
 

 

 

 

 

 

Energy consumption and growth 
(The case of Sweden for the industry and service sectors) 

Bachelor’s thesis within economics 

Authors:      Aleksandra Petkova 861205-3465 

                   Melanija Jordeva 891108-1787 

Tutors:         Lars Pettersson 

                   Therese Norman 

                   Jönköping  January 2012 



 

 

Bachelor’s Thesis in Economics 

Title: Causality between energy consumption, energy prices and total output                       

(The case of Sweden for the industry and service sectors) 

Authors: Aleksandra Petkova 861205-3465 

                                         Melanija Jordeva 891108-1787 

Tutors: Lars Pettersson 

                                         Therese Norman 

Date:  2012-01-10 

Key terms:  Causality, Energy, Growth, Energy Prices 

 

Abstract 

 

This paper examines the relationship between energy and economic growth in the case 

of Sweden.  It analyzes the role energy plays in the level of economic activity. The pre-

vailing economic theories focus more on other factors as important for the economic 

growth. The included statistical data shows that the total energy use in Sweden has de-

clined in the last couple of years. This is mainly as a result of the shift in energy use to 

higher quality fuels, electricity, optimized production process and machinery, and in-

creased use of renewable energy sources. This paper investigates the connection be-

tween total energy use and levels of economic activity in Sweden. Furthermore, it dis-

cusses Sweden’s energy policy activities and their economic and environmental impli-

cations. 

Instead of looking at the entire economy, as some earlier papers, the focus is placed on 

the industrial and service sectors. This gives the possibility to better analyze the imple-

mented energy policies, showing their effectiveness at these sectors. 

Time series analysis is employed following a four step procedure. First it is the Aug-

mented Dickey-Fuller test performed, followed by the Johansen test and the Vector Er-

ror Correction Model (VECM). The results from VECM are interpreted with the help of 

the Wald test. 

The results from this four step procedure showed univariate cointegration between In-

dustry`s output and energy consumption and bivariate cointegration between Service`s 

output and energy consumption. 

The paper further shows that there is a relation between the types of energy used in the 

economic sectors and the sectors` productivity levels. This paper also aims to demon-

strate the environmental and economic effects from such relation. 
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1   Introduction 

Nowadays global energy issues are attracting much attention. International policies for 

sustainable energy use and reduction of greenhouse gas emissions have given rise to 

much research into the topic of energy consumption and economic performance. Empir-

ical analyses have investigated this energy-economic activity linkage and have stressed 

the importance of energy for the economic development. This paper examines the role 

of energy and its implications for the economic production of Sweden and the policies 

influencing the energy consumption. 

The main question addressed in this paper is the relationship between energy consump-

tion, the total output produced and the energy prices. More importantly, the paper inves-

tigates the causation among the three variables. What drives what? Does output depend 

on the energy consumption or is energy use demand driven? Do energy prices play a 

role in the energy consumption and the output produced and what are the implications 

from this for the economic performance? 

Swedish economy mainly relies on crude oils and oil products, nuclear power and bio 

energy according to statistical data presented by the Swedish Energy Agency (2010). 

However, recent energy policies are focusing on moving Sweden towards a more sus-

tainable society. This involves improvement of energy efficiency, renewable energy and 

efficient energy technology. To achieve these goals Sweden has to shift the energy use 

from nuclear to more renewable energy sources such as wind or bio energy at the same 

time keeping its economic competitiveness. There has been much debate of whether nu-

clear power should be phased out. Although Sweden has been an enthusiastic supporter 

of measures to improve world`s environmental quality nuclear power is still one of the 

major energy sources in Sweden.  

With the help of vector error correction model (VECM) the relations between total out-

put, energy consumption and the energy prices is investigated. The collected data is 

tested for univariate, bivariate or no cointegration through time series analysis. Instead 

of estimating the data for the entire economy this paper is focused on the industrial and 

service sectors where the industrial sector is one of the most energy intensive for the 

Swedish economy and the service sector is one of the least energy intensive. 

The purpose of this paper is to find if there is any cointegration between energy con-

sumption, energy prices and total output. Targeting the Industry sector and Service sec-

tor gives better understanding of the economic processes than by looking at the econo-

my in general. The direction of causality of energy and output produced is highly rele-

vant for the decision process of what policies to be implemented. As such it requires 

much attention when considering changes in the energy supply and consumption as the 

effects can have dramatic impacts on the economic growth even for a developed country 

such as Sweden.  

The second section of this paper discusses energy policies that Sweden pursued 

throughout the years. It describes the current energy use and future plans and proposi-

tions. An insight into the public opinion in Sweden is also given. 

The third section is focusing on theories and models of economic growth and factors 

that can affect this growth. Business and financial economists pay significantly more at-

tention to the impact of oil and other energy prices on economic activity compared with 

the mainstream theory of economic (Stern, 2003). However empirical data testing 
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shows that there is a tight connection between final energy use and economic produc-

tion. A background theory of economic growth and some literature is reviewed to un-

derline the role energy plays in production. The physical theory of production is briefly 

discussed with energy as a factor of production. Then the energy augmented Solow 

growth model is presented to help describe the growth process of an economy and the 

relationship between total output and energy as important input. This section is meant to 

give an insight into how the economic performance of a country is affected by many 

factors, one of them being energy. 

 

In the next section the VECM is performed to see if there is a relationship between the 

total energy use and the different levels of economic activity in Sweden. Indexes of 

Swedish total output, energy consumption and energy prices are examined to analyze 

the relationship between them. After the empirical testing is performed the results are 

examined and thorough analysis is carried out.  

 

In the last section there is a brief comparison of the case of Sweden with other econo-

mies. Moreover, the economic and environmental implications are discussed. In com-

parison to countries in the EU, Sweden uses the highest proportion of renewable energy. 

This is partly because Sweden is a country with vast range of natural resources but also 

because it is pursuing active energy policies. However there is still much that can be 

done. Future policies that can be implemented are thus also discussed.  

 

Finally, a conclusion based on the results from the analysis is presented. In the case of 

the Industry sector in Sweden it was revealed that energy consumption is demand driven 

and the prices influence the energy consumption. This implies that the tight relationship 

of energy and output with a causality of energy to growth can have significant implica-

tions for the economic development if the wrong policies are pursued.  

 

And regarding the service sector, there is bivariate cointegration found but unlike the 

Industry sector, prices are not related either to the energy consumption or the total out-

put of the sector meaning that any taxes will not affect the energy consumption or the 

output of the sector.  
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2 Background 

Up to the late 1960’s, the period of intense industrial growth, Sweden was heavily rely-

ing on hydro power and oil as their main source of electricity. The oil crisis of the 

1970’s contributed to Sweden’s shift from oil to nuclear power. This decision was nec-

essary due to the uncertainty of oil prices. Later on Sweden was again heavily depend-

ent on oil for producing one fifth of the total electricity. This was mainly because during 

the 1970’s the demand for electricity was increasing by 7% annually.   

In 2009 the main sources of electricity in Sweden were hydro power constituting around 

49% followed by 37% share of nuclear power and a 2% share of wind power. The last 

12% came from fossil- and bio fuel-energy sources. 

2.1 Nuclear energy  

At the moment Sweden has 10 running nuclear reactors providing about 149 TWh from 

the total energy supply. In 1980 the Swedish Government approved the phasing out of 

Nuclear power. Throughout the years the Nuclear power has been a controversial sub-

ject for the Swedish society. In 1991 the Government decided to change their position 

about shutting down all reactors until 2010 and allowed the already existing reactors to 

reach the end of their technical life. That decision was followed by another one in 1998 

when it was decided to shut-down two reactors until 2001 regardless the end of their set 

end of technical life cycle. 

In June 2010 the Parliament reapproved their decision from 1980. 

2.2 Hydro energy 

During 2009 the total production of hydro energy accounted to 66 TWh compared to 

67.5 TWh average annual production. With decision from 1998 a 15% subsidy was in-

troduced for the sector aiming renovation of already existing plants and building new 

ones (Energy in Sweden 2010). If the renovated plant has stopped operating before 

1997 then that was counted as building new plant. The subsidy was given for renovating 

only those parts of the plant that was proven to increase efficiency and productivity. The 

willingness for the transition from fossil based industry to renewable energy in is the 

main driving force of the changes in the market and the new plans for water manage-

ment that were launched in 2004 and 2008.  

