes electricity use.  

For Portuguese economy, Banto (2011) investigated the relationship between net foreign inflows and energy consumption by adding real GDP growth in the energy demand function. Banto (2011) found that economic growth adds in energy demand and net foreign inflows reduce energy consumption. Banto (2012) probed the relationship between FDI and renewable electricity supply using the electricity supply function. The empirical analysis reported the cointegration between the variables and FDI causes renewable electricity generation and resultantly, renewable electricity generation causes FDI, confirmed by the VECM Granger causality test. Erdem (2012) conducted a study to find either foreign direct investment determines the energy efficiency via technology transfer or not by applying the panel data approach. The empirical result showed that foreign direct investment improves energy intensity via transfer of advanced technology. 

For Chinese economy; Elliott et al. (2012) collected the data on FDI and energy demand of 206 Chinese cities over the period of 2005-2008. They investigated the outcome of FDI on energy intensity by applying city-level panel data within China. Their micro-level empirical evidence found that foreign direct investment and energy intensity are negatively linked. Herrerias et al. (2012) examined the result of FDI and domestic investment on regional energy use in China by applying panel-corrected standard errors introduced by Beck and Katz (1995). Their results indicated that foreign direct investment plays major role in declining energy consumption, but impact varies in various regions while domestic investment increases energy intensity. Hai (2009b) probed the linkage amid FDI, technology and energy consumption in China. The findings exposed that FDI leads technology, which in resulting declines energy use. Apart from that, on the contrary, Han (2011) applied the input-output approach as well as Logarithmic Mean Division Index (LMDI) to reassess the affiliation between FDI and energy intensity. The results showed that an increase in FDI lowers energy intensity in manufacturing sector of China and output growth increases energy intensity. Moreover, Yuan-yuan and Hai-ning (2011) claimed that regions having skilled human capital can reap maximum fruits of FDI to stimulate economic growth and energy intensity is declined due to adopting energy-efficient technologies.
On the contrary, Hubler and Keller, (2009) investigated the effect of foreign direct investment on energy intensity using data of developing economies. They documented that FDI reduces energy consumption via energy-efficient technology is not true. Their empirical results supported the view that FDI increases energy demand via the scale, composition and technique effects. Finally, Ting et al. (2011) decomposed the effect of FDI on energy consumption by engaging the Logarithmic Mean Division Index (LMDI) in the case China. Their results exposed that foreign direct investment via the scale effect influences energy use, but FDI structure via the technology effect does not reduce energy consumption. Kuo et al. (2012) reinvestigated the relationship among FDI, economic growth and energy use over the period of 1978-2010. They found feedback effect between foreign capital inflows and energy consumption.
Ting et al. (2010) scrutinized the impact of energy price, energy demand structure, industrial structure, technology progress, FDI and regional economic developing level on industrial energy intensity. Their results revealed that foreign direct investment affects industrial energy intensity, but impact of energy prices, energy consumption structure, industrial structure, technological progress, and regional economic growth on energy intensity varies region-wise. Sultan (2012a) investigated the nexus between FDI and energy consumption in textile sector for the case of Mauritius by applying ordinary least squares (OLS) and frontier exponential model. The empirical results showed that foreign direct investment leads capitalization in textile sector which increases energy demand. Zaman et al. (2012b) investigated the effect of inflows of foreign capital on energy demand while exploring the major factors of electricity use in Pakistan by applying cointegration and causality approaches. They found cointegration between the series. Moreover, their findings indicated that influx of foreign capital inflows boosts economic activity and then raises electricity demand.

Dube (2009) analyzed the causality amongst electricity, FDI and growth using electricity demand function in South Africa. The empirical evidence showed that cointegration is present amid the variables. Further, FDI Granger causes electricity use and in resulting, electricity consumption Granger causes foreign direct investment. Tang (2009) applied the VECM Granger causality test to visit the causal linkage and reported that electricity demand is cause of FDI in Granger sense for the long-run. He et al. (2012) used the VAR model to survey the affiliation amongst energy use, economic growth and FDI over the period of 1985-2010 in the case of Shanghai. Their results found the long-run rapport between the variables and real GDP growth Granger causes energy use and FDI is Granger cause of energy consumption. Oke et al. (2012) examined the liaison amid FDI, exchange rate and energy consumption over the period of 1975-2008 by applying Generalized Method of Moments (GMM) for the Nigerian economy. They unveiled that energy consumption is a major determinant to attract foreign direct investment, but energy use is not cause of FDI in Granger sense. In the case of Pakistan, Zaman et al. (2012b) reported that electricity use is cause of foreign capital inflows in Granger sense.

Lee (2013) explores the association among FDI, energy use, CO2 emissions and per capita real GDP growth for the G20 economies. The results indicated that FDI contributes to domestic output growth and declines energy demand due to use of energy-efficient technology. Mudakkar et al. (2013) investigated the energy demand function using the data of SAARC economies such as Pakistan, Bangladesh, India, Nepal and Sri Lanka. They applied Toda-Yamamoto-Dolado-Lutkephol (TYDL) to check the causal rapport between the series. Their analysis showed the bidirectional causality between FDI and use of energy in Pakistan. Elliot et al. (2013) revisited the alliance between FDI and energy use using the data from 206 cities of 19 Chinese provinces over the period of 2005-2008. They found that FDI declines energy use in China. Omri and Kahouli (2013) investigated the rapport between FDI by incorporating output growth as an important determinant of FDI and hence energy consumption using data from 65 countries. They found that FDI increases energy consumption in less developed and developing economies. Alam (2013) investigated the link between FDI, economic growth and electricity consumption using Pakistani and Indian economies data. The empirical evidence indicated that the cointegration is valid amongst the series in both countries. In case of Pakistan, causality analysis showed that FDI and economic growth Granger cause electricity consumption.

Recently, Sbia et al. (2014) applied the multivariate model to visit the alliance between FDI and clean energy use by adding output growth and trade in CO2 emissions function in the case of United Arab Emirates (UAE). Their results indicated that FDI and clean energy consumption measured by natural gas consumption are interdependent i.e. feedback effect. Using data of developing economies, Hassaballa (2014) assessed the rapport between FDI and energy consumption by applying panel fixed effect model. The results exposed that energy use is cause of FDI in Granger sense and resultantly, energy use causes FDI in Granger sense. Hamdi et al. (2014) investigated the association amid FDI, electricity use and output growth and capital and production function using data of Bahrain. They reported that the association between FDI and electricity consumption is interdependent.     

2.4 Trade Openness and Energy Consumption

Existing literature provides enough empirical manifestation examining the alliance between trade openness and environmental pollutants. Primarily, Grossman and Krueger (1991), Cole and Elliott (2003) empirically inspected the alliance between trade liberalization and degradation of environment and provided ambiguous outcome of trade on CO2 emissions. Antweiler et al. (2001) pointed out that the relationship between trade and environment explores the channels through which trade openness influences energy demand. They claimed that trade openness affects environment as well as energy consumption via the income effect, the technique effect and the composition effect. Antweiler et al. (2001) argued that factor endowment due to comparative advantage, different levels of income as well as environmental regulations also affects energy consumption. Similarly, Cole (2006) investigated the impact of trade liberalization on energy consumption using the data of 32 countries. Cole (2006) reported that income has positive impact on energy demand and capital-labor ratio also adds in energy consumption. Dollar and Kraay (2004) argued that trade openness promotes private capital that leads to industrialization. Simultaneously, trade openness affects industrial energy demand. Stern (2007) analyzed the impact of NAFTA on energy consumption in the case of Canada and Mexico, but could not find a conclusive effect of trade liberalization on energy intensity.     

Jena and Grote (2008) explored the link between trade openness and energy consumption using a fixed effect model. Their results showed that trade openness affects energy consumption via the income effect, the scale and the technique effect; and the composition effect. Kahlr and Roland-Holst (2008) used Chinese data to probe the nexus between energy consumption and exports by applying energy demand function. Their results indicated that growth in exports has positive impact on domestic energy consumption. Chintrakarm and Millimet (2008) investigated the trade flows and energy intensity relationship using the US state-level data. They found that the effect of trade flows on energy intensity is different in different states even impact of sectoral trade flows on sectoral energy demand is heterogeneous. Trade openness declines industrial energy demand and residential sectors, but raises energy demand in commercial and transport sectors. The pooled regression results confirmed the U-shaped relationship between growth in real GDP per capita and energy use and similar is true for capital-labor ratio and energy demand. Trade openness impacts energy demand positively and significantly. The effect of trade factor-endowment on energy consumption is negative. 

Using the data of Middle Eastern countries, Narayan and Smyth (2009) examined the link between energy use and output growth by incorporating exports in the production function. They found that output growth is positively affected by electricity use and exports. The causality results exposed that output growth and electricity use are cause of exports in Granger sense. In the case of Malaysia, Lean and Smyth (2010a) investigated the linkage between supply of electricity and growth of exports. They exposed that electricity generation Granger causes exports and adoption of electricity conservation policies would impede exports, which is an engine of economic growth. Using the multivariate Granger causality approach, Lean and Smyth (2010b) revisited the electricity-exports nexus and found that exports Granger cause per capita real GDP growth and electricity consumption. 

Erkan et al. (2010) investigated the liaison between energy growth and growth in exports using Turkish data. The empirical evidence illustrated that the cointegration is present between energy consumption and exports. Furthermore, energy consumption boosts exports growth for Turkish economy. Similarly, Halicioglu (2011) utilized the multivariate neo-classical production function to check the liaison between electricity use, output growth and exports. The results found that cointegration exists between the variables and electricity consumption, exports and labor seem to contribute to output growth. In the case of Brazil, Sami and Makun (2011) explored the affiliation among electricity use, per capita real GDP growth and exports by employing the trivariate model. The bounds testing analysis showed cointegration among the series. Furthermore, their findings indicated that per capita real GDP is stimulated by electricity use, which in resulting enhances export growth. Similarly, Sami (2011) applied the multivariate model using Japanese data to examine the affiliation between real income per capita, electricity consumption and exports. The empirical evidence unveiled that electricity use, income growth per capita and exports are interrelated for the long-run. The causality analysis exposed the long run causality running from income growth per capita and exports to electricity use.  

In the case of Middle Eastern countries, Sadorsky (2011) examined the impact of trade openness on energy consumption by incorporating oil prices and income in the energy demand model. The long-run association among the variables was confirmed. The causality analysis depicted that exports Granger cause energy consumption in the short-run. Imports cause energy use and resultantly, energy use causes imports in Granger sense. The empirical evidence by FMOLS (fully-modified ordinary least squares) exposed that energy demand increases by 0.11% (0.04%) due to 1% increase in exports (imports). For Chinese economy, Zheng et al. (2011) considered the effect of exports on energy intensity in Chinese industrial sub-sector using threshold regression. Their results reported that growth in exports is linked with high energy intensity. This impact of exports on energy intensity is subject to the use of technology to be implemented during the production process. The adoption of advanced technology and foreign direct investment lowers energy intensity in sub-industrial sectors.   

In the case of Mauritius, Sultan (2012b) applied the neo-classical production function to observe the outcome of energy, exports, capital, and labor on domestic output. The empirical evidence exposed that the cointegration is present amid the variables. Domestic output and exports growth is cause of electricity use in Granger sense. Sadorsky (2012) investigated the trade-energy nexus by applying the production function in the case of South American countries by incorporating oil prices and income as major factors of energy demand. The findings revealed the existence of panel cointegration among the series. The panel Granger causality results unveiled that energy consumption Granger causes economic growth, and then exports Granger causes economic growth, and hence growth in energy use. Similarly, energy use is cause of economic growth and imports. Ghani (2012) revisited whether trade liberalization impacts energy consumption by using the data of 54 low and high income countries. The empirical evidence showed that trade openness does not have significant impact on energy consumption until capital per capita and labor are not incorporated. Trade liberalization influences energy consumption after a threshold level of capital per labor. The effect of trade liberalization is not restricted to economic growth while economic growth affects energy consumption directly via activating economic process in the country.   

Hossain (2012) applied the multivariate regression to scrutinize the linkage between electricity use and exports by adding international remittances and output growth by using the panel of three countries of the SAARC region (Pakistan, India and Bangladesh). The empirical findings of these tests indicated that cointegration exists between the variables. For Pakistan, electricity consumption, exports and remittances Ganger cause output growth in the long-run, while electricity use is cause of output growth in Granger sense for the short-run. Using U.S data, Gross (2012) studied the link between energy use and real GDP per capita by including energy prices, trade, capital in the multivariate framework. The empirical evidence depicted that trade openness and capitalization increase energy consumption. The neutral effect is confirmed between energy consumption and trade openness confirmed. Dedeoglu and Kaya (2013) collected the data on energy use, imports, exports and real GDP per capita growth of the OECD countries. They observed the affiliation between imports, energy consumption and exports. They applied causality test developed by Canning and Pedroni (2008) and found that energy use is cause of exports and imports in Granger sense. 

Shahbaz et al. (2013b) applied energy demand function by incorporating trade openness and financial development, while keeping the effect of labor on energy consumption constant for Chinese economy. Their empirical finding confirmed the presence of cointegration amid the series. They noted that real GDP per capita growth and capital have positive impact on energy consumption. The causality analysis revealed that energy use is cause of real GDP per capita growth which leads exports (imports) and trade openness. Katircioglu (2013) applied the imports demand function by adding energy consumption to scrutinize the causality among the variables in the case of Singapore. He found that volume of imports has positive impact on energy demand. The causality results reported that energy consumption Granger causes imports. Tang et al. (2013) revisited the relationship between trade openness and energy use by incorporating relative prices in energy demand function for Portuguese. Their analysis illustrated that energy use is boosted with an increase in trade openness and trade openness causes energy demand in Granger sense. 
Recently, Aissa et al. (2014) scrutinized the liaison between output, energy (renewable) and trade using data of African economies. They reported that renewable energy consumption, exports and imports enhance real GDP per capita growth. The neutral relation is found among exports (imports) and renewable energy consumption. Farhani et al. (2014) augmented the neo-classical production function by adding trade to test the linkage between consumption of natural gas and domestic output using Tunisian data. They exposed that economic growth is function of natural gas consumption, trade, capital and labor. Moreover, their empirical findings indicated that domestic output and consumption of natural gas are cause of trade in Granger sense. Nasreen and Anwar, (2014) tested the link between trade, energy and real output in Asian economies. They noted that energy use is positively affected by real GDP per capita growth and trade. Moreover, trade openness causes energy use and resultantly, energy use causes trade openness in Granger sense. Shahbaz et al. (2014b) tested the link between trade and energy consumption using data of 91 countries. Their empirical evidence exposed that link between trade and energy in inverted U-shaped i.e. energy consumption increases with a boost in trade openness and energy use declines after the threshold level of trade in developed economies. In middle and low income economies, the affiliation between trade and energy is U-shaped.    
For Pakistan, Siddiqui (2004) used production function to examine the correlation between energy use and growth in real GDP per capita by adding human capital and exports as major factor growth in real GDP and energy use. Siddiqui (2004) found that energy use is the major determinant of growth in real GDP, but the neutral effect was also found between growth in exports and energy use. Shahbaz et al. (2013a) tested the liaison between economic growth and natural gas consumption by adding exports in the neoclassical production function. Their findings confirmed that the cointegration between the series is present. Furthermore, their empirical results reported that natural gas consumption, exports, capital and labor add in economic growth. They also showed that economic growth is cause of natural gas consumption and natural gas consumption causes exports. Raza et al. (2015) reexamined the linkages between trade and energy consumption in Pakistan. They found that economic growth, exports and imports increase energy consumption. Their empirical analysis unveiled the feedback effect between exports (imports) and energy consumption.   