Renewing, refurbishing and building new plants are necessary due to the aging of the 

entire hydropower system. Very crucial for such changes to take place is the involve-

ment of highly specialized engineers and researchers for building and Research and De-

velopment future activities. Some of the factors that need to be taken in consideration 

are the changes in the climate, the consequences for the environment, the safety of the 

dams and the performance of the hydropower system.  

 

The investments in this part of the energy sector account to SEK2.5 billion per annum. 

These investments will also involve renovation and upgrading the mining dams in Swe-

den. The Sustainable Development Strategy carried out by the European Commission in 

2009 had a main focus on the development of the renewable sources of energy. This 

Strategy is accompanied by the incentives created in the energy sector for efficiency, 

sustainability and the security of supply.  
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Taking in consideration the forecasts of the Royal Academy of Science the energy pro-

duction in the future will be heavily based on renewable sources. One can conclude that 

hydropower will be integrated in that future production. It can be great regulator of the 

production in the short-run and that means that the demand for such type of energy will 

increase. In the future energy plans it is also suggested that the amount of wind energy 

should reach 30TWh until the end of 2020.  (Mill, Dahlbäck, Wörman, Knutsson, Jo-

hansson, Andreasson, Yang,  Lundin, Aidanpää, Nilsson, Cervantes, Glavatskih  2010). 

2.3 Wind energy 

A national plan for reaching 30 TWh wind energy production in 2020 was approved 

during 2009. Out of these 30 TWh the onshore part is expected to be 20 TWh and the 

offshore 10 TWh. Simplifications of the process have been introduced so that they 

would support the wind power interests. 

The newly accepted plan predicts 3 times more energy compared with the previous one 

for 10 TWh until 2015. Depending on the weather conditions it has been calculated that 

in order to threesome the initial planned output, there is need of increase from 800 wind 

turbines nowadays to 3000-6000 wind turbines onshore and offshore in future. This 

very important conclusion was reached by the Swedish Energy Agency. They conduct-

ed a report proposing the new target for wind power. This target was also accredited by 

the government. 

2.4 Bio energy  

The main materials for producing biogas nowadays are sewage, waste and sludge. 

Sometimes the waste is also being mixed with plant materials. The demand for such 

products increased in the recent years and as a response to this increase Sweden started 

to import raw materials as straw and waste that are needed for the production process. In 

2008 the operating biogas plants in Sweden account to 227 with total output 1.2 TWh 

for 2008 and 1.27 TWh for 2009. In the first stage of the production process the raw 

materials are turned into crude gas. The quality of this gas still needs to be upgraded so 

the final product can be used as equal to any motor fuel. At present there exist approxi-

mately 30 plants for crude gas upgrade in Sweden and the upgraded gas is being sold 

together with natural gas. In southern Sweden the natural gas network also offers the 

ordering option of pure biogas. This biogas is carefully metered and the amount of con-

sumption and delivery are explicitly reported to the responsible individuals or institu-

tions. The recent distribution of biogas within the country was not a duty no of the pro-

ducers themselves but of other parties. The two main ways of transportation and distri-

bution of upgraded biogas are the road tankers. Typically the biogas pumps at the gas 

stations are owned by the distributors or the producers themselves. Even though the 

number of outlets for gas83 nowadays in Sweden is 107 the density of these 107 public 

outlets is different among the regions. Most of these types of stations are in the southern 

part of Sweden and in the bigger urban centers. 
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2.5 Energy prices and the Carbon tax  

 

 
Figure 1- Energy prices relationship 

 
 

The prices and the Carbon tax in Sweden regarding the industry sector are assumed to 

be inefficient by several studies including Harrison, G,W & Kriström, B (1997) and 

Broberg et al, (2008), Hill. M (2001).  

 

First to be discussed comes the exemptions from the Carbon tax in Sweden. Such ex-

emptions do not lower the carbon emissions on the global scale. The reasoning behind 

such statement is that due to policies promoting certain types of energy sources and try-

ing to decrease the exploitation of other types creates the situation where Sweden im-

ports such energy from other countries and promotes again the production only outside 

its territory. The option for removing these exemptions is not a good strategy either 

since it will both worsen the welfare in Sweden or it will not improve the global situa-

tion. 

 

Regarding the increases in the taxation this is not a winning strategy either. The increase 

in the carbon tax for some sectors or industries would only cause altering the production 

process. The reason is that it is relatively easy to substitute your production or consump-

tion choice. Taxing one sector would only cause another sector to grow bigger. Some 

sectors will increase the carbon emissions the higher the carbon tax is and with other 

sectors the situation will be the opposite.  

 

The increase in energy taxes would also lead to increase in the government tax collec-

tion. This could be the effect only in the short-run though. The explanation is that as al-

ready discussed, the increase in the carbon tax would create incentives for substitution. 
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The demand would move to industries and sectors paying lower carbon taxes and cause 

the aggregate tax collection to drop. In certain situations this can leave the government 

worse off. Usually such problem is minor but when comparing the net revenues from 

the energy taxes and the carbon taxes, the net revenue from the carbon taxes turns out to 

be much larger compared to the net revenue from the energy taxes.  

 

A decline in energy intensive productions has been observed after the introduction of 

the carbon tax. Such decline makes the constraints imposed on the nuclear power pro-

duction to further lower the carbon emissions after the effect of increased carbon taxes 

(Harrison and Kriström 1997).  

 

Also stated by other researchers is that increase in the taxes is preferred to limitation of 

the supply. This means that reduction in the CO2 levels is preferred domestically in-

stead of globally. The reasoning behind such actions might be the fact that producing 

energy from fossil fuels not only increases the CO2 emissions but also increases other 

harmful for the locals emissions. Another explanation might be the pressure from the in-

ternational community over the reputation of the country. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
7 

3 Theoretical framework 

This section reviews the Energy Augmented Solow Growth model and some theories 

that demonstrate how the increased scale of production can be one of the main contribu-

tors to economic growth. However, other factors, such as institutional policies and im-

provement in technology, should not be ignored. Therefore the analysis of the economic 

models is expanded to include these factors and especially energy as a part of the pro-

duction process and new technology. Taking into consideration the limitations of the 

theories of growth and the little attention they pay to the role of energy and other natural 

resources in the production process some alternative points of view are also included 

and discussed.  

Reviewing these models is relevant to the empirical analysis below as they present an 

insight of how economic productivity can be affected by energy and as such should be 

taken into consideration when making important economic decisions. The second part 

of this section presents a literature review that examines the relationship among energy 

and the economic performance in different countries. The literature review gives an in-

sight on the previous work addressing the same topic as in this paper. 

 

3.1 Economies of Production: Energy as a Factor of Produc-
tion 

Inputs in economics are considered as the primary factors of production. The total 

amount of inputs determines the final amount of output. Capital, labor and land are usu-

ally recognized as the primary factors of production. Energy then is counted as an in-

termediate factor of production that is created in the process of production and then used 

throughout the whole period of production. Most economic models of growth and pro-

duction focus on the primary factors of production. This is mainly why they pay so little 

attention to the role of energy in the production process. Nevertheless, the importance of 

energy should not be ignored. 

Worth to mention is that there are a finite number of inputs. While some of the inputs 

can be reproduced there are non-reproducible inputs as well. Figure 1 show a point 

along the production possibilities frontier where the economy is most efficient in its 

production. This means the economy is allocating its resources in the best way possible. 

However, as mentioned earlier, the number of inputs is finite and some of them cannot 

be reproduced or even if they are reproducible it comes at a cost. According to the se-

cond law of thermodynamics or the efficiency law, a minimum amount of energy is re-

quired to carry out the transformation of matter. It follows that energy is a necessary 

part of the production process and the substitution of energy with other factors of pro-

duction must be limited.  

According to the normative theory of value the main determinant of the prices is the en-

ergy cost (Hannon, 1937). This means that the prices are actually correlated with energy 

cost or that is also known as the positive energy theory of value (Common, 1995). And 

according to the energy theory of costs by Costanza the energy costs determines the 

other costs. Within these theories the prices and the costs are not equivalent and the au-

thors do not give any reason for the relation between the prices and these costs (Stern, 

2003).  
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3.2 Basic Models of Growth 

The economic models of growth observe the evolution of a theoretical economy 

throughout time as the quantities or qualities of the inputs in the production function 

change.  
 

Some of the basic growth models are the Solow growth model (1956), the Endogenous 

growth model and the neoclassical growth model, but they do not account for the energy 

as an important factor of production and growth. 

The Solow growth model has some additions so that the extended versions of the model 

can account for environmental sustainability by including renewable and nonrewable 

resources. Dicussion of the extended versions of the Solow model are presented below. 

 

Source: D.I. Stern and A.Kander (2010), “Role of Energy in the Industrial Revolution and Modern 

Economic Growth”. 

 

Figure 2 illustrates a growth model that contains energy as a constraint on growth. The 

figure shows observed and simulated GDP lines (the black line representing the simu-

lated and colored line representing observed GDP) for Sweden from an analysis pre-

formed by Stern and Kander. What the figure portrays is that the simulated GDP is 

more stable than the observed GDP although the technical change has been constant for 

long period of time. Stern and Kander explain this volatility of the GDP as a conse-

quence of the energy consumption and also labor supply. The observed GDP was less 

volatile before year 1875 since during that time it was the traditional fuels that still 

played essential role. The simulated GDP becomes less and less volatile when going 

back in time but the reverse is true for the observed GDP As time passed and the econ-

omy developed the GDP became more volatile.  

 

The model can be explained through the two simplified equations below.  
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The first equation describes the production function that is subjected to constant elas-

ticity of supply (CES). The production function of the model is a version of the Cobb-

Douglas function of capital (K) and labor (L) in a function of the capital to labor aggre-

gate and energy (E) as determinants of gross output Y. The equation is important since 

gross output and energy as its determinant are variables that are later on examined in the 

empirical testing of this paper. In the equation σ stands as elasticity of substitution 

among the capital to labor aggregate and energy. The augmentation indices of labor and 

energy are labeled by AL and AE respectively and the share parameters   
   

and   
   

 

sum to unity σ.  The model is based on the assumption that labor and energy are deter-

mined exogenously.  

 

The second equation represents the motion for capital. Similarly to Solow’s growth 

model (1956), the model assumes that the proportion of gross output that is saved is 

fixed at s and the elasticity of substitution that capital depreciates at a constant rate σ. 

These assumptions can be relaxed in a more complete model of growth (Stern and Kan-

der 2011). 

The growth models including natural resources make the distinction between renewable 

and non-renewable resources. In these models the capital formation and the natural re-

sources can take many alternative ways leading to economic growth. In the neoclassical 

formulations the sustainability is defined by the technology (incl. renewable or non-

renewable resources) involved in the production process and by the institutional state 

(the market structure and the property rights). 

The model described by Solow (1974) involves non-renewable resources and has a fi-

nite characteristics leading to economic collapse in state of competition (Stiglitz, 1974). 

Similar outcome is showed by Dasgupa and Heal (1979) at any discount rate of the op-

timal growth path (Stern, 2003).  

 

 

3.3 Literature review  

 

 

There is much recent empirical work such as L. Schipper and M. Hoogwijk [1974], A. 

Lichtenberg [1976], L. Bohlin [2009], V. Constantini and C. Martini [2009] addressing 

the causal relationships among the economic performance in a country and the total en-

ergy consumed. Many analysts (e.g. Kraft and Kraft, 1978; Akarca and Long, 1980; Yu 

and Hwang, 1984; Abosedra and Baghestani, 1991) used Granger (1969) causality tests 

or the related test developed by Sims (1972) to test whether energy use causes economic 
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growth or whether energy use is determined by the level of output in the context of a bi-

variate vector autoregression. Where significant results were obtained they indicate that 

causality runs from output to energy use (D.I.Stern, 2003).  

 

This section reviews the results received in some articles and empirical works address-

ing the question of causality between energy consumption and the level of economic ac-

tivity. The method of testing the relationship of the above mentioned variables is also 

examined. 

 

 
Table 1: Overview of selected studies 

Study Method Countries Result 

 

Kraft and Kraft (1978) Bivar. Sims Causality USA Growth → Energy 

Yu and Choi (1985) Bivar. Granger test South Korea Growth →Energy 

 

  Philippines Engery → Growth 

 

Erol and Yu (1987) Bivar. Granger test USA Energy   Growth 

 

Yu and Jin (1992) Bivar. Granger test USA Energy    Growth 

 

Masih and Masih (1996) Trivar. VECM Malaysia, Singapore  

  & Philippines Energy    Growth 

 

  India 

 

Energy → Growth 

  Indonesia 

 

Growth → Energy 

  Pakistan Energy ↔ Growth 

Glasure and Lee (1998) 

 

Bivar. VECM South Korea  

  & Singapore Energy ↔ Growth 

Masih and Masih (1998) 

 

Trivar. VECM Sri Lanka & Thailand Energy → Growth 

Asafu-Adjaye (2000) 

 

Trivar. VECM India & Indonesia Energy →Growth 

  Thailand&Philippines Energy ↔ Growth 

Hondroyiannis et al. 

(2002) 

 

Trivar. VECM Greece Energy ↔ Growth 

Soytas and Sari (2003) 

 

Bivar. VECM Argentina Energy ↔ Growth 

  Indonesia & Poland Energy ↔ Growth 

  South Korea Growth →Energy 

  Turkey Energy → Growth 

  Canada, USA & UK Energy ↔ Growth 

Fatai et al. (2004) 

 

Bivar. Toda and   

Yamamoto (1995)  Indonesia & India Energy →Growth 

  Thailand&Philippines Energy ↔ Growth 

Oh and Lee (2004b) Trivar. VECM South Korea Energy ↔ Growth 
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Wolde-Rufael (2004) 

 

Bivar. Toda and   

Yamamoto (1995) 

 

 Shanghai Energy → Growth 

Lee (2005) 

 

Trivar. Panel VECM 18 developing nations Energy → Growth 

Al-Iriani (2006) Bivar. Panel VECM Gulf Cooperation C. Growth → Energy 

Lee and Chang (2008 ) Mulitv. Panel VECM 16 Asian countries Energy → Growth 

Lee et al. (2008) 

 

Trivar. Panel VECM 22 OECD countries Energy ↔ Growth 

Narayan and Smyth 

(2008) 

 

Multiv. Panel VECM G7 countries Energy → Growth 

Apergis and Payne 

(2009a) 

Multiv. Panel VECM 11 countries of the 

Commonwealth of 

Independent States 

Energy ↔ Growth 

 

Apergis and Payne 

(2009b) 

Multiv. Panel VECM 6 Central American 

Countries 

Energy → Growth 

 

Lee and Lee (2010) Multiv. Panel VECM 25 OECD countries Energy ↔ Growth 

 

Hatemi-J and Irandoust 

(2005) 

Trivar. Granger Sweden Growth → Energy 

 
Source: A. Belke, C. Dreger, and F. Haan (2010) Energy Consumption and Economic Growth –New In-

sights into the Cointegration Relationship 
 

 

Most of the articles are examining the question from a country level perspective or as in 

the case of V. Constantini and C. Martini [2009] many countries are included in the 

analysis. The energy-production relationship is either examined from production side 

perspective applying models that include capital stock and labor as additions to the out-

put produced and the energy consumption or the energy demand perspective that re-

quires energy prices. The studies by Masih and Masih (1998), Asafu-Adjaye (2000), Fa-

tai et al. (2004) as well as Mahadevan and Asafu-Adjaye (2007) take the consumer price 

index (CPI) as a proxy of the energy price (A.Belke, C.Dreger, F.D.Haan, 2010). Lee 

and Lee (2010) and Costantini and Martini (2010) on the other hand used real energy 

price index. 

 

The VECM was previously used by Masih and Masih (1998) and Asafu-Adjaye (2000). 

According to A.Belke, C.Dreger and F.D.Haan (2010) it was the third generation stud-

ies that used multivariate estimators in the style of Johansen (1991). Constantini and 

Martini (2010) and Lee and Lee (2010) used panel VECM. 