2.5. Critical Evaluation and Significance of the Study

The energy growth nexus has been investigated by Raiz and Stern (1984), Iqbal (1986), Aqeel and Butt (2001), Zaman et al. (2011), Nawaz et al. (2012), Shahbaz and Feridun (2012) using the bivariate approach in the case of Pakistan. These studies provided conflicting empirical findings on the link between energy use and real GDP growth. Thus depart from the common understanding on nexus between these variables and hence it remains a critical issue in existing energy literature. For example, Chishti and Mahmud (1990) and Mahmud (2000) estimated the manufacturing energy demand function. Mushtaq et al. (2007) investigated the agri-energy demand function. Liew et al. (2012) probed the impact of sectoral growth on energy consumption, but ignored the role of energy prices on energy demand at sectoral level. Qazi and Yulin (2013) estimated the industrial production function but did not incorporate energy prices whilst scrutinizing the affiliation between energy use and industrial output. 

Alam et al. (2007) explored the affiliation between urbanization and energy use by incorporating population growth in the energy demand function. Zaman et al. (2012b) incorporated urbanization in electricity demand function as an additional determinant of economic growth and electricity demand. Both studies have ignored the impact of transportation on energy consumption. Zaman et al. (2012b) reported that foreign capital inflows (proxies by foreign direct investment) affect electricity consumption. Foreign direct investment cannot capture the phenomenon of all foreign capital inflows such as foreign portfolio investment and foreign remittances. Siddiqui (2004) incorporated exports in the production function to observe the association between exports and energy use. Shahbaz et al. (2013a) estimated the natural gas (energy) demand function by including exports as a major factor of natural gas consumption. Siddiqui (2004), Shahbaz et al. (2013a) and Raza et al. (2015) ignored the possible effects of trade openness on energy consumption via the scale effect, the composite effect, the technique effect and the comparative advantage effect. 

Most of the above studies applied Johansen-Juselius (1990) cointegration technique to scrutinize the long-run relation between the series. This cointegration approach is invalid if the variables are stationary at various levels of integration. Moreover, the stationarity properties of the variables are tested by traditional unit root tests such as ADF and PP which ignore the role of structural breaks in the series. This shows that the empirical evidences of the above studies may be biased due to omission of relevant variables and methodological bias. The occurrence of structural break may be cause of unit root problem. To overcome all the above issues, the present study is an interesting addition in energy literature in case of Pakistan.    
CHAPTER 3

THEORETICAL FRAMEWORK 
AND RESEARCH METHODOLOGY
This chapter deals with the theoretical framework, definitions of the variables and research methodology. We have defined all the variables well and indicated their data source. We have generated index of foreign capital inflows using principal component analysis. We have applied ADF and PP to examine the unit root properties of the variables. To solve the problem of structural breaks in the series, we have employed structural break unit root tests such as Clemente et al. (1998) and, Narayan and Popp (2010). The bounds testing approach to cointegration is utilized to observe the existence of cointegration amid the series accommodating structural breaks. The long run relationship between the variables is tested by applying the ordinary least squares (OLS) method but error correction method (ECM) is used for the short run impact of independent variables on dependent variable. The vector error correction method (VECM) Granger causality test is employed to test the direction of causal relation amid the variables.      
3.1 Theoretical Framework
3.1.1 Economic Growth and Energy Consumption

The energy-growth relation has been widely investigated by applying the supply-side and demand-side production functions (Ozturk, 2010). Researchers used cross-sectional as well as time series data but provided inconclusive empirical findings. For example, the supply-side production function considers energy as an input source of economic growth. But, Lee and Chang (2005) argued that economic growth (rise in per capita income) may also affect energy consumption. This implies that supply-side growth models ignore the role of demand factors affecting energy consumption. To overcome this issue, Riaz and Stern (1984), Hondroyiannis et al. (2002), Yu et al. (2008), Kaplan et al. (2011), Shahbaz and Lean (2012b), Hossein (2012) and Adom (2013) applied energy demand function to examine the impact of demand pull factors such as income and energy prices on energy demand in the case of Pakistan, Greece, Mexico, China, Malaysia, Turkey, Tunisia, OPEC countries and Ghana respectively. Their results reveal that income has positive impact on energy demand, but energy prices have negative effect on energy consumption. 

We note that agricultural sector growth, industrial sector growth and services sector growth are contributing factors to Gross Domestic Product (GDP) affecting energy demand. Agriculture sector contributes to energy demand directly affecting rural economy and indirectly contributing to economic growth. Similarly, industrial sector affects energy consumption by boosting industrialization as well as urban economy and by contributing in economic growth. Lastly, services sector is also a potential determinant of energy consumption. In recent decades, services sector has become more energy consuming sector due to its rapid growth. This sector utilizes advanced technology compared to other sectors of an economy. Furthermore, an increase in investment activities generates employment opportunities not only for skilled but also for unskilled labor and hence increases per capita income of working class. This rise in their income levels will affect energy demand. Investment is also a stimulator of industrial and services sectors’ growth. Investment declines energy intensity by adopting energy efficient technology (Wang et al. 2012) otherwise it increases energy demand (Lee, 2013). 

3.1.2 Urbanization and Energy Consumption

Economic growth leads to urbanization as well as social modernization (Martínez-Zarzoso, 2008; Poumanyvong and Kaneko, 2010). Urbanization is also called the renovation of rural population into urban population i.e. conversion of rural areas into urban areas (Poumanyvong and Kaneko, 2010). Urbanization leads to industrialization, which affects energy consumption (Jones, 1991; Dhal and Erdogan, 1994). Urbanization affects energy demand by raising demand for housing, transportation and other public utilities supply by government, urban density (Cole and Nuemayer, 2004). Urbanization increases the road use due to industrial activities (Liddle, 2004), pressurizes agriculture sector to produce more food both for rural as well as urban population (Kalnay and Cal, 2005), increases commercialization (Hemmati, 2006), changes urban structure (Madlener and Sunk, 2011), stimulates financial development which leads to promotion of investment activities and industrialization (Shahbaz and Lean, 2012b), raises the demand for production material (Zhou et al. 2011), increases migration of labor from rural areas to the urban sector (Xia and Hu, 2012) and boosts economic activity (Sadorsky, 2013). These factors are also cause of urbanization and affect energy demand. But, transportation variable has been discussed theoretically in existing literature but never empirically included in IPAT (Integrated Population, Affluence and Technology) model. We have included transportation to detain the outcome of transportation on energy demand in case of Pakistan. Transportation sector is a significant contributing factor of energy demand.
3.1.3 Foreign Capital Inflows and Energy Consumption

Openness to trade also provides routes to shift financial resources such as foreign direct investment across the borders. The theoretical and empirical discussion on foreign capital inflows and economic growth was started some decades ago. For example, Hymer (1960), Buckley and Casson (1976), Dunning (1980), Edwards (1990) and Borensztein et al. (1998) argued that FDI boosts economic growth of the recipient country by enhancing spillover effects and the degree of complementarity between foreign direct investment and local investment (Caves, 1982; Culem, 1988; Lucas, 1993; Barrell and Pain, 1997; Shah and Ahmed, 2002; Aqeel and Nishat, 2004 and, Shahbaz and Rahman, 2010). Although, the alliance between FDI and GDP growth is indecisive, but foreign direct investment has positive externalities such as productive efficiency, advanced technology, human as well as managerial skillfulness, learning by doing, new methods of production and access to international markets (see for more details, Rahman and Shahbaz, 2013). So, following these fundamental factors, FDI affects energy use via the scale effect, the composite effect and the technique effect (Stern, 2004; Lee, 2013). 

FDI lowers energy use via adopting advance and energy efficient technology as well as intensifying market competition [Chima, (2007) for the USA; Xiaoli et al. (2007) for China; Irawan et al. (2010) for Indonesia]. FDI increases energy use by stimulating economic growth (Tang, 2009; Banto, 2011), doing business cheaper (Sadorsky, 2010) and boosting the industrialization (Bekhet and Othman, 2011), via the scale, composition and technique effects in developing economies (Hubler and Keller, 2009), enhancing exports potential of an economy (Sultan, 2012a, b), raising stock market capitalization in host country (Zaman et al. 2012c). But, Antweiler et al. (2001) noted that FDI impacts output of the recipient country but does not have effect on energy consumption due to weak the technique effect. We have incorporated exports and devaluation as potential determent of energy demand. Exports may affect energy consumption directly and indirectly by stimulating economic activity. Exports impact total factor productivity as well as economies of scale. Exports are also considered as a source of transfer of advance technology, improvement in workers’ skill which affects production level in an economy. Exports provide a way for efficient utilization of domestic resources without discriminating the domestic market (Shahbaz et al. 2013b) that affect energy consumption. Similarly, devaluation of local currency increases energy demand if it is expansionary i.e. devaluation raises demand of export items due to their cheaper prices in international market and directly raises energy demand. Furthermore, devaluation indirectly affects economic activity via exports channel which in resulting affects energy demand. On contrarily, devaluation reduces energy demand if it reduces experts demand and economic growth. These potential determinants of energy consumption have also been ignored in earlier studies. We have incorporated foreign capital inflows, exports and devaluation in energy demand function.
3.1.4 Trade Openness and Energy Consumption

Trade openness affects domestic production and hence GDP growth through various channels. For example, trade openness provides routes to transfer advance technology from high income countries to low income economies. Trade helps to reap the fruits of openness by persuading an economy to diffuse and adopt advance technology. Openness of an economy also provides new opportunities such as the discovery of new international markets for her exportable items via telecommunication and transportation (Shahbaz, 2012). Trade openness improves the economic efficiency via creating competition between local and foreign investors in the host country. All this affects domestic economy in the host country (Shahbaz, 2012). This implies that trade openness first affects economic growth, which influences energy demand. Antweiler et al. (2001) explored the three channels affecting energy consumption, such as the income effect, the technique effect and the composite effect. Trade openness affects domestic production and in resulting, economic growth is affected. So, trade openness affects energy demand via economic growth channel is termed as the income effect. Trade openness also provides access to advanced technology to be implemented for enhancing domestic production in developing economies that affects energy demand is called the technology effect. Trade openness affects energy demand via composite effect i.e. capital-labor ratio if sectoral structure of an economy changes. This shift of an economy from agriculture to industry and then from industry to services may affect capital-labor ratio as well as energy demand. Trade openness leads to industrialization, which affects energy demand (Jena and Grote, 2008). Trade openness leads to urbanization due to increase in migration of labor from rural to urban sectors with industrialization, which affects energy consumption (Sadorsky, 2013). Trade openness also helps in shifting human resource from developing economies to international market (or where it is demanded) and affects the level of foreign remittance which has impact on energy demand. Trade openness increases transportation to shift the exports (imports) from ports to international markets (production places) which raises energy demand (Sadorsky, 2013). This entails that trade openness affects energy consumption via the income effect, the technique effect, the composite effect and the comparative advantage effect. 
3.2. Definition of Variables

3.2.1 Energy Consumption per Capita

The data on energy consumption is available in kt of oil equivalent. The overall population variable is used to convert it into per capita energy use. The one unit of energy is equalent to kg of oil. The data for both variables has been taken from Economic Survey of Pakistan (hereafter ESP) (2011-2012) released by the Ministry of Finance (hereafter MF), Government of Pakistan.

3.2.2 Real Agriculture Value Added Per Capita

The data on agriculture value added is available in Pak rupees at constant prices (1999-2000). We use the overall population variable to convert it into real agriculture value added per capita. The data for both variables has been taken from ESP (2011-2012) printed by the MF, Government of Pakistan.

3.2.3 Real Industrial Value Added per Capita

The data on industrial value added is available in Pak rupees at constant prices (1999-2000). The overall population variable is utilized to transform it into real industrial value added per capita. The data for both variables has been taken from ESP (2011-2012) released by the MF, Government of Pakistan.

3.2.4 Real Services Value Added per Capita

The data on services sector value added is available in Pak rupees at constant prices (1999-2000). The overall population series is used to convert it into real services sector value added per capita. The data for both variables has been taken from ESP (2011-2012) issued by the MF, Government of Pakistan.

3.2.5 Energy Prices

The data on energy prices is available in Pak rupees at constant prices (1999-2000). This data has been extracted from Energy Yearbook (2011-2012), Government of Pakistan.

3.2.6 Real Investment per Capita

The data on investment is available in Pak rupees at constant prices (1999-2000). We use the overall population series to transform it into real investment per capita. The data for both variables has been taken from ESP (2011-2012) printed by the MF, Government of Pakistan.
3.2.7 Urbanization

The data on urbanization is measured by urban population. The overall population variable is used to transform it into urbanization per capita. The data for both variables has been taken from ESP (2011-2012) issued by the MF, Government of Pakistan.

3.2.8 Real Income per Capita

The data on income is available in Pak rupees at constant prices (1999-2000). The overall population series is utilized to change it into real income per capita. The data for both variables has been taken from ESP (2011-2012) issued by the MF, Government of Pakistan.

3.2.9 Technology

The data on services and industrial value added is available in Pak rupees at constant prices (1999-2000). We have generated an interaction term of both variables (industrial value added × services value added) (Shahbaz and Chaudhary, 2010). Then, we have used observation of fiscal year (1999-2000) as the base year and divided the series of interaction terms on the base year (1999-2000) then multiplied it by outcome by 100 to generate an index of technology. The data for industrial value added and services value added has been taken from ESP (2011-2012) published by the MF, Government of Pakistan.
3.2.10 Transportation

The transportation variable is measured by vehicles (on per km of road). The data has been taken from ESP (2011-2012) released by the MF, Government of Pakistan.

3.2.11 Foreign Capital Inflows per Capita

There is no unique proxy available in existing economics literature to be used for foreign capital inflows. Various researchers used different proxies for foreign capital inflows. Many researchers used FDI as a proxy for inflows of foreign capital such as Yasmin (2005), Baharumshah and Thanoon (2006), Shahbaz and Rahman (2010, 2012), Raza and Jawaid (2012), and, Rahman and Shahbaz (2013). In some studies, focus was given to include foreign portfolio investment and foreign aid by Le and Ataullah (2006). Carlson and Hernandez (2002) used foreign direct investment, short term debt and foreign portfolio investment as indicators of foreign capital inflows. Chinn and Ito (2010) also used foreign capital inflows proxies by net FDI inflows as a share of GDP. Shah et al. (2012) used FDI, loans and foreign portfolio investment as indicators of inflows of foreign capital, but ignored the role of foreign remittances which is a major source of foreign inflows in Pakistan. It is difficult to confine the outcome of foreign capital inflows on economic growth or other macroeconomic indicators. The reason is that these three indicators have high pair-wise correlation. In such situation, empirical results cannot help policy making authorities to reap fruits of foreign capital inflows. To overcome this issue, Mileva (2008) constructed an index of foreign capital inflows using three components such as foreign direct investment, loans and portfolio (equity and bonds) investment. Mileva used weighted average method to generate the series of foreign capital inflows. The main disadvantage of weighted average index is that the value of the weighted average index is sensitive with outlier in the data. This method of index generation does not capture true picture of the series in the presence of high volatility and same is true for additive method for index generation (Sricharsoen and Buchenrieder, 2005). To overcome these issues, we move for index generation by using the principal component analysis. We use three components such as real FDI, real foreign portfolio investment and real foreign remittances to generate index of foreign capital inflows using the Principal Component Analysis (PCA). The PCA helps in overcoming the problem of multi-colinearity and degree of freedom may occur if mentioned series are used in the model. This method transforms all correlated variables into small uncorrelated series named as principal components. The PCA does not change the original variation in the data set. The functional form of mathematical procedure is given below:
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where 
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is number of variables to be organized and 
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 is number of observations. The Principal Component Analysis provides principal components i.e. 
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 artificial variables. The PCA is a linear combination of X matrix columns, in which weights are elements of an eigen vector to the data covariance matrix, provided the data are centered and standardized. There is no correlation between principal components. The empirical equation of the first principal component following linear combination is given below:     
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This equation shows that vectors of 
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. The origin of the ordinate axes is the initial point of all the principal components. Each principal component shows the direction of maximum variation from the origin. The subsequent of principal components are mutually independent to first principal component describing the maximum variance of residual (Sricharsoen and Buchenrieder, 2005). The process of principal component analysis starts from correlation matrix. The Table-3.2.11.1 reported the results correlation analysis and we find that high correlation is present of FDI with foreign remittances. The correlation between foreign remittances and international portfolio investment is also high and similar conclusion is drawn for FDI and foreign portfolio investment. 