 

Table 1 above illustrates the relationships between energy and growth for selected coun-

tries. In most of the cases it is the energy consumed that is influenced by the growth of 

the economy. As the economies expand more energy is consumed. However, cases 

where the causality is the other way around are also present. In the case of South Korea, 

Pakistan, Thailand and the Philippines, UK, USA and Canada and Argentina a bivariate 

relationship between energy and growth was found. 
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The difference of the results in some of the empirical works can be explained as arising 

from the use of different time periods in the analysis, the countries specific heterogenei-

ty in economic development, natural resource abundance and energy consumption ar-

rangements among other things. For example, in their article Constantini and Martini 

got different results when VECM was specified for each single end-use sector from 

when the analysis was done for all sectors computed. In their case the industrial sector 

was found to be the most coherent when causality tests were computed on the different 

sub-samples. The short-run causality for the whole economy, on the other hand, seems 

to be quite divergent. 

 

Constantini and Martini found that there is a strong causal relationship between energy 

consumption and growth in the industry sector of the NO-OECD countries where ener-

gy consumption is intensely influenced by the industrial sector demand as found from 

the analysis for Sweden performed in this paper. Conversely, for the OECD countries 

the causality goes in the opposite direction. They explain this as a consequence of the 

energy-saving measures that most OECD countries have adopted after the oil crisis. 

 

Same results for the case of Sweden are presented by H. J. Abdulnasser and I. Manu-

chehr in their article Energy Consumption and Economic Growth in Sweden: A leveraged 

Bootstrap Approach (1965-2000). They examined the causal interaction between energy 

consumption, real activity and the prices in the Swedish economy for the time period 

from 1965 to 2000. The Granger causality tests they performed gave estimation results 

revealing that energy consumption does not cause economic activity but rather it is 

caused by economic activity. In order to minimize the information criterion they set the 

lag order to three as in this way most efficient results were received.  

 

This paper addresses the same question as in the above mentioned articles. The relation-

ship among the total output, final energy consumption and energy prices is examined 

for the case of Sweden as done by H. J. Abdulnasser and I. Manuchehr (2005). Howev-

er, this paper examines the time period from 1983 to 2009 and the analysis is performed 

on the industry and service end use sectors instead of the whole economy.  The industry 

sector was chosen as the most energy intensive sector and the service sector as the least 

energy intensive sector. Also, the VECM analysis performed on end use sectors gives 

more specific results.  

After taking into consideration the above reviewed literature it was predictable that en-

ergy consumption would be demand driven in the case of Sweden. Total output was the 

variable expected to influence the energy consumption. When it comes to energy prices 

it is only logical to assume that they will be influenced by both level of economic activi-

ty and energy consumption when there is a demand driven consumption of energy.  

There was some uncertainty about what results will be received for the service sector 

though. This is because the service sector is one of the least energy intensive sectors and 

the results were expected to differ from the ones received from the industry sector. The 

empirical testing and results are examined in the following sections 
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4 Empirical Testing 

 
This section examines the relationship between energy use and total output in Sweden 

by using time series analysis, or more precisely the Vector Error Correction Model 

(VECM). The data used in the empirical testing was collected from Statistics Sweden 

and  EcoWin databases. The VECM analysis was performed on two end use sectors, 

industry and services and the whole energy sector in Sweden including energy prices. 

The sample period has been chosen from 1983-2009, such that the oil crisis of the 

1979/80 is not included. 

 

Before performing the econometric analysis there are a few aspects that require some 

attention. Like the stationarity of the data. The order of integration in the data’s time 

series has to be tested.  Since the VECM time series analysis requires the data to be 

stationary a Dickey-Fuller unit root test (1979) was performed to transform the data 

from non-stationary to stationary. 

 

In order to see if there is a long term relationship between the non-stationary data, 

Johansson’s cointegration test was employed. A VECM test can be performed only after 

the cointegration analysis, if it shows that there is a long run relationship between the 

variables. This is because when cointegration is found, the problems arrising from 

differencing can be avoided. That is the loss of information on any long-run association 

among the variables in question is ignored when cointegration is found. Last but not 

least, a dynamic panel causality or Wald`s tests is carried out to detemine both the long-

run and the short-run direction of causality between the data. 

 

4.1 Augmented Dickey-Fuller (ADF) Tests  

 

As mentioned above, VECM requires stationary data. One of the reasons a stationary 

data is essential is because a stationary data has a mean, variance and autocorrelation 

that are constant over time and that increases the statistical power of the series (Gujarati 

2004).  

So for the purposes of this paper the first step to finding cointegration is performing the 

Augmented Dickey-Fuller test. The main difference between the Dickey-Fuller (DF) 

test and ADF is that ADF is used for time series analysis where the samples are bigger 

and the calculations are more complicated. DF assumes that the error term ut is uncorre-

lated. ADF uses augmented DF equations by adding lagged values of the dependent var-

iable. 

 

The traditional Augmented Dickey-Fuller test (ADF) (Dickey-Fuller, 1979) of unit root 

is characterized by having low power in rejecting the null hypothesis of no stationarity 

of the series (Constantini, Martini, 2009). Thus ADF was used to remove the trend from 

the non- stationary data and transform it into stationary. What actually happens during 

the test is that the series are integrated of orders one and at first difference the data is 

stationary. When the series become stationary without differencing then those series are 

cointegrated. The hypothesis of the ADF test is as following: 
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H0:σ=0 

H1:σ≠0 

 

 

 

The ADF included in this paper is estimated as follows: 

 

∆Yt = β1 + β2t + σ Yt−1+∑        
 
    + ut                                                                       (1) 

 

 

where ut is a pure white noise error term. 

 

When t*>ADF critical value then the null hypothesis is accepted. This means that a unit 

root exists and that the data is non-stationary. On the other hand, when t*<ADF critical 

value, then we reject H0 which implies that unit root does not exist and the data is sta-

tionary. 

Table 1 shows the ADF for the weighted energy prices series. At all 1%, 5% and 10% 

the t-static is smaller than the ADF critical value. This implies rejection of the null hy-

pothesis and the data was successfully transformed into stationary. 

 

Same analysis was done for the weighted energy use (see Table 2) and for the total out-

put (see Table 3) of the industry sector in Sweden.  In all cases the null hypothesis that 

the data has a unit root was rejected.  

 

4.2 Cointegration analysis 

 

After running the ADF test and finding the necessary conditions for stationarity or non-

stationarity, the Johansen (1995) test is performed to check if there is any long-run rela-

tionship between the variables.  

 

As a base the Johansen`s test takes the vector autoregression model (VAR) with order p 

 

∆y t = β + A 1y t −1 +…+ A p y t -p + u t                                                                                                              (2) 

 

 

where yt stands for nx1 vector of variables that are integrals of first order (I) and ε t de-

notes an nx1 vector of innovations. 

 

The equation stated above can be rewritten as: 

 

∆Yt = β1 + Π Yt−1+∑        
   
    + ut                                                                                                                 (3) 

 

Where  

 

Π = ∑   
 
   -I and     ∑   

 
                                                                                  (4) 
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In equation (4) Π stands for the coefficient matrix. If its rank is reduced to r<n, then 

there is nxr matrices α and β. Each one of them has rank r such that Π = αβ′ and t β′y is 

stationary. In the above expression r is the number of cointegrating relationships and α 

is known as the adjustment parameters in the vector error correction model. Each col-

umn of β represents a cointegrating vector. When r is given, the maximum likelihood 

estimator β ascertains the combination of y t-1 that gives the r largest canonical correla-

tions of the change in yt with y t-1. When lagged differences and deterministic variables 

are present correction needs to be done. Johansen procedure offers two different likeli-

hood ratio tests of the significance of the above mentioned canonical correlations and 

thus the reduced rank of the Π matrix. These two likelihood tests are shown in equa-

tions (5) and (6) respectively. 