Table-3.2.11.1: Correlations Matrix

	Variables 
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The high correlation between the variables points out the problem of multi-colinearity if all the variables are used in the model simultaneously. The occurrence of multi-colinearity may produce inefficient empirical results. To solve this issue, we used Principal Component Analysis (PCA) to attain the components of foreign capital inflows following Sricharsoen and Buchenrieder (2005). The results of Principal Component Analysis are reported in Table-3.2.11.2. The results show that the variables are highly correlated which is perquisite to generate the index for foreign capital inflows. Furthermore, we find that first principal component explains 78.04 per cent of standard variance for individual variable. A 13.90 per cent and 8.06 per cent of standard variance for individual variables is explained by second and third components respectively. We used information of the first Principal Component Analysis (PCA) as a weight to construct a series of foreign capital inflows.       

Table-3.2.11.2: Principle Component Analysis

	
	PAC 1
	PAC 2
	PAC 3

	Eigen value
	2.3411
	0.4169
	0.2418

	Variance Prop.
	0.7804
	0.1390
	0.0806

	Cumulative Prop.
	0.7804
	0.9191
	1.0000

	Eigenvectors

	Variable
	Vector 1
	Vector 2
	Vector 3
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 shows the real foreign portfolio investment.


The graph of foreign capital inflows series shows relatively low increments, but in 1995, series showed a sudden downward trend. This indicated the impact of foreign exchange crisis in 1995. After 2001, foreign capital inflows rose upwards, showing the effect of 9/11. All overseas Pakistan felt that “Pakistan is safe a place for their earnings” and they remitted their money to Pakistan. The government of Pakistan had also implemented economic, financial and investment liberalizations during 1999-2002 which also attracted foreign capital inflows such as FDI and portfolio investment. So, State of bank of Pakistan announced foreign remittance package policy as well as crackdown started by SBP on illegal Hundi and Hawala money transfer channels which increased the volume of foreign remittances (SBP, 2011). This increase in foreign remittances has shifted foreign capital inflows upwards.    

Figure-3.2.11.1: Foreign Capital Inflows per Capita

[image: image26.emf]0

200

400

600

800

1,000

1,200

1975 1980 1985 1990 1995 2000 2005 2010

F

o

r

e

i

g

n

 

C

a

p

i

t

a

l

 

I

n

f

l

o

w

s

 

p

e

r

 

C

a

p

i

t

a

Year


3.2.12 Real Exports per Capita

The data on exports (goods and services) is available in Pak rupees at constant prices (1999-2000). We use the overall population series to convert it into real exports per capita. The data for both variables has been taken from ESP (2011-2012) printed by the MF, Government of Pakistan.

3.2.13 Real Effective Exchange Rate

The real effective exchange rate is used as a measure of devaluation generated from nominal effective exchange rate. The real effective exchange rate shows the relative strength of domestic currency with the basket of trading partners’ currencies or other currencies. The data on real effective exchange rate is collected from ESP (2011-2012) issued by the MF, Government of Pakistan.
3.2.14 Capital-Labor Ratio

The data on gross fixed capital formation is obtainable in Pak rupees at constant prices (1999-2000). We divide the series of real gross fixed capital formation on labor to generate capital-labor ratio is termed as the composite effect (Cole, 2006). The data on both variables has been taken from ESP (2011-2012) printed by the MF, Government of Pakistan.

3.2.15 Real Trade Openness

The data on trade (exports + imports) is available in Pak rupees at constant prices (1999-2000). The overall population variable is used to transform it into real trade per capita. The data for these variables has been taken from ESP (2011-2012) published by the MF, Government of Pakistan.

3.2.16 Trade Factor-Endowment

The data on capita, trade (exports + imports) is available in Pak rupees at constant prices (1999-2000). First, we generate capital–labor ratio (gross fixed capital formation / labor) and then multiplied it with trade openness (exports +imports). This index is named as the trade factor-endowment (Cole, 2006). The data for these variables to be used in index generation has been taken from ESP (2011-2012) released by the MF, Government of Pakistan.
3.3. Quadratic Match-Sum Method

Officially, the data on national income accounts in Pakistan is mostly accessible in annual frequency. The econometric modeling and effective forecasting need high frequency data on macroeconomic variables. The econometric technique such cointegration and causality may provide biased empirical results due to low frequency data as well as low degree of freedom. This limitation of data restricts the academicians and practitioners to use subjective methods as compared to objective ones for forecasting future trends of the variables. Moreover, the use of annual frequency time series data weakens the soundness of economic modeling/ econometric modelling. Therefore, working with time series data is not an easy job in developing countries like Pakistan, as high frequency data is not easily available. To overcome this issue, Kemal and Arby (2004), Arby and Batool (2007) and Hanif et al. (2013) converted annual frequency data into quarter frequency on real GDP (1972-2003), gross fixed capital formation (1972-2006) and real GDP (1973-2010) respectively. Later on, Rashid and Jehn (2013) also converted annual macroeconomic series into quarter frequency, such as real GDP, investment spending (public and private) and government development spending (1971-2010) by using Denton method. The problem of non-availability of quarter frequency data for energy consumption, sectoral growth (agriculture, industrial and services), energy prices, urbanization, capital, labor, foreign capital inflows and trade openness is still there.  

The array of interpolation methods for transferring the data from low to high frequency is available in existing applied economics literature. In such circumstances, we choose the Quadratic match-sum process which is a very useful local quadratic polynomial method. This is employed to every observation of the low frequency data series. Later on, it utilizes polynomials to fill up all the observations of the high frequency series connected with this time period. This approach produces high frequency data by taking sets of three adjoining points from the original data series. The quadratic match-sum approach is applied in such a way. For conversion of low frequency data into high frequency data, quadratic match-sum method is exercised in such fashion that either sum or mean of high frequency data point that emerges as equivalent that of low frequency point. To obtain three data points from available points in a series, the interpolation technique follows the current periods and select one point after one point before and where data is available, both periods of data points are considered to construct the end points. The interpolation curves generated, in such a way, are not constrained to be continuous at the boundaries between adjacent periods. Due to these features, this method is efficient in situations where relatively few data points are being interpolated and the original data is normal. 

Denton (1971) developed another method of interpolation which is very common with the name of Denton univariate. This method can be used by operating ECOTRIM software. It has been confirmed that the results of the Denton method are indifferent from those of the quadratic match-sum method (Gong and Marianno, 1997; Romero, 2005; McDermott and McMenamin, 2008). Furthermore, the Denton univariate is not free from seasonality problem. It is reported by Herrmann and Joebges (2008) that quadratic match-sum method adjusts seasonal variations in the data while transforming data from low frequency into high frequency. Furthermore, Cheng et al. (2012) noted that quadratic match-sum method lessens the point to point variations in the data to handle the seasonality problem. Therefore, we prefer quadratic match-sum method due to its convenient operating procedure to transform annual data into quarterly data. 

3.4. Econometric Models

3.4.1 Economic Growth and Energy Consumption

We use the energy demand function to show the impact of sectoral growth, energy prices and investment on energy consumption. The general function of energy demand is given as following:
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(3.4.1.1)

t = 1, 2,…., k

We have used log-linear specification to obtain consistent and efficient empirical evidence due to its high explanatory power. The log-linear specification lowers the variation in time series data and directly provides the elasticity impact of independent variables on dependent variable (Lean and Smyth, 2010a, b). So, the impact of sectoral growth on energy consumption for a long run is investigated by applying the log-linear empirical model as follows:
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(3.4.1.2)

t = 1, 2,…., k
After examining the long-run effect of economic growth (agriculture, industry and services sectors), energy prices and investment on energy consumption, after that is to investigate the short-run outcome of energy prices, sectoral growth and investment on energy consumption. We will apply the Error Correction Method (hereafter ECM) to observe the short-run linkages amid the variables. The short run empirical model is given as follows:
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(3.4.1.3)
        t = 1, 2,…., k

where
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ln

= Natural log of energy consumption per capita at time t
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= Natural log of energy prices at time t
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 = Natural log of real agriculture value-added per capita at time t
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ln

 = Natural log of real industrial value-added per capita at time t
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ln

 = Natural log of real services value-added per capita at time t
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ln

= Natural log of real investment per capita (excluding foreign direct investment) at time t
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3.4.2 Urbanization and Energy Consumption

We apply IPAT (Integrated Population, Affluence and Technology) model which is considered very useful framework to examine the impact of urbanization on energy consumption but it has some limitations. After making modifications in IPAT model, this model is termed as STIRPAT (Stochastic Impact by Regression on Population, Affluence and Technology). We have extended the STIRPAT model by incorporating some other probable factor of urbanization and energy consumption such as transportation. Generally, the form of STIRPAT model is given as following:
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  t = 1, 2,…., k

where, 
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 is error term. We have augmented the STIRPAT model by including transportation variable. Urbanization is linked with high demand for transportation that in resulting affects energy demand. The long run impacts of urbanization, affluence (economic growth), technology (interaction between industry and services value added) and transportation on energy consumption. Following, Lean and Smyth (2010a, b), the log-linear empirical model is formulated as follows:   
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t = 1, 2,…., k

We use the ECM to investigate the short-run effects of urbanization, affluence, technology and transportation on energy consumption after finding their long run impacts. The short run empirical model is constructed as follows:
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t = 1, 2,…., k

where 
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3.4.3 Foreign Capital Inflows and Energy Consumption

We scrutinize the effect of inflows of foreign capital on energy consumption by adding economic growth, exports and devaluation in energy demand model. The general model is given as following: 
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t = 1, 2,…., k

The long-run outcome of foreign capital inflows, economic growth, exports and devaluation on energy consumption is investigated by using log-linear empirical model as follows:   
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        t = 1, 2,…., k

After scrutinizing long run impacts, we determine short-run effect of foreign capital inflows, economic growth, exports and devaluation on energy consumption. For this purpose, we use the ECM to check the short-run relationship between the variables and empirically the ECM is modeled as following:
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       t = 1, 2,…., k

where 
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3.4.4 Trade Openness and Energy Consumption

We extend the energy demand function by incorporating economic growth, composite effect, openness of trade and comparative advantage effect to scrutinize the impact of trade openness on energy consumption. The general energy demand model is as follows:
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   t = 1, 2,…., k

The long-run impact of economic growth, composite effect, openness of trade and comparative advantage effect on energy consumption is investigated by applying log-linear empirical model as follows: 
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t = 1, 2,…., k

After examining the long-run effect of economic growth, capital-labor ratio, trade openness and trade factor-endowment on energy consumption, we scrutinize the short run impact of economic growth, composite effect, openness of trade and comparative advantage effect on energy consumption. We apply the ECM to check up the short-run affiliation amid the variables. The short-run empirical model is given as follows:
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       t = 1, 2,…., k

Where 
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3.5. Research Methodology
3.5.1 Unit Root Test

The testing of stationary properties of economic series is very important for applying any cointegration approach. The existing empirical literature provides various unit root tests applied by various researchers to assess the stationary level of macrocosmic variables. Dickey and Fuller (1979, 1981) developed a unit root test to observe the stationary level. This test does not seem to handle the autocorrelation problem stems in the variables. The ADF test handles the problem of autocorrelation by taking extra lags (following Akaike information criteria i.e. AIC) of dependent variables in empirical model. The problem with ADF test is that ADF test does not perform well if the formulation of the data generating process is finite. In such circumstances, Philips and Perron (1988) test is more appropriate for unit root testing of the variables. The PP unit root test corrects the t distribution of estimate of AR(1) regression as ADF test eliminates the problem of autocorrelation. The PP unit root test seems an extension of ADF test. 
The results of ADF and PP tests become invalid in the occurrence of structural break arising in the macroeconomic variables. This implies that ignorance of structural break in the series may force for accepting the false null hypothesis (Perron, 1989). The occurrence of structural break in alternative hypothesis reduces the explanatory power of DF unit root test. Perron (1989) incorporated a dummy in an augmented version of Dickey-Fuller test regression to capture the impact of structural break on stationary properties. The work by Perron (1989) and, Zivot and Andrews (1992) was challenged by Clemente et al. (1998) based on Perron and Vogelsang (1992) approach, allowing for single and double unknown structural breaks stemming in the series. 

Later on, Narayan and Popp (2010) developed unit root test which considered is superior to other unit root tests such as: (i) there is no need to have information about the possible timing of structural break arising in the series because NP test determines the break dates endogenously within model. (ii) The NP test performs well if break dates are known or unknown. The reason is that critical values of unknown break points seem to converge with increasing sample size to critical values of known break points. This implies that the NP test is applicable if beak points are known or unknown. (iii) The NP test has the high explanatory power to detect break point in small sample data and it does not change the break magnitude. The functional form of both equations is modeled as following:

The model M1:
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The model M2:
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where 
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 show dummy variables capturing structural break points in intercept and slope stemming at time 
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3.5.2 Autoregressive Distributive Lag (ARDL) Testing to Cointegration

We apply the ARDL (autoregressive distributed lag model) bounds testing to cointegration developed by Pesaran et al (2001). The ARDL test assumes that the series should be stationary at level, first difference or mixed integrating order is found of the variables. This test performs better than all conventional cointegration approaches for small sample data while investigating the long-run amid the series. The critical values are easily available for small data to compare with our calculated F-statistics. The ARDL bounds testing approach provides long-run and short-run separately. This approach handles the problems of serial correlation and endogeneity based on Monte Carlo empirical evidence which is not possible for traditional approaches to cointegration. Furthermore, the general to specific modeling framework is used to generate suitable lag order for the data generating process in this test (Laurenceson and Chai, 2003).
We follow the regression based on the generalized Dickey-Fuller test to compute F-statistics. The functional form of unrestricted error correction model (UECM) is modeled as following: 


[image: image82.wmf]'

1

(,)(,),

°

=

a=a+b+l+e

å

k

tiiittt

i

LpYLqXW


[image: image83.wmf]1,.........,

=

tn




 (3.5.2.1)

where
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where, 
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which is vector of vector of deterministic series. This shows that we can analyze estimate the long-run relationship using the following equation:     
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, i = 1, 2… k shows the coefficient of estimates (see equation-3.5.2.1). The equation-3.3.2.2 is used to estimate the coefficients of long-run affiliation as formula is given as follows:
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The ordinary least squares (OLS) estimates are reported by [image: image95.wmf])
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 which are the coefficients of λ of an unrestricted error correction model of the ARDL version (see equation-3.5.2.4). Next, F-statistic is calculated by using the UECM for cointegration between the series. The formulation of the autoregressive distributive lag model is based on 
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. We see that number of variables and lag length to be used in the model is shown by k and p. Lastly, we calculate F-statistic to examine whether cointegration exists or not between the variables (Narayan, 2005). We apply UECM which contains unrestricted intercept and unrestricted time trend to ARDL F-statistic to examine cointegration. The equation of UECM is given as follows:
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The intercept term and time trend are represented by 
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 and 
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is coefficient of dummy variable which is based on Clemente et al. (1998) with single unknown break point. We use F-test or Wald test to calculate F-statistic in taking decision either cointegration subsists or not between the variables. We follow null hypothesis as 
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. The calculated F-value is compared with critical boundaries produced by Pesaran et al. (2001) for cointegration decision. We use lower critical boundaries (LCB) once the variables are stationary at level and upper critical boundaries (UCB) is used for cointegration decision when the variables are forum stationary at first difference. The ARDL F-statistic fall below lower critical boundary specifies the existence of no cointegration between the series. The cointegration is present if ARDL F-statistic is more than upper critical boundary. The decision about cointegration is inconclusive if ARDL F-statistic falls between lower and upper critical boundaries. 

Once, we find the long-run liaison between the series then we apply the ECM to scrutinize the short-run impacts of independent variables on the dependent variable. The empirical equation of the short-run model is given as following: 
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The matrix of independent variables is 
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 and no multi-colinearity exists between the variables. The 
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 is error term is supposed having normal distribution i.e. mean of the variance is zero while variance is constant. The significance of the estimate of the lagged error term supports our recognized cointegration. Furthermore, we apply diagnostic tests such as normality of the error term, serial correlation, ARCH test, White heteroskedasticity and functional form of the short-run model. We use CUSUM and CUSUMsq tests to monitor the goodness of fit of the ARDL model. 
3.5.3 The VECM Granger Causality Approach

The next step is to determine the causality linkages after the validation of cointegration between the variables. It is exposed by Granger (1969) that there must be causality (in Granger sense) relation at least running from one side if variables are cointegrated and stationary at first difference. Granger (1969) argued that the occurrence of cointegration between the series directs us to determine the short-run and the long-run causal relationship. The concept of Granger causality reveals that Granger causality from X to Y if and only, the changes in Y are forecast by the previous values of X and similarly, Y Granger causes X if and only, the previous of values of Y forecast the deviation in X. Granger (1969) suggested to apply the Vector Error Correction Model (VECM) if the variables are stationary at first difference. The VECM Granger causality model is given as following:  
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The difference operator is shown by 
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[image: image113.wmf]1

-

t

ECM

. The statistical significance of the 1st differences of the series confirms the nature of the short-run causal relationship. Y Granger causes X if 
[image: image114.wmf]i

i

"

¹

0

12

a

 and Y is Granger cause of X if 
[image: image115.wmf]i

i

"

¹

0

11

a

.
CHAPTER 4

EMPIRICAL RESULTS

4.1. Economic Growth and Energy Consumption

This part of chapter has investigated the impact of sectoral growth on energy consumption in the long-run and short-run. The VECM Granger causality test analysis has highlighted the causality relationship amongst the variables. 

H1: Sectoral growth does not affect energy consumption in Pakistan

4.1.1 Empirical Findings

Table-4.1.1 presents the descriptive statistics and pair-wise correlation amongst the series. We find that energy consumption, energy prices, agriculture sector growth, industrial sector growth, growth in services sector and investment have normal distributions confirmed by Jarque-Bera test. The pair-wise correlation analysis discloses that energy consumption and energy prices are negatively correlated. Agriculture sector growth, industrial sector growth and growth in services sector are positively correlated with energy consumption. Energy prices are inversely correlated with agriculture sector growth, industrial sector growth, services sector growth and investment. The positive correlation exists between industrial sector growth and agriculture sector growth, between services sector growth and agriculture sector growth, between investment and agriculture sector growth. Growth in services and investment are positively linked with industrial sector growth. The positive correlation also exists between services sector growth and investment. The correlation between investment and energy consumption is negative.

Table-4.1.1: Descriptive Statistics and Correlation Matrix 

	Variables 
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	 Mean
	 4.5701
	 4.0617
	 7.2575
	 6.3408
	 7.8842
	 7.0128

	 Median
	 4.5977
	 3.5422
	 7.2184
	 6.3436
	 7.9277
	 7.0142

	 Maximum
	 4.8846
	 6.1786
	 7.4704
	 8.7656
	 8.3728
	 7.3702

	 Minimum
	 4.2376
	 3.0667
	 7.0678
	 3.6897
	 7.2366
	 6.5158

	 Std. Dev.
	 0.1967
	 0.9721
	 0.1255
	 1.3906
	 0.3163
	 0.1853

	 Skewness
	-0.1045
	 0.8135
	 0.3450
	 0.0212
	-0.1692
	-0.5521

	 Kurtosis
	 1.7101
	 2.2330
	 1.7106
	 1.9502
	 2.0560
	 3.1628

	 Jarque-Bera
	 2.9236
	 3.5294
	 3.6627
	 1.8986
	 1.7294
	 2.1234

	 Probability
	 0.2318
	 0.1729
	 0.1601
	 0.3870
	 0.4211
	 0.3458

	Observation
	 160
	 160
	 160
	 160
	 160
	 160
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	-0.0842
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In time series analysis, the appropriate information about stationary properties of the variables is necessary before applying any cointegration test. In doing so, we employ ADF and PP unit root tests. The results of both tests are detailed in Table-4.1.2. We uncover that energy consumption, energy prices, agriculture sector growth, industrial sector growth, growth in services sector and investment are not stationary at level using intercept and trend by ADF test. All the series are found to be stationary after first difference. The same inference is drawn by PP unit root test. So, we find that the series have unique integrating order i.e. I(1).
Table-4.1.2: Unit Root Tests without Structural Break

	Variables 
	ADF Test
	PP Test

	
	T-statistics
	Prob. Values
	T-statistics
	Prob. Values
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	-2.6542(9)
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	-1.7566 (8)
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	0.8871
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	-3.0851 (8)
	0.1136
	-3.1303 [3]
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	-2.2281 (4)
	0.4707
	-2.6098 [9] 
	0.2766
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	0.0216
	-6.7525 [6]*
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	0.0000
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	-4.2043 (9)*
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	0.0000
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	-4.4370 (8)*
	0.0026
	-6.5124 [3]*
	0.0000
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	-4.0755 (6) *
	0.0084
	-5.3275 [9]*
	0.0001
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	-3.7174 (5)**
	0.0240
	-5.9535 [6]* 
	0.0002

	Note: The significance at 1% and 5% levels is indicated by * and ** respectively. () and [] specify the lag order and bandwidth for ADF and PP tests respectively.


The most important criticism on traditional unit root tests is that they provide ambiguous results when structural breaks are present in the time series. The explanatory power ADF and PP tests become weak due to the occurrence of structural breaks. In such situation, ADF and PP tests may accept null hypothesis when it is false and vice versa. We apply Clemente et al. (1998) de-trended unit root test to overcome the issue of structural breaks in the time series data. Clemente et al. (1998) unit root test helps us in capturing unknown single as well as double structural breaks. This test uses additive outliers (AO) and innovative outliers (IO) to detain sudden deviations in mean and to allow regular shifts in mean of variable respectively.

The results are reported in Table-4.1.3 reveal that energy consumption, energy prices, agriculture sector growth, industrial sector growth, services sector growth and investment are non-stationary in the occurrence of single unknown structural break. These breaks are occurring in 1984Q1, 1988Q1, 1991Q2, 2002Q2, 2000Q2, 2004Q3 for the series of energy consumption, energy prices, agriculture sector growth, industrial sector growth, services sector growth and investment respectively. The structural break in energy series is linked with the significant shift towards private sector in 6th five year plan i.e. 1983-1988 which affected domestic production and target economic growth rate was 6.5% in Pakistan over the period of 1983-84. Furthermore, the government could not meet the electrification target of 48,974 census villages during 6th five year plan. This had affected energy demand in 1984Q1 and onwards. The crude oil price collapse in Saudi Arabia in 1986 also affected Pakistan’s energy prices in 1987-88 (GoP, 1988). The structural break of 1991Q2 in agriculture sector growth is linked with the transition of Pakistan’s economy from an agrarian economy towards industrialization.
Table-4.1.3: Unit Root Tests with Structural Break

	CMR Unit Root Test with Structural Break

	Variable
	Innovative Outliers
	Additive Outlier

	
	T-statistic
	TB1
	TB2
	T-statistic
	TB1
	TB2
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	-2.013 (6)
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	-3.800(6)
	1985Q1
	2001Q2
	-5.373 (5)**
	1986Q1
	2001Q1
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	-0.715 (3)
	1988Q1
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	-2.143 (5)
	1989Q1
	1999Q2
	-7.830 (6)*
	1990Q1
	1993Q1
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	-1.297 (3)
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	-3.829 (3)
	1983Q1
	1992Q4
	-6.916 (5)*
	1983Q1
	1991Q1
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	-2.337 (5)
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	-4.272 (6)**
	2003Q2
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	-3.571 (6)
	1988Q2
	2002Q2
	-12.678 (3)*
	1983Q1
	1992Q1
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	-2.458 (6)
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	-5.300 (6)*
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	-3.818 (6)
	1976Q1
	2000Q1
	-6.190 (6)
	1987Q1
	2000Q1
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	-2.310 (5)
	2004Q3
	….
	-4.417 (4)**
	1975Q1
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	-2.995 (4)
	1981Q1
	2004Q4
	-7.125 (3)*
	1991Q1
	2003Q1

	Narayan and Popp Unit Root Test

	Variables
	Model M1
	Model M2
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	-2.0597 (4)
	1987Q1
	2004Q1
	-2.2927 (5)
	1987Q1
	2004Q1
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	-0.2911 (5)
	1991Q1
	1994Q1
	-2.9081 (3)
	1991Q1
	1994Q1
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	-2.6772 (4)
	1984Q1
	1996Q1
	-2.6601(4)
	1984Q1
	1993Q1
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	-3.9368 (5)
	2000Q1
	2004Q1
	-3.9253 (4)
	1999Q2
	2004Q2
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	-1.8632 (6)
	1983Q1
	1993Q1
	-2.4326 (3)
	1983Q4
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	-2.1257 (4)
	1992Q1
	2004Q1
	-3.2145 (5)
	1991Q1
	2004Q2

	Note: The significance at 1% and 5% is shown by * and ** respectively. () indicates lag length to be used. The critical values of NP unit root test are (-5.259, -5.949) and (-4.154, -5.181) for Model M1 and Model M2 at 1% and 5% levels respectively.


This industrialization policy in the 1990s not only affected agricultural growth but also industrial growth. The event of 9/11 affected the world economy generally as well as Pakistan’s economy, particularly but severe floods in 2001 deteriorated agriculture growth as well as industrial growth. The “South Asia’s Services-Led Growth: A New Growth Paradigm” was implemented by Pakistani government in 1999 to sustain economic growth by developing services sector (Nabi, 2010) and significant contribution of services sector was noted to economic growth in 2000. In October, 1999, government introduced numerous policy reforms to boost the environment for local and foreign direct investment. This not only had significant impact on investment activities, but also boosted the automobile, port, nuclear industries, energy megaprojects, internet and telecommunication services as well as liberalized the print and private media in 2004. 

We find that the variables have become stationary at first difference. We may conclude that the integrating order of all the variables is I(1). The results of Clemente et al. (1998) test are shown in Table-4.1.3 reveal that the stationary properties of variables are stationary at 1st difference. The de-trended unit root test may also provide inconsistent results because it assumes structural break in the trend of the variables and ignores the structural break in intercept. To overcome this issue, we apply NP (2010) unit root test which includes structural break point both in intercept and trend of the series. Our findings of NP (2010) test explained in Table-4.1.3 illustrate that the unit root problem exist among variables with two structural break points. We conclude that the stationarity of the variables is confirmed at first difference.  

Table-4.1.4: VAR Lag Order Selection Criteria

	VAR Lag Order Selection

	 Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	0
	 880.8884
	NA 
	 5.42e-13
	-11.2165
	-11.0992
	-11.1688

	1
	 2770.947
	 3610.497
	 2.58e-23
	-34.9865
	-34.1653
	-34.6530

	2
	 2983.237
	 389.1978
	 2.69e-24
	-37.2466
	 -35.7217*
	-36.6272

	3
	 3000.005
	 29.4507
	 3.46e-24
	-37.0000
	-34.7713
	-36.0948

	4
	 3008.622
	 14.4730
	 4.97e-24
	-36.6490
	-33.7164
	-35.4579

	5
	 3169.902
	 258.4618
	 1.01e-24
	-38.2551
	-34.6187
	-36.7782

	6
	 3284.788
	  175.2751*
	  3.77e-25*
	 -39.2665*
	-34.9263
	 -37.5037*

	7
	 3295.472
	 15.4778
	 5.38e-25
	-38.9419
	-33.8979
	-36.8933

	8
	 3305.547
	 13.8210
	 7.84e-25
	-38.6095
	-32.8617
	-36.2750

	* indicates lag order selected by the criterion

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

FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion


After that step, turn is for investigating the cointegration by using the ARDL bounds testing amongst the variables. This approach requires that we must choose an appropriate lag order of the variables using the VAR model. The inappropriate lag order selection of the variables provides ambiguous results because the ARDL bounds testing F-test is provides ambiguous empirical findings at susceptible with selection of lag order. 

Table-4.1.5: The Results of Cointegration Tests

	Bounds Testing to Cointegration
	Diagnostic checks

	Estimated Models
	F-statistics
	Structural Break
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	6.537*
	2004Q3
	0.2581
	[2]: 2.1184
	[5]: 3.1818

	Significant level
	Critical values (T= 160)
	
	
	

	
	Lower bounds I(0)
	Upper bounds I(1)
	
	

	1 per cent level
	3.60
	4.90
	
	

	5 per cent level
	2.87
	4.00
	
	

	10 per cent level
	2.53
	 3.59
	
	

	Note: The significance at 5% and 10% levels is specified by ** and *** respectively. Upper and lower critical boundaries are obtained from Pesaran et al. (2001). 


We follow Akaike information criterion (AIC) to decide about the appropriate lag order of the variables. It is noted by Lütkepohl (2006) that AIC provides efficient lag length results compared to Schwartz Bayesian criterion (SBC) due to its superior properties. For example, the AIC is preferred due to suitability within sample and out-of-sample to forecast the regression model performance. The AIC also determines the lag order in AR(p) model. Our decision is based on AIC and findings are detailed in Table-4.1.4. The lag 6 is selected by AIC for this sample period. We employed the ARDL bounds testing by accommodating the dummy variable for capturing the structural breaks. The dummy variable is based on the findings of Clemente et al. (1998) de-trended test with single unknown structural break point. The results detailed in Table-4.1.5 show that our computed F-statistic surpasses upper bound at 1%, 5% and 10% levels respectively as energy consumption, agriculture sector growth, industrial sector growth, growth in services sector and investment are treated as regressands. It exposes the presence of five cointegrating vectors that confirms the existence of cointegration relation amongst the variables. 

The long run effect of energy prices, agriculture growth, industrial growth, services growth and investment on energy consumption is reported in Table-4.1.6. We find that energy prices have negative impact on energy demand and the significance level of this relationship is 1%. If other things remain constant, a 1% rise in energy prices will decline energy consumption by 0.0381%. Our findings are consistent with Jamil and Ahmed (2010). Agriculture sector growth is positively and significantly allied to energy demand at 1% level. A 1% increase in agriculture sector growth raises energy consumption by 0.4786%, keeping other things constant. Our findings are consistent with Mushtaq et al. (2007) but contradictory with Nawaz et al. (2012). Energy demand is positively and significantly affected by industrial sector growth at 1% level. A 1% increase in industrial sector growth enhances energy consumption by 0.3744%, if all else remain constant. The effect of services sector growth on energy consumption is positive at 1% significance level. We find that a 1% boost in services sector growth stimulates energy consumption by 0.4050% if other things remain same. 

Table-4.1.6: Long Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. Values

	Constant
	-1.7774*
	0.4363
	-4.0737
	0.0001
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	-0.0381*
	0.0061
	-6.1982
	0.0000
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	0.4786*
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	0.0000
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	0.3744*
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	2.6255
	0.0095
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	6.8547
	0.0000
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	-0.0573*
	0.0177
	-3.2226
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	-0.0434***
	0.0244
	-1.7772
	0.0775
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	0.9895
	
	

	F-statistic
	30.1812*
	
	

	Durbin-Watson Test
	1.4812
	
	

	Note: The significance at 1% level is shown by.