 

          ∑    (   ̂ )

 

     

 

 

            (      ̂     ) 
                                                                                                                                (5) (6) 

 

 

In the formulas presented above T is the sample size and  ̂  is used as the i
th

 largest ca-

nonical correlation.  The hypothesis of :  

 

H0: r cointegrating vectors 

H1: n cointegrating vectors 

 

are tested by the trace test. The maximum eigenvalue test is also performed within the 

Johansen test. In that test 

 

H0: r cointegrating vectors 

H1: r+1 cointegrating vectors 

 

Chi square distribution is not followed by either of the two methods stated above. The 

asymptotic critical values are included by the majority of the standard statistical pack-

ages. All the critical values and maximum eigenvalues are based on pure unit-root as-

sumptions. This is the reason why these values would no longer be correct anymore if 

the variables put in the equations are near-unit-root processes (Hjalmarsson and Öster-

holm 2007). 

 

Johansen’s procedure lacks efficiency when testing time series analysis. It has good per-

formance when conducting tests on individual cointegration but for the time series data 

it is a problem that the test assumes vectors to be homogenous among all the members 

(Konstantini, Martini 2009).  

 

This paper is based on time series analysis so in order to have certainty in the results a 

Vector error correction model (VECM) has been performed. 
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VECM is used by macroeconomists for recognizing long-run relationships among the 

tested variables. This type of model is a reduced version of the traditional VAR time se-

ries analysis. It uses stationary data. 

 

The main formula for VECM is  

            ∑   
         

   
            (7) 

or  

 

  ( )(   )                                                      (8) 

 

This relation was first presented by (Engle and Granger 1987) and considers the vector 

autoregressive process with Gaussian error.  

The α and β’ are in the following relation:  

       ( )                                            (9) 

The form of the VECM model equation captures the relation        where the under-

lying economic relations are defined and it in situation of disequilibrium        error 

the system will move back to its equilibrium state through the adjustment coefficient α.  

The β cointegrating vector is regarded sometimes as the long-run parameters.  

VEC model was chosen for the analysis in this paper since the data on energy use, total 

output and energy prices is a non-stationary cointegrated time series and while the VAR 

model can only describe a short- run relationship VECM allows for both long- run and 

short run relationships to be analyzed. This is because VECM offers first differencing 

that removes long-run information (SAS Institute 2000). 

4.3 Wald Tests 

The Wald test is a part of the VECM and is performed to test the null hypothesis of no 

cointegration when as an alternative there is only one cointegrating relation. What the 

Wald test actually does is testing the significance of particular variables in statistical 

models (H.  Kyngäs, M. Rissanen 2001).  
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5 Analysis  

 

In the previous section the empirical analysis for the causal interaction between energy 

consumption, economic activity and energy prices was explained step by step. This sec-

tion describes the results from the analysis. The appendix of the paper contains all the 

tables with the econometric analyses performed on the relationship between energy use 

and total output in Sweden for the industry and service sectors. The interpretation of the 

results is presented below. 

 

5.1 Industry Sector 

 

First of all the industry sector was chosen as the sector that is the most energy intensive. 

In the case of Constantini and Martini (2009) the industry sector was the one that was 

the most consistent when causality tests were performed. That is so since the most ener-

gy intensive sector demonstrates best the relationship between the three variables of in-

terest. 

 

The data for the industry sector was collected from EcoWin, Statistics Sweden and the 

Sweden Energy Agency. The sample of variables was chosen for years 1983 to 2009. 

All of the data was indexed with year 2005 as the base year. Also, since the data for the 

energy prices and energy consumption was by energy type it needed to be weighted.  

 

As already mentioned in the previous sector the data had to be stationary. The ADF 

tests show the estimation results for the unit root tests (See Tables 1, 2 and 3 in the ap-

pendix). The results from the tables demonstrate that all variables are integrated of order 

one, I(1).  

 

Having settled that all the variables to be used in the estimation are of I(1), Johansson 

Cointegration procedure was performed to test for a long- run relationship among the 

variables. Johansson cointegration procedure uses a system approach that allows deter-

mination of up to r linearly independent cointegrating vectors(r ≤ g-1, where g is the 

number of variables tested for cointegration) (Constantini, Martini, 2009).  This test is 

necessary because VEC model can be used only when variables are found to be cointe-

grated. 

 

Johansson test offers two solutions: Trace statistic and Max-Eigen statistic. According 

to the trace statistic output in Table 4 the null hypothesis of no cointegration is rejected 

since the p-value had a very small value at 5% significance level. Thus, there is a long-

run relationship between the economic and energy variables. The figure below illus-

trates this relationship graphically and serves as a descriptive statistic of the variables. 
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Figure 3- Total output, energy consumption and energy prices relationship 

 
 

 

The table shows how energy consumption, energy prices and total output of the industry 

sector start following the same trends especially after year 2000. This relationship be-

comes even stronger in the years to follow. 

 

Then the VECM was chosen as it allows for both the short-run and long-run relation-

ships to be considered whereas the VAR and ARDL models may only suggest a short-

run relationship between variables, due to first differencing operators that remove the 

long-run information (Constantini, Martini, 2009). The lag was set to three since this lag 

order gave the best results. It is interesting to mention that H. J. Abdulnasser and I. Ma-

nuchehr (2005) got the same results with a lag order of three. 

 

Moreover, relationship among energy prices and energy consumption was found. The 

VECM table in the appendix illustrates univariate relationship now between energy 

prices and energy consumption. As expected before the analysis was performed, the re-

sults show that energy prices are influenced by energy and also by total output. This is 

logical since the energy consumption is demand driven.  

 

After estimating the VECM for the industry sector a series of Wald tests were per-

formed to  check the significance of the coefficients and the sources of causation of eve-

ry variable and the jointly significance. Table 2 below shows the Wald tests that only 

proved the results received from the VECM. 

 

The results from the Wald test analysis for the Industry sector in Sweden presented be-

low show univariate relationship between energy use and total output. More precisely 

the results demonstrate that the energy consumption depends on the output and not the 

other way around. We can see that in cell 1 where the dependent variable is weighted 

energy consumption in the Industry sector (WENINDUS) and the independent variable 

is total output (TOTALOUT). For this cell H0 is rejected meaning that there is cointe-

gration found. And in cell 5 where we are looking for cointegration of the same varia-

bles but then WENINDUS is independent H0 is accepted and there is no cointegration 

found. This implies that energy consumption in the Industry sector is demand driven.  

 

 

20

40

60

80

100

120

140

160

84 86 88 90 92 94 96 98 00 02 04 06 08

TOTALOUT WEIGHTED WENINDUS



 

 
20 

 

 

 

 

 

Table 2- Wald Tests for the industry sector 

 
 

D(WENINDUS) Cell1 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 22.64900 3 0.0000 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(TOTALOUT 
(-1)) 
C*D(TOTALOUT 
(-2)) 
C*D(TOTALOUT 
(-3)) 

0.956600 
1.880750 
0.370893 

0.376981 
0.415758 
0.438571 

 

D(WENINDUS) Cell 2 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 32.34987 3 0.0000 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value 
Std. 
Err. 

Restrictions 
are linear 
in coefficients. 

C*D(WEIGHTED 
(-1))  
C*D(WEIGHTED 
(-2)) 
C*D(WEIGHTED 
(-3)) 

-2.517339 
-1.690656 
-0.705047 

0.4435
51 
0.4956
57 
0.4509
57 

 

D(WEIGHTED) Cell 3 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 17.56554 3 0.0005 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 
Re-
strictions 
are linear 
in coeffi-
cients. 

C*D(TOTALOUT 
(-1))  
C*D(TOTALOUT 
(-2)) 
C*D(TOTALOUT 
(-3)) 

1.201397 
0.500282 
0.928862 

0.299537 
0.330347 
0.348474 

 

D(WEIGHTED) Cell 4 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 15.78821 3 0.0013 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(WENINDUS 
(-1))  
C*D(WENINDUS 
(-2)) 
C*D(WENINDUS 
(-3)) 

-0.598564 
-0.497060 
-1.028288 

0.230572 
0.232633 
0.262305 

 

D(TOTALOUT) Cell 5 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 6.557771 3 0.0874 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(WEIGHTED 
 (-1))  
C*D(WEIGHTED  
(-2)) 
C*D(WEIGHTED  
(-3)) 

- 
1.326873 
- 
1.108139 
- 
0.696028 

0.528888 
0.591019 
0.537719 

 

D(TOTALOUT) Cell 6 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 5.245592 3 0.1547 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(WENINDUS 
(-1)) 
C*D(WENINDUS 
(-2)) 
C*D(WENINDUS 
(-3)) 

-0.165646 
-0.533984 
-0.799039 

0.346016 
0.349110 
0.393637 

 

Then when looking at the prices and how they are related to the total output and the en-

ergy consumption, the results from cells 2 and 4 show that prices and energy consump-

tion have bivariate cointegration and cells 3 and 5 show that total output influences the 

prices of energy but not the other way around.  