We find that investment is inversely coupled with energy consumption at 1% level. It uncovers that investment (public and private) declines energy consumption i.e. investment is energy efficient. It is exemplified that a 0.0573% of energy can be saved with 1% increase in investment. This is consistent with Wang et al. (2012) but contradictory with Lee (2013). Lastly, we find that dummy variable is negatively and significantly related to energy consumption. In 6th five plan, target growth rate was 6.5% based on the performance of agriculture and industrial sectors, but these sectors could not play well in contributing to economic growth which inversely affected energy consumption. The share of energy demand in agriculture (industrial) sector was increased from 28.4% (3.5%) to 32.3% (6.3%) in 1982-83 to 1987-88. But, domestic energy demand turned down from 48.7% to 45.3% in 1982-83 to 1987-88 (GoP, 1990).

We note that our empirical analysis rejects the null hypothesis i.e. H1: Sectoral economic growth does not affect energy consumption in Pakistan. This means that economic growth affects energy demand. Furthermore, our analysis provides more reliable results because above studies used the bivariate models to check the direction of causality between growth of energy demand and real GDP growth (agriculture sector growth, industrial sector growth, growth in services sector) and energy consumption using annual data over different periods of time. We used the multivariate framework of energy demand function using quarter frequency data. This reveals that our findings are efficient compared to previous studies in the case of Pakistan. These findings will provide more guidelines to policymaking authorities in designing an ample energy and economic policies for sustainable economic development in the case of Pakistan. We conclude that overall, our model is significant at 1% level. Our empirical model provides the absence of auto-correlation problem.
Table-4.1.7 reports the short run results. We find that an increase in energy demand in the previous period raises energy consumption significantly in the current period. Energy prices are negatively and insignificantly associated with energy demand. Agriculture growth increases energy demand. Industrial growth and lagged term of industrial growth affect energy demand negatively and positively at 5% level. The positive alliance exists between services growth and energy consumption at 10%. Investment is negatively coupled with energy use at 1%. The sign of 
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 is negative at 5%. The impact of dummy variable is positive on energy demand but statistically insignificant. This confirms our established cointegration relationship among the series. The significance of 
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 with negative sign indicates the convergence from the short-run to the long-run. The estimate of 
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 is alike to -0.0432 that it is significant at 5%. We find that any short run shock stems in energy demand is corrected by 4.32 per cent in each quarter and will take 5 years and 9 months to achieve the stable equilibrium path in 
the long-run.
Table-4.1.7: Short Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. Values

	Constant
	0.0023**
	0.0009
	2.5045
	0.0133
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	0.0000
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	F-statistic
	12.7726*
	
	

	Durbin-Watson Test
	2.0627
	
	

	Diagnostic Tests
	F-statistic
	Prob. value
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively. Normality of error term, serial correlation, autoregressive conditional heteroskedasticity, white heteroskedasticity and functional of short run model is indicated by
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The results of diagnostic checks also illustrated in Table-4.1.7. We note that the presence non-normality of residual term is confirmed indicating the normality of error term. No evidence is found of serial correlation and ARCH test. We find the evidence of homoskedisticity i.e. no white heteroskedasticity and functionally, the model is formulated in an appropriate way. It suggests that the short-run model fulfills the assumptions of the classical linear regression model (CLRM). We have also applied the CUSUM and CUSUMsq tests. We find the reliability and efficiency of the long run and short run estimates (see Appendix-A) form our empirical analysis.
4.1.2. The VECM Granger Causality Analysis

Granger (1969) uncovered that at least unidirectional causality should be existed if the variables have cointegration. The appropriate information about causality association would be helpful for policymaking authorities to design a comprehensive growth, energy and investment policy to prolong economic development for long-run. So, we have applied the VECM (vector error correction method) Granger causality approach to determine the causal relationship among the series. The VECM Granger causality test is suitable when the variables have unique order of integration. Table-4.1.8 shows the outcome of causality analysis. In long-run, we note that agriculture sector growth causes energy use and energy use causes agriculture sector growth in Granger sense. Our findings are contrary with Mustaq et al. (2007) and Nawaz et al. (2012) but consistent with Liew et al. (2012) and Tang and Shahbaz (2013). 

Table-4.1.8: Long-and-Short Run Causality 

	Dependent 

Variable
	Direction of Causality

	
	Short Run
	Long Run
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively. 


The feedback effect exists between energy demand and industrial sector growth. The affiliation between services sector growth and energy consumption is also two-way in Granger sense. This result conflicts with Liew et al. (2012) and Nawaz et al. (2012) but same with the findings of Tang and Shahbaz (2013). Energy prices Granger cause energy consumption, agriculture sector growth, industrial sector growth, growth in services sector and investment. Investment causes energy use and in resulting, energy use causes investment in Granger sense. The relationship between agriculture sector growth and industrial sector growth; between industrial sector growth and services sector growth and, between services sector growth and agriculture sector growth is also bidirectional. The feedback effect among agriculture sector growth and industrial sector growth and services sector growth shows the interdependence of these sectors on each other. The relationship between investment and agriculture sector growth is bidirectional. Industrial sector growth Granger causes investment and in resulting, investment Granger causes industrial sector growth. The relationship between growth in services sector and investment is bidirectional. In the short-run, Granger causality test reveals that energy prices Granger cause energy demand and in resulting, energy consumption Granger causes energy prices. Agriculture growth causes energy demand and energy demand causes agriculture growth in Granger sense. 

Growth in industrial sector causes energy use and in resulting, energy use causes growth in industrial sector in Granger sense. Services sector growth does not cause energy demand and energy demand does not cause services sector growth in Granger sense. The alliance exists between energy prices and investment is bidirectional. The bond between industrial sector growth and growth in services sector is also bidirectional, but the neutral effect is found between agriculture sector growth and industrial sector growth. Industrial and services sectors growth Granger cause investment, but the bidirectional causality exists between growth in agriculture sector and investment. The long-and-short runs joint causality results are shown in Table-4.1.9. The joint causality findings verify the long-run and short-run causality results.

Table-4.1.9:  Long-and-Short Run Joint Causality

	Dependent 

Variable
	Direction of Causality

	
	Long-and-Short Runs Joint Causality
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively.


4.2. Urbanization and Energy Consumption

In this part of chapter, we have inspected the effect of urbanization on energy consumption in the long-run and short-run. The direction of causal relationship among the variables has been considered by employing the VECM Granger causality test. 

H2: Urbanization does not have impact on energy consumption in Pakistan

4.2.1 Empirical Findings 

Table-4.2.1 deals with the explanation of descriptive statistics and pair-wise correlation. The Jarque-Bera test statistics indicates that energy consumption, urbanization, affluence (economic growth), technology and transportation are normally distributed. Our results indicate that all the variables have a normal distribution. This supports us for further analysis to investigate the relation between urbanization and energy consumption. The pair-wise correlation analysis shows that the correlation between urbanization and energy demand is positive. Affluence and energy consumption are interrelated positively. Technology and energy use are positively allied. A positive association subsists between transportation and energy consumption. The correlation between affluence (economic growth) and urbanization is positive. Technology and urbanization are positively correlated. Transportation and urbanization are associated positively. The correlation of technology (transportation) with affluence is positive. Technology and transportation are connected positively.

The next step is to examine either the variables are stationary at level or at first difference or mixed integrating order of the variables is found i.e. I(0) / I(1). For this purpose, we apply ADF and PP tests and their outcome is explained in Table-4.2.2. We uncover that energy consumption, urbanization, affluence (economic growth), technology and transportation are not stationary at level. After first differencing the variables, we find the variables to be stationary.   
Table-4.2.1: Descriptive Statistics and Correlation Matrix 

	Variables 
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	 Mean
	 4.5701
	-1.1740
	 10.0384
	 4.2488
	 1.9334

	 Median
	 4.5977
	-1.1716
	 10.0960
	 4.3635
	 2.0047

	 Maximum
	 4.8846
	-0.9879
	 10.4573
	 5.3350
	 2.4756

	 Minimum
	 4.2376
	-1.3736
	 9.5749
	 2.9566
	 1.0885

	 Std. Dev.
	 0.1967
	 0.1091
	 0.2629
	 0.6904
	 0.3988

	 Skewness
	-0.1045
	-0.0494
	-0.1815
	-0.1555
	-0.4907

	 Kurtosis
	 1.7101
	 2.0072
	 1.9808
	 2.0196
	 2.1333

	 Jarque-Bera
	 2.9236
	 1.6589
	 1.9507
	 1.7630
	 2.8572

	 Probability
	 0.2318
	 0.4362
	 0.3770
	 0.4141
	 0.2396

	Observation
	 160
	 160
	 160
	 160
	 160
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	 0.4518
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	 0.0164
	 0.3045
	 0.1074
	 0.2452
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The ADF and PP tests avoid the information of structural break which may also be cause of unit root problem in the variables. We have applied Clemente et al. (1998) to overcome this issue. The outcome of Clemente et al. (1998) test reported in Table-4.2.3 reveal that the variables are not stationary at level accompanying with structural breaks. The 1984Q1, 2000Q2, 2003Q2 and 1976Q1 are structural breaks found in the series of energy consumption, urbanization, affluence (economic growth), technology and transportation. The structural break date in series of urbanization is linked with the implementation of government policy in 1999 to improve the urban infrastructure for achieving sustainable economic development which also affected urbanization in 2000Q2. The change in occupational structure and education opportunities as well as industrial policy in 2002 not only affected economic growth but also technological development in 2003Q2.
Table-4.2.2: Unit Root Tests without Structural Break

	Variables 
	ADF Test
	PP Test

	
	T-statistics
	Prob. Values
	T-statistics
	Prob. Values
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	-2.6542(9)
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	-2.1353 (9)
	0.5216
	-1.7322 [6]
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	0.3134
	-2.1255 [6]
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	-3.0510 (6)
	0.1221
	-26.9119 [15]* 
	0.0000
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	0.0216
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	0.0000
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	-3.7990 (4)**
	0.0191
	-6.0931 [6]*
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	-3.5907 (4)**
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	0.0001
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	-5.5168 (9) *
	0.0000
	-5.2394 [6]*
	0.0001

	Note: The significance at 1% and 5% levels is shown * and ** respectively. 


Table-4.2.3: Unit Root Tests with Structural Break

	CMR Unit Root Test with Structural Breaks

	Variable
	Innovative Outliers
	Additive Outlier

	
	T-statistic
	TB1
	TB2
	T-statistic
	TB1
	TB2
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	-2.013 (6)
	1984Q1
	….
	-5.059 (3)*
	1985Q1
	….
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	1985Q1
	2001Q2
	-5.373 (5)**
	1986Q1
	2001Q1

	
[image: image241.wmf]t

U

ln



	-2.808 (3)
	2000Q2
	….
	-4.713 (6)**
	2006Q1
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	-3.525 (6)
	1996Q2
	2006Q2
	-5.672 (6)*
	1979Q1
	2006Q1
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	-1.885 (6)
	2003Q2
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	-6.896 (3)*
	1980Q2
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	2001Q1

	
[image: image243.wmf]t

TEC

ln


	-2.285 (6)
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	-4.194 (5)
	1976Q1
	1996Q1
	-7.735 (5)*
	1999Q1
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	Narayan and Popp Unit Root Test

	Variables
	Model M1
	Model M2
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	-2.0597 (4)
	1987Q1
	2004Q1
	-2.2927 (5)
	1987Q1
	2004Q1
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	-1.549 (5)
	1995Q4
	2001Q2
	-2.252 (5)
	1995Q4
	2001Q2
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	-2.673 (5)
	1999Q1
	2005Q4
	-3.190 (4)
	1994Q4
	2004Q2
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	-1.679 (5)
	1978Q1
	1987Q4
	-3.341 (4)
	1988Q4
	2001Q3
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	-3.208 (4)
	1983Q4
	1990Q2
	-4.319 (5)
	1983Q4
	1998Q3

	Note: The significance at 1% and 5% levels is indicated by * and ** respectively. 


The structural break date in transportation series is linked with conversion of nature vehicles from petroleum to compressed gas consumption due to rise in petroleum prices (Shahbaz et al. 2012a). The integrating order of energy consumption, urbanization, affluence (economic growth), technology and transportation is I(1) and same findings are reported by Clemente et al. (1998) test in the subsistence of two unknown structural break points. This implies that our variables of interest are I (1). The findings reported by Narayan and Popp (2010) test also disclose that the variables are found non-stationary at level. This concludes that the series are integrated at I(1) (see lower segment of Table-4.2.3). After knowing that the variables have unique integrating order, now turn is to investigate the existence of cointegration by employing the ARDL bounds testing approach. Firstly, we choose a suitable lag order of the series using the unrestricted VAR. We employ Akaike Information Criteria (AIC) and found that lag length 6 is appropriate following AIC (see Table-4.2.4). 

Table-4.2.4: VAR Lag Order Selection Criteria

	VAR Lag Order Selection 

	 Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	1
	 3497.793
	 4074.022
	 1.05e-26
	-45.6288
	-45.0320
	-45.3864

	2
	 3677.301
	 333.0358
	 1.38e-27
	-47.6618
	-46.5676
	-47.2173

	3
	 3691.350
	 25.1387
	 1.59e-27
	-47.5177
	-45.9262
	-46.8712

	4
	 3697.798
	 11.1156
	 2.05e-27
	-47.2736
	-45.1848
	-46.4250

	5
	 3836.501
	 229.9551
	 4.62e-28
	-48.7697
	-46.1835
	-47.7191

	6
	 3984.881
	  236.2364*
	  9.22e-29*
	 -50.393*
	 -47.3096*
	 -49.1405*

	7
	 3994.246
	 14.2930
	 1.15e-28
	-50.1874
	-46.6065
	-48.7327

	8
	 3998.132
	 5.67561
	 1.56e-28
	-49.9096
	-45.8313
	-48.2529

	* indicates lag order selected by the criterion


The next step is to utilize the ARDL bounds testing to compute F-statistic to decide whether long-run link subsists or not. The empirical results are reported in Table-4.2.5. We find that the computed F-statistics surpasses upper bound at 1% and 5% levels, as we used energy demand, economic growth, technology and transportation as dependent variables. Our empirical evidence shows four cointegrating vectors which prove the occurrence of long-run alliance among energy demand, urbanization, economic growth, technology and transportation in Pakistan.

Table-4.2.5: The Results of Cointegration Tests

	Bounds Testing to Cointegration
	Diagnostic checks

	Estimated Models
	F-statistics
	Structural Break
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	3.992***
	1998Q1
	0.2419
	[5]: 1.6577
	[3]: 0.1842

	Note: The significance at 5% and 10% levels is shown by ** and *** respectively. 


The long run impact of urbanization, affluence, technology and transportation on energy consumption are presented in Table-4.2.6. We find that linear and squared terms of urbanization impact energy consumption positively and significantly at 1%. This shows that a 1% increase in linear and non-linear terms of urbanization will increase energy demand by 4.9388% and 0.9833% correspondingly by keeping other things constant. Our findings are contradictory with Alam et al. (2007) but consistent Zaman et al. (2013) while Jiang and Lin (2012) found inverted U-shaped relationship between both variables for Chinese economy. 

Table-4.2.6: Long Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. values

	Constant
	7.5247*
	2.5672
	2.9310
	0.0039
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	2.6669
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	0.0454
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	0.1764*
	0.0673
	2.6188
	0.0097
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	-0.0322*
	0.0058
	-5.4767
	0.0000
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	F-statistic
	57.2055*
	
	

	Durbin-Watson Test
	1.9495
	
	

	Note: The significance at 1% and 5% levels is shown by * and ** respectively.


The effect of affluence on energy consumption is positive at 5%. If all other things remain stable then a 1% add in wealth is related to 0.3414% increase in energy demand. This empirical evidence is supported by Alam and Butt (2002). The relationship between technology (interaction between industry and services sectors) and energy demand is positive at 5%. A 1% boost in technology adoption to increase domestic output is related to energy demand by 0.0633%, all else is same. This exposes that Rebound Effect does not work in the case of Pakistan. The Rebound effect discloses that “technological improvement will increase energy efficiency and lower demand of energy resources” (Keppler et al. 2007). This indicates that Pakistan is using energy intensive technology, which highlights the importance of enhancing research and development expenditures to introduce energy efficient technology. These results are contradictory with Linn (2008) but same is noted by Popp (2001) in the case of USA. Transportation is positively and significantly linked with energy consumption at 1%. A 0.1764% increase energy demand is linked with a 1% increase in transportation in urban areas by keeping other things constant. This finding is similar to Pradhan (2011). The effect of dummy variable is negative on energy demand and its significance level is 1%.
Our empirical results reject null hypothesis i.e. H2: Urbanization does not have impact on energy consumption in Pakistan. This indicates that urbanization affects energy consumption. Our analysis provides more reliable results compared to Alam et al. (2007). But, due to simultaneity problem, findings by Alam et al. (2007) are not reliable for urban policy as well as energy policy formulation. We used multivariate framework of energy demand function using quarter frequency data. This reveals that our results are more consistent and efficient. These findings would be more supportive for policy making authorities in designing an inclusive energy policy by incorporating urbanization for long run and sustainable economic development. The significance of our model is validated at 1%. We note that our empirical model does not provide any evidence of auto-correlation.
Table-4.2.7: Short Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. Values

	Constant
	0.0084*
	0.0026
	3.2537
	0.0014
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** correspondingly. 


The short run findings are exposed in Table-4.2.7. The linear and non-linear terms of urbanization impact energy demand positively and significantly at 1%. The linkage between affluence and energy consumption is positive having significance at 10%. The impact of technology adoption is positive but statistically insignificant. Transportation and energy consumption are positively linked at 1%. The negative sign with statistically significance of 
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 authenticates our determined long-run tie between the variables. The estimate 
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 also shows the speed of convergence from the short-run deviations towards the long-run. We find the estimate of 
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 i.e. -0.1078 with negative sign having significance at 1%. Our empirical results indicate that the short run deviations stem in energy demand function is corrected by 10.78% in each quarter and will take 2 years and 5 months to achieve the stable equilibrium path for the long-run. The short-run model fulfills all assumptions of the CLRM. Our empirical results illustrated in Table-4.2.7. The normal distribution of error term is confirmed by Jarque-Bera normality test. No empirical evidence is found for the presence of serial correlation as well as autoregressive conditional heteroskedisticity in the short-run model. The short run model confirms the existence of homoskedisticity rather than white heteroskedistiity. The Ramsey reset test provides the evidence of well formulation of the short run model. 

4.2.2. The VECM Granger Causality Analysis

The VECM Granger causality test is utilized to identify the causal relationship between urbanization, affluence, technology, transportation and energy consumption in Pakistan. Our results reported in Table-4.2.8 show that energy consumption is Granger cause of urbanization in the long-run. The two-way causality exists between affluence and energy consumption. The findings are consistent with Alam and Butt (2002) and Shahbaz et al. (2012a) in the case of Pakistan. The causality affiliation between technology and energy demand is bidirectional. This empirical evidence is consistent with Tang and Tan (2013). Transportation is cause energy demand and in resulting, energy demand is cause transportation in Granger sense. This shows that transportation and energy consumption are complementary and we can use energy consumption as a tool in forecasting transportation in Pakistan
Table-4.2.8: Long-and-Short Run Causality 

	Dependent 

Variable
	Direction of Causality

	
	Short Run
	Long Run
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively. 


Table-4.2.9:  Long-and-Short Run Joint Causality

	Dependent 

Variable
	Direction of Causality

	
	Long-and-Short Runs Joint Causality
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively.


Additionally, urbanization Granger causes affluence, technology and transportation. The alliance between economic growth and technology is bidirectional. Transportation is lead by economic growth and in the resulting, economic growth is lead by transportation in Granger sense. The causality relationship between technology and transportation is also bidirectional. In the short run causality analysis, we find the feedback effect between urbanization and technology. Affluence and technology are also interrelated with each other. Urbanization causes transportation in Granger sense i.e. urbanization leads transportation. Table-4.2.9 shows the long-run and short-run causality outcome that corroborates the long-run as well as short-run Granger causality results. 

4. 3. Foreign Capital Inflows and Energy Consumption

In this part of chapter, we have scrutinized the impact of foreign capital inflows on energy demand for the long-run and short-run. The VECM Granger causality approach is utilized to detect the causal relationship among the variables.  

H3: Foreign capital inflows do not impact energy consumption in Pakistan
4. 3.1 Empirical Findings

The descriptive statistics reveal that series of energy consumption, foreign capital inflows, economic growth, exports and devaluation are normally distributed. The Jarque-Bera test statistics are explained in Table-4.3.1. The results of pair-wise correlation are shown in the lower segment of Table-4.3.1. Our pair-wise correlation analysis revealed that foreign capital inflows are negatively associated with energy demand. A positive association is found and economic growth. Exports and energy consumption are positively correlated. Devaluation is negatively allied with energy use. Economic growth, exports and devaluation are associated with foreign capital inflows positively. Exports and economic growth are allied positively. A negative alliance is found between devaluation and economic growth. The negative association is present between devaluation and exports.    

The unit root tests such as ADF and PP are engaged to check whether variables are stationary or not. The empirical findings are shown in Table-4.3.2. We found that in the presence of intercept and trend, the variables have unit root problem. Our empirical exercise also noted that the stationarity is found at first difference for all the variables. It exposes that the series are integrated at I(1).
Table-4.3.1: Descriptive Statistics and Correlation Matrix 

	Variables 
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	 Mean
	4.5701
	-1.1740
	 5.9342
	 8.0323
	 4.7469

	 Median
	4.5977
	-1.1716
	 5.8611
	 8.0784
	 4.5940

	 Maximum
	4.8846
	-0.9879
	 8.4365
	 8.7037
	 5.2868

	 Minimum
	4.2376
	-1.3736
	 2.7934
	 7.2173
	 4.3277

	 Std. Dev.
	0.1967
	0.1091
	 1.5065
	 0.4680
	 0.3415

	 Skewness
	-0.1045
	-0.0494
	-0.3366
	-0.1878
	 0.3286

	 Kurtosis
	1.7101
	2.0072
	 2.9023
	 1.7669
	 1.4526

	 Jarque-Bera
	2.9236
	1.6589
	 0.7716
	 2.7693
	 2.7105

	 Probability
	0.2318
	0.4362
	 0.6798
	 0.2504
	 0.2648

	Observation
	160
	160
	160
	160
	160
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	-0.2186
	 0.2206
	-0.0348
	-0.3039
	 1


Both tests are unable to catch information about structural break which may be cause of unit root problem. To overcome this matter, we have applied Clemente et al. (1998) unit root test accommodating single and two unidentified structural breaks accommodating in the series. The empirical evidence is shown in Table-4.3.3. We noted that non-stationarity is present in all the variables at level while accommodating structural breaks. The series such as energy consumption, foreign capital inflows, economic growth, exports and devaluation show structural breaks in period of 1984Q1, 2001Q1, 2003Q2, 1985Q1 and 1985Q1 respectively.
Table-4.3.2: Unit Root Tests without Structural Break

	Variables 
	ADF Test
	PP Test

	
	T-statistics
	Prob. Values
	T-statistics
	Prob. Values
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	-2.6542(9)
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	-2.0658 (4)
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	0.3196
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	-3.8081 (4) **
	0.0186
	-5.7611 [3]*
	0.0000

	Note: The significance at 1% and 5% levels is shown by * and ** respectively. 


Pakistan had implemented numerous economic reforms over selected period of time. For example, the structural break in the series of foreign capital inflows is understandable because the terrorist’s event of 9/11 feared the overseas Pakistanis and they felt that Pakistan is a safe place for their earnings. This led a sharp increase in foreign remittances from $ 1 billion in 2001 to $ 7 billion in 2008 (Ahmed, 2009) which improved the current account balance of Pakistan. Pakistan adopted trade reforms such as exports expansion and imports substitution policies to diversify exports as well as to reap fruits of comparative advantage of international trade. It was started in 1979 and sustained till 1985 and focus was given to the composition of exports. Finally, this affected the exports performance of Pakistan in 1985 (Akbar and Naqvi, 2000).
Table-4.3.3: Unit Root Tests with Structural Break

	CMR Unit Root Test with Unknown Structural Break

	Variable
	Innovative Outliers
	Additive Outliers

	
	T-statistic
	TB1
	TB2
	T-statistic
	TB1
	TB2
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	-4.079 (6)
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	-6.240 (5)*
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	Narayan and Popp Unit Root Test

	Variables
	Model M1
	Model M2
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	-2.0597 (4)
	1987Q1
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	-2.2927 (5)
	1987Q1
	2004Q1
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	1994Q2
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	-2.673 (5)
	1999Q1
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	-3.190 (4)
	1994Q4
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	-2.732 (5)
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	Note: The significance at 1% and 5% levels is shown by * and ** levels. 


During this period, exports of primary items grew and manufactured exports were declined. There was a noticeable reduction in exports diversification after 1985 as democratic government did not pay her attention to export sector of Pakistan. The government of Pakistan devalued local currency in January 1985 to improve the trade balance. It was clear in government policy that “Foreign Exchange Bearer Certificates (FEBC) for foreign exchange can be purchased by foreign Pakistanis”. They were allowed to take dominated currency in Pak Rupees within and out of the borders (country) after converting it into Pak Rupees or foreign exchange following effective exchange rate policy.            

Table-4.3.4: VAR Lag Order Selection Criteria

	VAR Lag Order Selection

	 Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	1
	 3144.894
	 2820.624
	 1.09e-24
	-40.9854
	-40.3886
	-40.7430

	2
	 3307.643
	 301.9417
	 1.78e-25
	-42.7979
	 -41.7037*
	-42.3534

	3
	 3319.575
	 21.3531
	 2.12e-25
	-42.6259
	-41.0344
	-41.9794

	4
	 3324.838
	 9.0708
	 2.77e-25
	-42.3662
	-40.2774
	-41.5177

	5
	 3430.101
	 174.5158
	 9.70e-26
	-43.4223
	-40.8361
	-42.3717

	6
	 3498.374
	  108.6980*
	  5.56e-26*
	 -43.9917*
	-40.9082
	 -42.7391*

	7
	 3504.186
	 8.8710
	 7.27e-26
	-43.7393
	-40.1583
	-42.2846

	8
	 3509.257
	 7.4060
	 9.67e-26
	-43.4770
	-39.3988
	-41.8203

	* indicates lag order selected by the criterion


The ARDL bounds testing requires necessary information about the appropriate lag length using unrestricted VAR (vector auto- regression). The ARDL F-statistic varies with lag length selection. We have chosen lag length selection following AIC and found that lag order 6 is suitable in our data sample (seeTable-4.3.4).
Table-4.3.5: The Results of Cointegration Tests

	Bounds Testing to Cointegration
	Diagnostic Checks

	Estimated Models
	F-statistics
	Structural Break
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	0.1328
	[2]: 0.1795
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	Note: The significance at 5% and 10% levels is shown by ** and *** respectively. 


Table-4.3.5 explains the empirical evidence of the ARDL cointegration test. The empirical evidence revealed that the ARDL F-statistics exceed the upper bounds. These results are significant at 5%, 10% and 5% levels respectively once we treated energy consumption, economic growth and exports as dependent variables. These findings confirmed the subsistence of cointegration among the series for 1972Q1-2011Q4 time span.      

Next step is to discuss long run effect of feign capital inflows, economic growth, exports and devaluation on energy consumption (see Table-4.3.6). We found that foreign capital inflows are inversely and significantly related energy demand. The relationship between these both variables reveals that a 1% addition in inflows of foreign capital lowers energy consumption by 0.0925% provided that other things remain same. These results are consistent with Mielnik and Goldemberg (2002), Chima (2007), Hubler (2009), Hai (2009a), Zheng et al. (2011) and Lee (2013) but contradictory with Tang (2009), Hubler and Keller (2009), Bekhet and Othman (2011), Tang and Tang (2014) and Zaman et al. (2012c). Economic growth is positively and significantly related to energy consumption. All else is same, a 0.7157% energy demand is associated with 1% rise in income per capita. Exports affect energy consumption positively and significantly. A 0.0444% stimulation in exports raises energy demand by 1% if all other remain same. Our empirical evidence is consistent with Shahbaz et al. (2013a). Energy consumption is negatively and significantly affected by devaluation. A 1% rise in devaluation reduces energy demand by 0.1207%, all else remains constant. Domestic currency devaluation affects energy demand via affecting domestic GDP and exports. Pakistan devalued its domestic currency numerous times to improve the trade balance, but could not reap the fruits of devaluation. For example, Shahbaz et al. (2011c) reported that devaluation deteriorates trade balance in Pakistan and Bahmani-Oskooee and Cheema (2009) did not provide support in favor of the J-curve phenomenon. 

Later on, Shahbaz et al. (2012b) found that devaluation is not expansionary i.e. currency devaluation impedes GDP growth. Low economic growth is linked with lower levels of exports, which in resulting decline economic growth as Shahbaz et al. (2011b) confirmed that exports cause economic growth and economic growth causes exports in Granger sense and similar is reported by Shahbaz (2012). We may conclude that currency devaluation lowers domestic output and hence exports, which in resulting, declines energy demand. Kaklr et al. (2008) and Zheng et al. (2011) for China, unveiled that growth in exports stimulates growth in energy demand. The impact of dummy variable is negative and statistically significant on energy consumption.
Table-4.3.6: Long Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. values

	Constant
	-0.0627
	0.1118
	-0.5606
	0.5758
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	F-statistic
	46.7046*
	
	

	Durbin-Watson Test
	2.1048
	
	

	Note: The significance at 1% and 5% levels is shown by * and ** respectively.


Overall, our model is well specified and dependent variable is 69.17% explained by the explanatory variables. There is no problem of autocorrelation and significant F-statistic at 1% level of significance shows the overall significance of the model. There is an absence of auto-correlation in our empirical model. The previous studies for said issue could not offer any help to policy makers in formulating inclusive trade, energy and growth policies. These studies applied traditional unit root test as well as cointegration approaches and ignore the role of structural breaks. The structural breaks are outcomes of the economic policies implemented in an economy to perk up the macroeconomic performance. It is essential to consider these structural breaks while designing a particular policy for sectors such as foreign direct investment as well as portfolio investment, foreign remittances, exports, devaluation and energy consumption. The issue of structural breaks occurring in the series is handled by employing the unit root tests which accommodate the structural break. We have used multivariate energy demand model by integrating exports and devaluation as possible factors of economic growth and energy consumption. We have also used quarter frequency data which provides efficient empirical evidence as compared to annual data analysis. We may conclude that our empirical results are more reliable for policy making point of view. Moreover, we note that our results reject null hypothesis i.e. H3: Foreign capital inflows do not impact energy consumption in Pakistan. This concludes that foreign capital inflows affect energy consumption in Pakistan.         

The next is to find the short run dynamics. Table-4.3.7 shows the short run findings. In the short run, foreign capital inflows affect energy demand negatively but insignificant. Economic growth impacts energy demand positively and significantly. The friendship between exports and energy consumption is positive and significant. A negative impact of devaluation on energy consumption is found which is statistically significant at 1%. The dummy variable is negatively linked to energy consumption but it is statistically insignificant. The sign of 
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 is negative and significant at 5%. This confirms our established cointegration association amongst the variables. The statistical significance of 
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 with negative sign indicates the short-run convergence to equilibrium path in long-run. The estimate of 
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 is equivalent to -0.0658 and it is significant at 5%. We found that any short run shock stems in energy demand is corrected by 6.58% in each quarter and it will take 3 years and 10 months to achieve stable equilibrium path in the long-run.
Table-4.3.7: Short Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. Values

	Constant
	0.0004*
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	3.0766
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	Note: The significance at 1% and 5% levels is indicated by * and ** respectively. 