5.2 Service Sector 

 

Analysis of the same kind was performed for the Swedish service sector and similar re-

sults were received. Again, the data was collected from the databases EcoWin, Statistics 

Sweden and Swedish Energy Agency. The data was indexed with respect to year 2005 

and was weighted. 

 

Then ADF tests were performed to transform the data into stationary by integrating the 

variables of I(1). Followed by the ADF tests Johanssen analysis again showed cointe-
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gration among the variables (See Table 21 in the appendix). The null hypothesis of no 

cointegration was rejected at 5% significance level implying a long-run relationship 

among the economic and energy variables in the service sector. 

 

Figure 4- Relationship between total output, energy prices and energy consumption in 

the service sector 

 

 

 

Extra attention was paid in choosing the optimal lag order in the VECM. This is im-

portant for capturing the proper dynamics of the model. In the case of the service sector 

as in the industry sector a lag of 3 gave the best results. 

 

The VECM analysis gave the desired results. After running the Wald test there was a 

bivariate causality found between energy consumption and total output. This result can 

be seen from cells 1 and 6 implying that they both influence each other. Same results 

were received by Lee and Lee (2010) for 25 OECD countries by performing multivari-

ate panel VECM. 

 

Regarding the energy prices, the performed regression model did not find any cointegra-

tion among energy prices and the service sector energy consumption or total output. 

This can be seen from the results in cells 2,3,4 and 5. The Wald tests performed con-

firmed this relationship with low probabilities at 5% significance level (See Tables 23-

28 in the appendix). 

 

The no cointegration of prices with energy consumption and total output in the service 

sector can be explained by the service sector being one of the least energy intensive sec-

tors. This implies that a change in the energy prices will not affect as much the energy 

consumption or the total production of the service sector.  
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Table 3- Wald Tests for the service sector 

 

 

D(SERV_OUT) Cell 1 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 26.96829 3 0.0000 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(WEIGHENS 
(-1)) 
C*D(WEIGHENS 
 (-2)) 
C*D(WEIGHENS 
(-3)) 

-
2.426447 
-
0.115641 
0.481027 

0.579814 
0.997723 
0.836327 

 

D(SERV_OUT) Cell 2 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 0.842035 3 0.8394 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coefficients. 

C*D(WEIGHPS 
(-1)) 
C*D( WEIGHPS 
(-2)) 
C*D( WEIGHPS 
(-3)) 

0.077310 
0.128601 
-
0.314061 

0.623407 
0.580028 
0.520426 

 

D(WEIGHPS) Cell 3 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 7.408708 3 0.0600 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(WEIGHENS 
(-1)) 
C*D(WEIGHENS 
(-2)) 
C*D(WEIGHENS 
(-3)) 

0.100202 
1.135063 
-
0.264454 

0.337943 
0.581521 
0.487452 

 

D(WEIGHPS) Cell 4 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 7.043817 3 0.0705 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(SERV_OUT 
(-1)) 
C*D(SERV_OUT 
(-2)) 
C*D(SERV_OUT 
(-3)) 

0.281866 
-
0.556378 
0.332384 

0.163558 
0.223022 
0.189458 

 

D(WEIGHENS) Cell 5 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 5.778439 3 0.1229 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(WEIGHPS 
(-1)) 
C*D(WEIGHPS 
(-2)) 
C*D(WEIGHPS 
(-3)) 

0.757351 
0.644688 
0.187261 

0.358233 
0.333305 
0.299056 

 

D(WEIGHENS) Cell 6 Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 8.899572 3 0.0307 
Null Hypothesis Summary: 

Normalized Re-
striction (= 0) 

Value Std. Err. 

Restrictions 
are linear 
in coeffi-
cients. 

C*D(SERV_OUT 
(-1)) 
C*D(SERV_OUT 
(-2)) 
C*D(SERV_OUT 
(-3)) 

0.271326 
-
0.040096 
0.394897 

0.161254 
0.219880 
0.186789 

 

5.3 Overview of the results 

 

In the previous sections it was already stated that there is a clear strong relationship be-

tween total output and the energy consumed with a direction of causality from economic 

activity to energy in the industry sector and a bivariate relationship in the service sector. 

This section elaborates what these relationships mean and what are its implications for 

the economy.  

 

Generally speaking, improvements in economic efficiency, resulting from productivity 

increases by promoting endogenous growth mechanisms would enhance economic 

growth and consequently favorably affect energy consumption(HATEMI-J, Abdulnasser, 

IRANDOUST, Manuchehr, 2005) . In the scenario of unidirectional causality with a di-

rection from output to energy, policies for energy conservation can contribute to rise in 

production and employment. Conversely, when the unidirectional causality is running 

the other way around a reduction in energy consumption can reduce the economic activ-

ity or cause a fall in employment. A bivariate causality means that both energy con-

sumption and output have influences on each other.  In this case increased level of ener-

gy consumption will result in higher level of economic growth and the other way 
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around. Then there is this so called “neutrality hypothesis” where causality of no type is 

found and neither energy nor production affects each other. 

 

The results presented in this paper on the case of Sweden show negative univariate cau-

sality from income to energy consumption. This implies that energy conservation poli-

cies will not have a severe consequence on economic growth because energy consump-

tion is driven by production demand. Moreover, policies for energy conservation need 

to be carefully constructed in order to avoid negative effects on the total output pro-

duced. They should be designed in a way that reduces both energy consumption and 

consumer demand so as to sustain the economic growth. Preferable solution in this case 

would be implementation of a combination of taxes and subsidies. The carbon tax poli-

cy of Sweden and energy prices is discussed in the next section. 

 

It is important to note that having a causality that goes from output to energy enables 

Sweden to implement environment protection, energy conservation and energy efficien-

cy policies without the growth of the economy being negatively affected. The abun-

dance of natural resources makes it even easier to promote the use of renewable energy 

resources and adopt technology that reduces pollution.  The environmental implications 

and policies are discussed in more detail in section seven. 

 

The results from this paper are in line with the studies discussed earlier in this paper. 

These studies are for the period 1965 to 2000 and it is important that they set their lag 

order to 3. The empirical methods employed differ but Granger causality and VECM are 

dominant. 

 

5.4 Economic and environmental implications 

 

The initial focus of the energy policies in Sweden over sustainability and safe energy 

were replaced with focus on the climate changes mitigation at the beginning of 2000. 

An energy investment program for support was introduced together with green certifi-

cates and energy trading system within the EU countries. The nuclear phasing out was 

already left out as secondary concern.  

 

Sweden reduced the CO2 with 6% in the period from 1990 until 2002 and most of the 

fossil fuels were excluded from the energy system (Naturvårdsverket and Energimyn-

digheten, 2004). The carbon tax was introduced together with the European emission 

trading system 

(M. Nilsson, K. Eckerberg & Å. Persson 2007) 

 

A research, conducted by S. Bruhn-Tysk and M. Eklund regarding the Environmental 

impact assessment (EIA) and conducted in 2001, states that EIA promoted only sustain-

able development on a local level in the period 1981- 2001. In addition to that the au-

thors state that instead of dealing with environmental and development issues the pro-

jects promoted by EIA regarding the biofuel energy plants in Sweden were mostly con-

cerned only about the environmental aspects. They conclude that the practices of the 

Swedish EIA do not function for national and social development.  

 



 

 
24 

Regarding the more recent development of the Swedish energy policies and their envi-

ronmental and economic aspects, the Swedish Energy Agency reports that in 2010 the 

environmental problems are still present. One such problem is the conflict between the 

Hydro power plants and the natural habitats of the rivers.  