The findings of diagnostic check have described in Table-4.3.8. We find that error term has a normal distribution with constant variance and mean value is zero. There is no evidence of serial correlation and no problem of autoregressive conditional heteroskedasticity is found. We find no evidence of white heteroskedasticity. The findings by Ramsey reset show that the short run model is well constructed.
4.3.2. The VECM Granger Causality Analysis

The causal relation amongst the series has been investigated by employing the VECM Granger causality test. Table-4.3.8 shows the outcome of the VECM Granger causality approach. In the long run, we find that inflows of foreign capital Granger cause economic growth and in resulting, energy consumption Granger causes foreign capital inflows. Our results are consistent with Dube (2009) for South Africa and Kuo et al. (2012) for China. We noticed that our results are contradictory with Tang (2009), Bekhet and Othman (2011), Tang and Tang (2014) for Malaysia, Sultan (2012b) for Mauritius, Zaman et al. (2012c) for Pakistan. The bidirectional causal relationship exists between economic growth and inflows of foreign capital. This finding is consistent with Iqbal et al. (2010), Attari et al. (2011) and, Shahbaz and Rahman (2012) while Yasin and Ramzan (2013) reported the neutral effect between both variables. Energy demand is caused by economic growth and in resulting, economic growth is caused by energy consumption in Granger sense. The relationship between exports and energy demand is bidirectional. This finding is contradictory with Siddiqui (2004) for Pakistan, Narayan and Smyth (2009) for MENA countries, Sultan (2012b) for Mauritius and Halicioglu (2011) for Turkey.    
Table-4.3.8: Long-and-Short Run Causality 

	Dependent 

Variable
	Direction of Causality

	
	Short Run
	Long Run
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively. 


We find that exports cause economic growth while economic growth causes exports in Granger sense. In case of Pakistan, Afzal et al. (2008), Abbas (2012) reported that exports are Granger cause of GDP growth, but Shirazi and Manap (2004) found that GDP growth is cause of exports. Moreover, Ahmed et al. (2000) noted that neither exports play role in stimulating domestic production nor domestic production leads exports in Pakistan. The causal link between inflows of foreign capital and exports is bidirectional in case of Pakistan. This empirical evidence is supported by Shahbaz and Rahman (2012), Rahman and Shahbaz (2013) but contradictory with Khan and Khan (2011). Devaluation Granger causes inflows of foreign capital, economic growth, energy use and exports. Devaluation attracts foreign capital inflows if the price level remains low in the host country. In Pakistan’s economy, devaluation is positively linked with price level. For example, Khan and Schimmelpfennig (2006) reported that a 1 per cent add in devaluation of local currency adds in domestic price level by 0.14 per cent. This increased inflation retards domestic output via increase in cost of production and hence exports, which in results, lowers economic growth. We find that devaluation itself raises inflation in Pakistan and foreign capital inflows are affected. Similarly, devaluation affects exports as well as economic growth. This shows that devaluation inversely Granger causes energy consumption via negatively affecting foreign capital inflows, exports and economic growth. 

Table-4.3.9:  Long-and-Short Runs Joint Causality

	Dependent 

Variable
	Direction of Causality

	
	Long-and-Short Runs Joint Causality
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	Note: The significance at 1% and 5% levels is shown by * and ** respectively.


In short-run, economic growth is lead by energy demand and economic growth leads energy demand in Granger sense. The association between exports and energy consumption is two-way in Granger sense. The bidirectional causal association exists between devaluation and energy consumption. Inflows of foreign capital inflows cause economic growth and economic growth causes inflows of foreign capital in Granger sense. The linkage between inflows of foreign capital, exports, and devaluation is bidirectional. Exports cause economic growth and economic growth causes exports in Granger sense. Table-4.3.9 explains the joint long-run and short-run Granger causality. 

4.4. Trade Openness and Energy Consumption

The impact of trade openness on energy demand is investigated for the long-run and short-run in this part of the chapter. The causal relation amongst the series is examined by employing the VECM Granger causality test. 

H4: Trade openness does not affect energy consumption in Pakistan

4.4.1 Empirical Findings 

Table-4.4.1 details the descriptive statistics and pair-wise correlations. The Jarque-Bera test statistics validate the normal distribution for the series of energy consumption, economic growth, composite effect, openness in trade and comparative advantage effect i.e. interaction between trade openness and capital-labor ratio. This leads us for further analysis to inspect the association between trade openness and energy demand. The results of pair-wise correlations are shown in Table-4.4.1. Economic growth is positively interrelated with energy consumption. The composite effect is inversely correlated with energy demand. Trade openness is negatively related with energy consumption. The correlation between trade factor-endowment and energy demand is positive. The association between economic growth and composite effect is positive. Economic growth is positively related to openness in trade. The comparative advantage effect is positively linked with economic growth. Openness in trade and comparative advantage effect are positively correlated with composite effect. The correlation between openness in trade and comparative advantage effect is positive.     

Table-4.4.1: Descriptive Statistics and Correlation Matrix 

	Variables 
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	 Mean
	4.5701
	-1.1740
	7.5713
	7.5699
	57.3396

	 Median
	4.5977
	-1.1716
	7.5718
	7.5239
	57.3707

	 Maximum
	4.8846
	-0.9879
	7.8438
	8.0318
	62.7170

	 Minimum
	4.2376
	-1.3736
	7.2231
	7.1913
	52.0842

	 Std. Dev.
	0.1967
	0.1091
	0.1526
	0.2293
	2.6784

	 Skewness
	-0.1045
	-0.0494
	-0.5184
	0.2652
	-0.1184

	 Kurtosis
	1.7101
	2.0072
	2.6569
	2.1913
	2.4085

	 Jarque-Bera
	2.9236
	1.6589
	 2.0762
	 1.5899
	 0.7234

	 Probability
	0.2318
	0.4362
	 0.3541
	 0.4515
	 0.6964

	Observation
	160
	160
	160
	160
	160
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	0.1811
	 0.1852
	 0.4726
	 0.5001
	 1


We apply ADF and PP unit root tests to examine the stationary levels of the series. Table-4.4.2 shows the empirical evidence by ADF unit root test which reveal that all the variables are stationarity at first difference with intercept and trend. Following PP unit root test, we find that comparative advantage effect is stationary at I(0) and energy demand, economic growth, trade openness and composite effect are stationary at first difference. We conclude that the unique order of integration of the variables is confirmed by ADF unit root test but mixed order of the series is reported by PP unit root test.    

Table-4.4.2: Unit Root Tests without Structural Break

	Variables 
	ADF Test
	PP Test

	
	T-statistics
	Prob. Values
	T-statistics
	Prob. Values
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	-2.6542(9)
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	-2.1212 (9)
	0.5593
	-2.7789 [3]
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	-2.5810 (5)
	0.2896
	-1.9613 [6]
	0.6066
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	-2.3058 (4)
	0.4279
	-2.0216 [3]
	0.5847
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	-1.8449 (4)
	0.6780
	-2.1948 [9]* 
	0.4888
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	-3.7551 (8)**
	0.0216
	-6.7525 [6]*
	0.0000
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	-4.8647 (7)*
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	-6.7551 [6]*
	0.0000
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	-4.1105 (4)*
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	-5.4282 [6]*
	0.0001
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	-4.3468 (5)*
	0.0035
	-5.8453 [9]*
	0.0000
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	-4.3611 (4) *
	0.0033
	-6.1397 [6]*
	0.0000

	Note: The significance at 1% and 5% levels is indicated by * and ** respectively. () and [] indicate lag order and bandwidth AIC for ADF and PP tests respectively.


This ambiguity of stationary levels of the variables intends us to utilize additional test of unit root to confirm the strength of unit root investigation. Furthermore, the presence of structural break in the variables may be cause of unit root problem. For this purpose, we apply Clemente et al. (1998) unit root test accommodating single as well as two unknown structural breaks arising in the variables. The empirical findings of unit root analysis are shown in Table-4.4.3. We find that in the presence of single structural break arising in the series, the variables have unit root problem with intercept and trend. The implementation of minimum wages in 2004 influenced the domestic production and hence trade via affecting unemployment. 
Table-4.4.3: Unit Root Tests with Structural Break

	CMR Unit Root Test with Unknown Structural Breaks

	Variable
	Innovative Outliers
	Additive Outlier

	
	T-statistic
	TB1
	TB2
	T-statistic
	TB1
	TB2
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	-1.885 (6)
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	-2.741 (3)
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	2004Q1
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	2004Q2
	-5.923(5)*
	2004Q3
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	Narayan and Popp Unit Root Test

	Variables
	Model M1
	Model M2
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	-2.0597 (4)
	1987Q1
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	-2.2927 (5)
	1987Q1
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	1999Q1
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	-3.190 (4)
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	-3.866 (6)
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	-3.902 (8)
	2002Q4
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	-4.028
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	Note: The significance at 1% and 5% levels is indicated by * and ** respectively. () indicates lag length to be used. The critical values of NP unit root test are (-5.259, -5.949) and (-4.154, -5.181) for Model M1 and Model M2 at 1%, and 5 % significance levels.


Table-4.4.4: VAR Lag Order Selection Criteria

	VAR Lag Order Selection

	 Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	1
	 2461.923
	 2872.768
	 8.72e-21
	-31.9989
	-31.4021
	-31.7565

	2
	 2648.841
	 346.7818
	 1.04e-21
	-34.1294
	 -33.0353*
	-33.6850

	3
	 2660.192
	 20.3132
	 1.24e-21
	-33.9499
	-32.3583
	-33.3033

	4
	 2665.997
	 10.0051
	 1.61e-21
	-33.6973
	-31.6084
	-32.8487

	5
	 2770.647
	 173.4986
	 5.69e-22
	-34.7453
	-32.1591
	-33.6947

	6
	 2829.380
	  93.5101*
	  3.70e-22*
	 -35.1892*
	-32.1056
	 -33.9365*

	7
	 2834.298
	 7.5050
	 4.90e-22
	-34.9249
	-31.3440
	-33.4702

	8
	 2840.580
	 9.1757
	 6.41e-22
	-34.6786
	-30.6004
	-33.0219

	Note: The selection of lag order by criterion is shown by *.


The minimum wages in 2004 not only affected the labor supply but also trade as well as comparative advantage from international trade. We note that unit root problem is resolved as all the variables are stationary at first difference and same inference is found once we applied Clemente et al. (1998) test accommodating two structural breaks in the series. To test the robustness of unit root properties of the variables by accommodating two structural breaks, NP test is also employed. The results explained in Table-4.4.3 indicate that the integrating order all the series is unique i.e. I(1). The cointegration amongst the variables is tested by utilizing the ARDL bounds testing as we found that the unique order of integration of the variables is confirmed. Before applying bounds testing, it is necessary to have information about a suitable lag order of the running actors using unrestricted VAR model. So, our results for lag length selection are based on Akaike information criteria (AIC) and found that lag length 6 is appropriate to compute F-statistic (see Table-4.4.4).  
Now turn is to employ the ARDL F-test and empirical findings are shown in Table-4.4.5. We find that the ARDL F-statistics surpasses upper bounds at 1% and 5% levels respectively. Our results indicated the five cointegrating vectors once energy consumption, economic growth, composite effect, openness in trade and comparative advantage effect are treated as dependent variables. This verifies that the cointegration relation among the series in case of Pakistan exists.   

Table-4.4.5: The Results of Cointegration Tests

	Bounds Testing to Cointegration
	Diagnostic checks

	Estimated Models
	F-statistics
	Structural Break
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	4.158**
	2004Q4
	0.1104
	[2]: 2.1055
	[2]: 0.6891

	Note: The significance at 5% and 10% levels is shown by ** and *** respectively. 


The long run elasticities are explained in Table-4.4.6. We find that linear term (scale effect) and non-linear terms (technique effect) of real per capita GDP impact energy consumption positively and negatively at 1% significance level. It confirms the presence of inverted U-shaped affiliation between real per capita GDP and energy consumption. This reveals that energy demand increases with an increase in real GDP per capita initially, but after a threshold point of real per capita GDP, energy consumption declines due to the adoption of advance technology for production. We note that a 1% add in real per capita GDP will raise energy demand by 5.7894% while negative estimate of squared term corroborates the delinking of real per capita GDP and energy consumption i.e. -0.2871 as per capita income per capita goes to its higher level. This shows that the scale effect overrules the technique effect and increases energy demand. Our findings are contradictory with Chintrakarn and Millimet (2008) for the US. Furthermore, Cole (2006) indicated that an inverted U-shaped relationship between income growth and energy consumption reveal that the scale effect dominates the technique effect. He noted that regulations and technology are ineffective in declining energy demand in developing countries.    

The impact of composite effect is inversely and significantly linked to energy consumption. We conclude that a 1% boost in the capital-labor ratio lowers energy demand by 0.4052% by keeping other economic agents same. It implies that Pakistan will experience a fall in energy use due to adoption of more liberalized trade policies or trade liberalization. This shows that adoption of capital intensive technique for domestic production is energy saving, but labor intensive technique is positively linked with energy demand. Our empirical evidence is consistent with Chintrakarn and Millimet (2008) but contrast with Cole (2006). Energy demand is turned down significantly with an increase in trade. A 1% boost in trade lowers energy consumption by 0.3846%. This empirical evidence is same with Chintrakarn and Millimet (2008) for the US, but contradictory with Cole (2006) and Sadorsky (2011, 2012). Contrary, Shahbaz et al. (2013a) unveiled that economic growth is lead by exports and in the resulting, demand for natural gas is increased in Pakistan. The comparative advantage effect affects energy demand positively and significantly at 1% level. We find that a 1% increase in comparative advantage effect is associated with 0.5092% boost in energy demand, all else is same. Cole (2006) argued that energy demand is declined by adopting low capital-labor ratio in high income countries with a rise in trade openness and reverse is true in case of developing countries.

Table-4.4.6: Long Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. values

	Constant
	6.5863**
	2.5769
	2.5558
	0.0116
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	0.5092*
	0.0612
	8.3157
	0.0000

	
[image: image434.wmf]t

DUM


	-0.0627*
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	F-statistic
	36.5780*
	
	

	Durbin-Watson Test
	1.6304
	
	

	Note: The significance at 1% and 5% levels is shown by * and ** respectively.


Our empirical results support the presence of comparative advantage effect in Pakistan. Pakistan is developing economy and implements high capital-labor ratio and the environmental regulations are less stringent. So, trade openness is linked with high energy demand as domestic and foreign (foreign direct investment) producers have comparative advantage for dirty production. Our results are consistent with the findings of Cole (2006). The dummy variable is inversely and significantly associated with energy consumption.

Overall, trade openness has positive impact on energy consumption. Trade openness affects energy consumption via scale, technique and composite effects. Trade liberalization increases intra-industry trade (Shahbaz and Leitão, 2010) by activating industrial activity which affects energy consumption. Trade openness also provides access of domestic producers to international markets. Producers increase their output to congregate the rising demand for their products in international markets. This is named as the scale effect. The scale effect may either decline energy demand or raise energy consumption. This implies that trade openness enhances domestic production via scale effect and hence economic growth (Shahbaz, 2012). This scale effect intends the producers to implement advanced technology to enhance production as well as to lower their average cost. Trade openness also provides access to developing economies for purchasing energy efficient technology from developed countries. Foreign investors may also allocate energy efficient technology as investment climate in the host country is conducive and more competition exists in domestic and international markets due to trade openness. This also develops competition not only among domestic producers (firms) but also among foreign producers to adopt modern technology for optimum output via investing in cleaner and more efficient plants. This would decline energy demand in the host country. The differences in relative per capita income among the countries as well as the relative prices of factor endowment provide oxygen to establish trade-composition. The trade-composition effect can affect energy consumption in either way positive or negative. The effect of comparative advantage due to trade liberalization will be positive if countries expand dirty production and vice versa.
We have noted that our results reject the null hypothesis i.e. H4: Trade openness does not affect energy consumption. We may conclude that trade openness affects energy consumption. Moreover, it is found that our results are more reliable and consistent as compared to Shahbaz et al. (2013a) who scrutinized the rapport between gas consumption, exports and economic growth. They measured trade by using exports but ignored role of imports while natural gas consumption does not show whole phenomenon of energy consumption in Pakistan. Their study captures the fractional aspect of energy consumption with respect to exports and economic growth, which cannot help policy makers in scheming a wide-ranging energy as well as trade policy to sustain economic development in Pakistan. Our study presents a better empirical model with reliable and efficient empirical findings covering whole aspects of trade openness on energy consumption using the multivariate framework. Shahbaz et al. (2013b) and Raza et al. (2015) examined the effect of openness in trade on energy consumption utilizing data of Chinese and Pakistani economies respectively. They just took trade openness as a determinant of energy demand and economic growth but ignored the role of composite effect and factor-endowment effect which not only affect economic growth but also energy consumption. 

Table-4.4.7: Short Run Results

	Dependent Variable = 
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	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob. values

	Constant
	0.0024*
	0.0005
	4.2788
	0.0000
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	Durbin-Watson Test
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	Diagnostic Tests
	F-statistic
	Prob. Value
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	Note: The significance at 1%, 5% and 10% levels is shown by *, ** and *** respectively. 


The short run dynamics are noted in Table-4.4.7. We unveil that the effect of growth in per capita GDP on energy demand is U-shaped. This implies that the scale effect is dominated by the technique effect. The scale effect is negatively linked to energy consumption and the technique effect increases energy demand. We may conclude that technique effect takes time to reap its optimal fruits via trade liberalization as well as to decline energy intensity. The effect of composite effect is negative and significant on energy demand. This indicates that trade-composition declines energy demand. Energy demand is declined by openness in trade. It is noted that openness in trade declines energy demand. The comparative advantage effect impacts energy consumption positively and significantly. The impact of dummy variable on energy demand is negative but insignificant.

The negative sign of 
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is statistically significant at 1% level. It indicates that our established cointegration relationship between the series is robust. The coefficient of 
[image: image453.wmf]1

-

t

ECM

 is equalent to -0.0775 which reveals the short-run deviations towards long-run would accurate by 7.75% in each quarter. It will take 3 years and 3 months to achieve stable equilibrium path for long run. The short run model fulfills all assumptions of the CLRM. Our results reported in Table-4.4.7 indicate that there is no empirical evidence exists in favor of non-normality of the error term. It exposes that the error term has normal distribution with zero mean and finite variance. The serial correlation and autoregressive conditional heteroskedisticity do not exist in the short-run model. The existence of homoskedisticity is confirmed rather than white heteroskedistiity. The Ramsey reset test reveals that the short-run model is well formulated. 

4. 4. 2. The VECM Granger Causality Analysis

The trade-energy nexus results are detailed in Table-4.4.8. We note that the liaison between energy demand and economic growth is bidirectional. The feedback effect between both variables shows the significance of energy supply for sustainable economic growth. These findings are supported by previous studies such as Shahbaz et al. (2012a), Nawaz et al. (2012) and, Alam and Butt (2002) using Pakistani data. The feedback effect also exists between openness in trade and energy consumption and same is true for economic growth and trade openness. 

Table-4.4.8: Long-and-Short Runs Causality 

	Dependent 

Variable
	Direction of Causality

	
	Short Run
	Long Run
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The feedback effect exists between trade openness and energy demand is contrary to the findings of Narayan and Smyth (2009) and Lean and Smyth (2010b) for Middle Eastern countries and Malaysia. But Nasreen and Anwar (2014) also reported that trade and energy consumption are interdependent in Asian countries.
Table-4.4.9:  Long-and-Short Runs Joint Causality

	Dependent 

Variable
	Direction of Causality

	
	Long-and-Short Runs Joint Causality
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The comparative advantage effect causes energy consumption and energy consumption causes the comparative advantage effect in Granger sense. Similarly, the feedback effect is confirmed between composite effect and economic growth. The bidirectional causal link is noted between comparative advantage effect and economic growth. Trade openness and comparative advantage effect are Granger cause of each other and same is also noted for composite effect and trade openness. In the short run, energy consumption is caused by economic growth and economic growth is caused by energy consumption in Granger sense and same is validated for trade openness and composite effect. The unidirectional casual association exists from the comparative advantage effect to composite effect. Trade openness causes the comparative advantage effect and the comparative advantage effect causes trade openness in Granger sense. Table-4.4.9 presents the results of long-run and short-run joint causality. 

CHAPTER 5

CONCLUSION AND POLICY IMPLICATIONS

5.1. Conclusions

This study scrutinized the impact of macroeconomic variables on energy consumption utilizing Pakistani data for the period of 1972Q1-2011Q4. We had tested four hypotheses. Our results rejected the null hypothesis (H1) and exposed that sectoral growth such as agriculture sector growth, industrial sector growth and services sector growth boosts energy consumption. Energy prices are negatively associated with energy demand. Investment is inversely linked to energy consumption. The null hypothesis (H2) is rejected because urbanization positively impacts energy consumption. Energy consumption is increased with an increase in affluence. An increase in technology increases energy consumption. The rise in transportation enhances energy consumption.    

Our empirical evidence rejected the null hypothesis (H3) and we found that foreign capital inflows have negative impact on energy consumption i.e. foreign capital inflows lower energy intensity via adopting energy efficient technology. Economic growth adds in energy demand and a major contributor to energy consumption. Exports stimulate energy consumption, but devaluation lowers energy demand. The null hypothesis (H4) is rejected and unveiled that trade openness declines energy demand. The scale effect increases energy consumption but the technique effect declines it. The composite effect lowers energy intensity. The comparative advantage effect affects energy consumption positively. 

5.2. Policy Implications

Our results indicate that sectoral growth is positively associated with consumption in energy. This suggests that government should implement energy policy on priority basis to explore new sources of energy to promote sectoral economic activity and hence economic growth. The exploration of new sources of energy will decline Pakistan’s high dependence on oil imports and helpful in maintaining imports bill as well as trade deficit. The consistent supply of energy is suitable tool to stabilize domestic energy prices as rise in energy prices affects investment which in resulting, affects whole economic activity. This entails that reduction in energy supply deteriorates economic activity and hence economic growth. In such situation, government initiated some immediate steps to control load-shedding, government should also construct big and small dams on priority basis, following ground reality, to achieve sustainable economic development for long span of time. The consistent energy supply will not only promote economic activity but also lower unemployment rate via stimulating industrialization and improve the living standard of people in Pakistan.    

The adoption of advanced technology should be encouraged during production process especially in agriculture and industrial sectors to save energy. Services sector should also utilize energy efficient technology for its usage. This would not only increase domestic production but also enhances exports capacity of Pakistan. The exports earnings can be helpful in obtaining more advanced and energy efficient technology to enhance domestic production and to save energy. Government should also introduce incentives to encourage local investors to implement energy efficient technology to enhance domestic production and to reap maximum fruits from advanced technology via investment. These incentives may lead to more investment which affects energy directly and indirectly via stimulation of economic activity. A hike in energy prices decline energy demand. This suggests to implement energy policy on priority basis to explore new sources of energy for endorsing domestic production and in resulting, economic growth can be achieved at affordable prices. Our empirical results show negative impact of investment on energy consumption. In such circumstances, government should also introduce more incentives to encourage local investors to implement more energy efficient technology to enhance domestic production and to reap maximum fruits from advance technology via investment. 

Our empirical results indicate the positive impact of urbanization on energy consumption. This requires an important attention of policy makers to meet the challenge of rising energy demand due to rise in urban population. In such situation, question is how Pakistan can achieve sustained economic growth by cutting down energy demand as the bidirectional causality exists between economic growth and energy consumption. So, energy demand increases day-by-day due to increase in per capita income as well as urbanization. Reducing urbanization seems to be a possible way to control energy demand. The urbanization causes (in Granger sense) economic growth and, existence of feedback effect between energy consumption and growth suggests that reduction in urbanization and energy consumption has a detrimental impact on economic growth. To support urbanization and hence economic growth as well as industrialization, there is a need of urban policies to improve urban infrastructure and additional sources of energy are also required such as renewable energy sources is a viable option. The investment opportunities in renewable energy sources should be explored and encouraged. The government should build energy efficient urban infrastructure and implement energy saving-projects to decline energy intensity not only at urban level particularly but also at national level generally. Additionally, energy efficient policy must be implemented in urban areas to accelerate the switch from high energy intensive household durables to low energy intensive items. Urbanization is positively linked with energy consumption. So, the government should take initiatives which will slow down the rural-urban migration. Decentralization of administrations, job creations in rural areas, better facilities for schooling and health services in rural areas can be the policy priorities for reducing the speed of urbanisation.
We find that affluence (economic growth) and technology are positively linked with energy demand. The government must invest in exiting power stations as well as build new power stations to meet energy demand-supply gap and to dig-out load-shedding. The government should control electricity theft which is a major reason of load-shedding in Pakistan. We find that Pakistan’s industrial and services sector use technology which is energy intensive as technology is positively related with energy consumption. This implies that government should pay more attention to allocate more funds for research and development activities to invent energy efficient technology for industrial and services sectors. This will not only save energy but also enhance domestic output and hence economic development.  

The relationship between transportation and energy consumption is positive. In Pakistan, vehicles (per kilometer of road) were 7 in 2007 increased to 9 in 2011. The growth of motor vehicles on road is 28.57% (WDI, 2012). The major share of overall vehicles in the form of cars and minibus is owned by private sector and share of public transport is not encouraging. This all affects energy demand. The government should implement rapid bus transit system in all urban areas. The quality of services must be maintained to attract the people for public transport facility otherwise allocation of public funds without knowing the source of problem is not good strategy. So, this would be a possible way to save energy and, we can utilize saved energy to meet the rising demand of agriculture, industry and services sectors for sustainable economic development and better living standard.     

Our empirical evidence explains that foreign capital inflows are inversely connected with energy consumption is negative. It suggests that the government should also encourage foreign investors to adopt innovative technologies with exhaustive management to enhance efficiency of energy sector. Research and development expenditures must be increased both by the government and foreign investors as well as local investors to introduce energy efficient and environment friendly technology. This would not only helpful in saving energy resources, but also improve the quality of life. In this regard, foreign remittance is a good source of income to import energy efficient and environment friendly technology from the developed world. In this regard, the government can introduce a new incentive for portfolio investment in stock markets of Pakistan. This source of foreign exchange can also be used for advance technology to decline energy intensity. Side by side, government must pay attention to provide a friendly environment to foreign investors because foreign direct investment comes with advance technology to the host country. 

Pakistan has potential to develop energy efficient technologies via promoting direct foreign investment as we found that foreign direct investment lowers energy consumption. The reason is that direct foreign investment is a viable channel to transfer advance technology in host countries such as Pakistan and to obtain the spillover effects of foreign direct investment. Foreign direct investment can play its role in consistent supply of energy by adopting energy exploration policies and helpful for Pakistan in achieving sustainable economic growth path. Government must provide technology funds in order to promote the green energy project in the country. This process will not only lead to improve the investment climate in the country, but also helps in earning foreign exchange via boosting exports in trading partners’ markets of Pakistan. 

Devaluation can be helpful after improving quality of exports following the demand in international markets otherwise it would be harmful not only for foreign capital inflows and exports but also for economic growth as data and previous empirical substantiations in Pakistan economy context  suggests a feedback effect between growth-foreign capital inflows and exports and growth. Just a comprehensive policy framework is needed by directing institutional, political, social and economic factors affecting energy intensity in Pakistan.      

Our empirical results show that trade is negatively related with energy and the bidirectional causal association is noted between trade openness and economic growth. This shows that openness of trade plays significant role in affecting energy demand. For example, trade openness not only provides different routes to access the international markets but also enable developing countries to have access to advance technology from the developed world. The advanced and energy efficient technology will decline energy intensity and enhance domestic production. The increased production enhances trade potential which promotes economic growth. So, energy supply will be beneficial both for trade and growth. It is also helpful for Pakistan in reaping comparative advantage of international trade via the domestic composite effect. 
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APPENDICES

Appendix-A

The CUSUM and CUSUMsq tests are commonly used to examine the trustworthiness of long-and-short runs estimates. Pesaran and Shin (1999) also suggested to use these tests. The null hypothesis of both these tests may be rejected if the plots exceed the critical bounds. We may accept null hypothesis which reveal that the model is well specified if critical bounds remain between critical boundaries. 

Economic Growth and Energy Consumption Nexus

Figure-4.1.1: Plot of CUSUM
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Figure-4.1.2: Plot of CUSUMsq
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Both graphs of the CUSUM and CUSUMsq are between upper and lower limits (see Figure-4.1.1 and 4.1.2). We may conclude that the long-and-short runs estimates are consistent and reliable. Furthermore, estimates of the ARDL bounds testing are also efficient. 

Urbanization and Energy Consumption Nexus

Figure-4.2.1: Plot of CUSUM
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Figure-4.2.2: Plot of CUSUMsq
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Both diagrams of the CUSUM and CUSUMsq are between upper and lower limits (see Figure 4.2.1 and 4.2.2). This leads us to claim that the long-and-short runs parameters are consistent and reliable. Furthermore, estimates of the ARDL bounds testing are also efficient.

Foreign Capital Inflows and Energy Consumption Nexus 

We find that graph of the CUSUM is within critical boundaries. The CUSUMsq test indicates a structural break point as graph of the CUSUMsq crosses the upper critical boundaries at 5% level. The break year is 1993Q1 is related to political violence in Karachi. During 1993-1994, there were heavily political killings in Karachi of Muhajir Quami Movemnet, Muthida Qaumi Movement and Sind nationalist groups.  

Figure-4.3.1: Plot of CUSUM
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Figure-4.3.2: Plot of CUSUMsq
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Additionally, the Chow forecast test is employed to confirm the presence of structural breaks indicated by the CUSUMsq test. It is argued by Leow (2004) that we should not only rely on the CUSUM and CUSUMsq tests and we must confirm the robustness of results by applying Chow forecast test. Our results are reported in Table-4.3.8 reveal that there is no indication of structural break as found by the CUSUMsq test. We may conclude that our estimates of the ARDL bounds testing approach are consistent and same inference is drawn for long-and-short run parameters. 

Table-4.3.8: Chow Forecast Test

	Chow Forecast Test

	
	Value
	Probability

	F-statistic
	 0.8106
	 0.8158

	Likelihood ratio
	 98.703
	 0.0411


Trade Openness and Energy Consumption Nexus

The stability checks have also been applied by employing the CUSUM and CUSUMsq to check the consistency of the long-run and short-run estimates.

Figure-4.4.1: Plot of CUSUM
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Figure-4.4.2: Plot of CUSUMsq
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The CUSUM test reports that diagram lies between critical boundaries at 5% level. This confirms the reliability of the ARDL estimates, but same is not true in case of the CUSUMsq test. The CUSUMsq test shows that diagram crosses the lower critical bound in 3rd quarter of 1981. This indicates the presence of structural break in an economy. We relate this break with the first population census, which was held in 1981 as well as Pakistan obtained debt rescheduling relief after third request and USD 232 million, debt was approved by the International Monetary Fund (IMF). Additionally, the Chow test is also employed to examine the presence of structural breaks indicated by the CUSUMsq test. 

Table-4.4.8: Chow Forecast Test

	Chow Forecast Test

	
	Value
	Probability

	F-statistic
	 0.1050
	 0.7956

	Likelihood ratio
	 0.6406
	 0.4367


The results reported in Table-4.4.8 show the absence of any structural breaks in the overall study 1972-2011. Leow (2004) pointed out that Chow test is reliable compared to the CUSUM and CUSUMsq test. We conclude that the ARDL estimates are consistent and the long-and-short run parameters are also reliable. 
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