 

Hydro energy 

The production of hydro energy does not pollute the air but it affects the upstream move 

of the fish. As one of the main sources of electricity it is very crucial for Sweden to 

choose the right solution for solving this problem. Such process would also require 

evaluating all the costs and benefits. It can be noted that solving such problem is diffi-

cult since the migration of fish is only a local problem and on the other hand the pollu-

tion is a global problem. This might create difficulties prioritizing. 

 

At present there are several research projects running including “Hydro Power and the 

Environment”. This project`s aim is to ensure that hydro energy production has least 

impact on the environment. Finding balance between the clean energy aspect and the 

preserving the natural water habitats requires series of projects to be performed but if 

done so it is expected to be resolved until 2020. The main consultant regarding this type 

of environmental issues is the National Judicial Board for Public Lands. They are sup-

posed to cooperate with the Environmental Protection Agency and the National Board 

of Fisheries. The aim is reaching good ecological status (Energy Sweden 2010). 

 

Wind energy 

It is worth mentioning that there is increased interest in building more wind farms in the 

Swedish uplands. As noted by the report from Energy Sweden published in 2010 such 

plans need to take in consideration the sea eagles and golden eagles populations in that 

region. Building wind energy plants in the uplands might have negative effect on the 

population of these birds. Preventing such outcome and finding the equilibrium between 

reducing the environmental effect coming from the energy production requires several 

steps to be undertaken and it is expected such balance to be reached until 2020. 

 

One of the steps planned to be undertaken in the near future is the proposed by the Envi-

ronmental Agency plan from2008 all the nature reservations to receive the higher rank 

of National parks. 

 

Bio energy 
One of the main issues related with the production of bio fuels in Sweden is preserving 

the natural habitats living in the forest. The forestry practices keep improving through-

out the years.  

 

The harvesting practices led to the decrease of the nutrients in the affected soils. When 

the nutrients from biomass or harvested food used as materials were recycled that led to 

contamination when they were used. This means that recycling nutrients in such way is 

very difficult and even dangerous.  

 

On the other hand when such materials are used for energy, the biomass is being stabi-

lized relatively easy and such products are easily contaminated. The ash left after the 

burning process usually contains almost the full 100% of the nutrients except the nitro-

gen. This gives possible solution of the nutrients problem in the forestry business 
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(Lundborg 1997). In case additional nitrogen is desired then very easily the bioenergy 

can be used for the production of nitrogen fertilizers (T. Kåberger, 2004). 
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6 Conclusion 

 
The investigation of the Swedish industry and service sectors in this paper is based on data 

from the period 1983-2009. The essential model used for analyzing the data was the trivari-

ate VECM. The results from the analysis showed univariate cointegration among economic 

activity with direction of causality toward energy consumption in both service and industry 

sectors. 

 

The VECM showed univariate causality from total output towards energy consumption in 

the industry sector. For the service sector there was a bivariate cointegration among energy 

consumed and the service sector output. 

 

The analysis concerning energy prices resulted in a bivariate cointegration of the prices and 

energy consumption in the industry sector and no cointegration of output or energy con-

sumption with prices in the service sector. 

 

The results clearly indicate the demand driven characteristic of the Industrial sector in Swe-

den. As a consequence energy conservation policies will have little to no effect on the eco-

nomic growth. In order to sustain economic competitiveness not only should energy con-

sumption be reduced but also the demand for it. A combination of taxes and subsidies 

would be a perfect scenario for the present economic situation.  

 

Even though for the Service sector a bivariate relation was found, implying that both energy 

consumption and output have influences on each other, so that an increase of energy con-

sumption will result in higher level of economic growth and the other way around, the no 

causality among the prices with total output and energy consumption implies that the carbon 

tax policy would still not perform efficiently. This shows that the Service sector where all 

intangible goods are produced is not influenced by economic policies. The reason for that is 

its immobility unlike the Industry sector where the production could be outsourced to an-

other country. 

 

In Sweden the effectiveness of the carbon tax has not yet been optimized. Although, there is 

no real barrier, meaning energy consumption would not cause dramatic changes to the level 

of output, still a lot can be done.  

 

When talking about the environmental implications taken into consideration should also be 

the overall natural habitat. As mentioned earlier S. Bruhn-Tysk and M. Eklund in their 

paper of 2001 concluded that the practices of the Swedish EIA do not function for na-

tional and social development.   

 

We need to say that implementing the renewable energy sources would require more 

time and financing and will pay back only in the long run because such energy sources 

are not very effective yet. For now the energy produced from such sources is not enough 

to replace any of the presently exploited sources and especially the nuclear energy. 

There is much work to be done on the energy policies in order to reach balance. 
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Appendix  

 

 

 
 
Graph 2- Energy consumption in the industry sector 

 

 

 

 

 

 
 
Graph 3- Energy prices for the industry sector 
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Graph 4- Total output in the industry sector 

 

 

 

 

Industry Sector 

 

 

Augmented Dickey-Fuller Tests 

 

Weighted Energy Prices: 

 

 
 

Null Hypothesis: WEIGHTED has a unit root  

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic  0.860605  0.9931 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

     

    

 
Table 1- ADF test for the energy prices 
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Null Hypothesis: D(WEIGHTED) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -5.939122  0.0000 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

 

Table 2- ADF test for the energy prices 

 

Total Output Industry Sector: 

 
Null Hypothesis: TOTALOUT has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=0) 

     
        t-Statistic   Prob.* 

     
     Augmented Dickey-Fuller test statistic -1.252905  0.6354 

Test critical values: 1% level  -3.711457  

 5% level  -2.981038  

 10% level  -2.629906  

     
     *MacKinnon (1996) one-sided p-values.  

 

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(TOTALOUT)  

Method: Least Squares   

Date: 11/21/11   Time: 19:18   

Sample (adjusted): 1984 2009   

Included observations: 26 after adjustments  

     
     Variable Coefficient Std. Error t-Statistic Prob.   

     
     TOTALOUT(-1) -0.103199 0.082368 -1.252905 0.2223 

C 8.252059 5.888521 1.401381 0.1739 

     
     R-squared 0.061392     Mean dependent var 1.043297 

Adjusted R-squared 0.022283     S.D. dependent var 6.462074 

S.E. of regression 6.389671     Akaike info criterion 6.621046 

Sum squared resid 979.8695     Schwarz criterion 6.717823 

Log likelihood -84.07360     Hannan-Quinn criter. 6.648914 

F-statistic 1.569770     Durbin-Watson stat 1.420581 

Prob(F-statistic) 0.222311    

     
     
 

 

    
 

Table 3- ADF test for the total outpu 
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Null Hypothesis: D(TOTALOUT) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.346395  0.0233 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

 

 
Table 4- ADF test for the total output 

 

Weighted Energy consumption Industry Sector: 

 
 

Null Hypothesis: WENINDUS has a unit root  

Exogenous: Constant   

Lag Length: 6 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.967672  0.0554 

Test critical values: 1% level  -3.808546  

 5% level  -3.020686  

 10% level  -2.650413  
     
     *MacKinnon (1996) one-sided p-values.  

 

Table 5- ADF test for the energy consumption 

 

Null Hypothesis: D(WENINDUS) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -4.023000  0.0050 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

 
Table 6- ADF test for the energy consumption 
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Johansen Unrestricted Cointegrating Test 

 
Date: 11/22/11   Time: 17:12   

Sample (adjusted): 1986 2009   

Included observations: 24 after adjustments  

Trend assumption: Linear deterministic trend  

Series: TOTALOUT WEIGHTED WENINDUS    

Lags interval (in first differences): 1 to 2  

     

Unrestricted Cointegration Rank Test (Trace)  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.554681  30.78583  29.79707  0.0384 

At most 1  0.375140  11.37067  15.49471  0.1897 

At most 2  0.003544  0.085214  3.841466  0.7703 

     
      Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None  0.554681  19.41516  21.13162  0.0854 

At most 1  0.375140  11.28545  14.26460  0.1405 

At most 2  0.003544  0.085214  3.841466  0.7703 

     
      Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

 Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I):  

     
     TOTALOUT WEIGHTED WENINDUS   

-0.086218  0.088791 -0.064418   

 0.156921 -0.041533 -0.031720   

 0.172990 -0.142185 -0.100370   

     
          

 Unrestricted Adjustment Coefficients (alpha):   

     
     D(TOTALOUT) -0.456114  0.249199  0.326247  

D(WEIGHTED) -0.684600  2.559739  0.138836  

D(WENINDUS)  3.761682  1.354800  0.243065  

     
          

1 Cointegrating Equation(s):  Log likelihood -208.8651  

     
     Normalized cointegrating coefficients (standard error in parentheses) 

TOTALOUT WEIGHTED WENINDUS   

 1.000000 -1.029845  0.747153   

  (0.19400)  (0.26855)   

     

Adjustment coefficients (standard error in parentheses)  
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D(TOTALOUT)  0.039325    

  (0.11877)    

D(WEIGHTED)  0.059025    

  (0.10400)    

D(WENINDUS) -0.324324    

  (0.12368)    

     
          

2 Cointegrating Equation(s):  Log likelihood -203.2224  

     
     Normalized cointegrating coefficients (standard error in parentheses) 

TOTALOUT WEIGHTED WENINDUS   

 1.000000  0.000000 -0.530506   

   (0.29974)   

 0.000000  1.000000 -1.240633   

   (0.44608)   

     

Adjustment coefficients (standard error in parentheses)  

D(TOTALOUT)  0.078430 -0.050849   

  (0.24640)  (0.13490)   

D(WEIGHTED)  0.460702 -0.167101   

  (0.18308)  (0.10023)   

D(WENINDUS) -0.111728  0.277734   

  (0.24957)  (0.13664)   

     
     

 

 
Table 7-Johansen cointegration test for the industry sector 

 

VEC Model 

 

System: UNTITLED   

Estimation Method: Least Squares  

Date: 01/03/12   Time: 18:28   

Sample: 5 27    

Included observations: 23   

Total system (balanced) observations 69  
     
     
 Coefficient Std. Error t-Statistic Prob.   
     
     

C(1) 0.810434 0.224584 3.608596 0.0009 

C(2) -1.415777 0.352431 -4.017175 0.0003 

C(3) -0.777238 0.393833 -1.973523 0.0561 

C(4) -0.537662 0.358315 -1.500528 0.1422 

C(5) 1.201397 0.299537 4.010851 0.0003 

C(6) 0.500282 0.330347 1.514412 0.1387 

C(7) 0.928862 0.348474 2.665517 0.0114 

C(8) -0.598564 0.230572 -2.595997 0.0136 

C(9) -0.497060 0.232633 -2.136665 0.0395 

C(10) -1.028288 0.262305 -3.920206 0.0004 

C(11) 7.270508 2.119092 3.430955 0.0015 

C(12) 0.578108 0.337031 1.715299 0.0949 

C(13) -1.326873 0.528888 -2.508796 0.0168 
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C(14) -1.108139 0.591019 -1.874962 0.0689 

C(15) -0.696028 0.537719 -1.294410 0.2038 

C(16) 0.649833 0.449511 1.445645 0.1569 

C(17) 0.829361 0.495747 1.672952 0.1030 

C(18) 0.452262 0.522949 0.864829 0.3929 

C(19) -0.165646 0.346016 -0.478723 0.6350 

C(20) -0.533984 0.349110 -1.529558 0.1349 

C(21) -0.799039 0.393637 -2.029889 0.0498 

C(22) 7.708376 3.180091 2.423948 0.0205 

C(23) 1.170124 0.282650 4.139829 0.0002 

C(24) -2.517339 0.443551 -5.675417 0.0000 

C(25) -1.690656 0.495657 -3.410937 0.0016 

C(26) -0.705047 0.450957 -1.563446 0.1267 

C(27) 0.956600 0.376981 2.537524 0.0156 

C(28) 1.880750 0.415758 4.523670 0.0001 

C(29) 0.370893 0.438571 0.845685 0.4033 

C(30) -0.573378 0.290186 -1.975900 0.0559 

C(31) -1.025007 0.292780 -3.500943 0.0013 

C(32) -1.086971 0.330123 -3.292623 0.0022 

C(33) 9.620031 2.666979 3.607089 0.0009 
     
     

Determinant residual covariance 1866.438   
     
     

Equation: D(WEIGHTED) = C(1)*( WEIGHTED(-1) - 0.6128109144 

        *TOTALOUT(-1) - 0.2330916114*WENINDUS(-1) - 11.47638973 )  

        + C(2)*D(WEIGHTED(-1)) + C(3)*D(WEIGHTED(-2)) + C(4) 

        *D(WEIGHTED(-3)) + C(5)*D(TOTALOUT(-1)) + C(6) 

        *D(TOTALOUT(-2)) + C(7)*D(TOTALOUT(-3)) + C(8) 

        *D(WENINDUS(-1)) + C(9)*D(WENINDUS(-2)) + C(10) 

        *D(WENINDUS(-3)) + C(11)  

Observations: 23   

R-squared 0.727606     Mean dependent var 3.563818 

Adjusted R-squared 0.500611     S.D. dependent var 6.098057 

S.E. of regression 4.309342     Sum squared resid 222.8452 

Durbin-Watson stat 1.813626    
     
     

Equation: D(TOTALOUT) = C(12)*( WEIGHTED(-1) - 0.6128109144 

        *TOTALOUT(-1) - 0.2330916114*WENINDUS(-1) - 11.47638973 )  

        + C(13)*D(WEIGHTED(-1)) + C(14)*D(WEIGHTED(-2)) + C(15) 

        *D(WEIGHTED(-3)) + C(16)*D(TOTALOUT(-1)) + C(17) 

        *D(TOTALOUT(-2)) + C(18)*D(TOTALOUT(-3)) + C(19) 

        *D(WENINDUS(-1)) + C(20)*D(WENINDUS(-2)) + C(21) 

        *D(WENINDUS(-3)) + C(22)  

Observations: 23   

R-squared 0.505585     Mean dependent var 0.822981 

Adjusted R-squared 0.093572     S.D. dependent var 6.792569 

S.E. of regression 6.466969     Sum squared resid 501.8603 

Durbin-Watson stat 2.040770    
     
     

Equation: D(WENINDUS) = C(23)*( WEIGHTED(-1) - 0.6128109144 
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        *TOTALOUT(-1) - 0.2330916114*WENINDUS(-1) - 11.47638973 )  

        + C(24)*D(WEIGHTED(-1)) + C(25)*D(WEIGHTED(-2)) + C(26) 

        *D(WEIGHTED(-3)) + C(27)*D(TOTALOUT(-1)) + C(28) 

        *D(TOTALOUT(-2)) + C(29)*D(TOTALOUT(-3)) + C(30) 

        *D(WENINDUS(-1)) + C(31)*D(WENINDUS(-2)) + C(32) 

        *D(WENINDUS(-3)) + C(33)  

Observations: 23   

R-squared 0.760991     Mean dependent var -0.942794 

Adjusted R-squared 0.561817     S.D. dependent var 8.193186 

S.E. of regression 5.423514     Sum squared resid 352.9741 

Durbin-Watson stat 2.201451    
     
     

 

 
Table 8- VEC test for the industry sector 

 

Wald tests 

 

 

Output and Energy Consumption – SR, LR and joined 

 
 
 

 

 

 

Table 9- Wald Test for causality btw output and energy consumption  

 
 
 

 

 

 

Table 10- Wald Test for causality btw output and energy consumption  

 

=> we have univariate relation where output influences energy consumption 
 

 
 

 

 

 

Table 11- Wald Test for causality btw prices and output  

D(WENINDUS) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 22.64900 3 0.0000 

Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(TOTALOUT(-1)) 
C*D(TOTALOUT(-2)) 
C*D(TOTALOUT(-3)) 

0.956600 
1.880750 
0.370893 

0.376981 
0.415758 
0.438571 

D(TOTALOUT) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 5.245592 3 0.1547 

Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(WENINDUS(-1)) 
C*D(WENINDUS(-2)) 
C*D(WENINDUS(-3)) 

-0.165646 
-0.533984 
-0.799039 

0.346016 
0.349110 
0.393637 

 D(WEIGHTED) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 17.56554 3 0.0005 

Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(TOTALOUT(-1))  
C*D(TOTALOUT(-2)) 
C*D(TOTALOUT(-3)) 

1.201397 
0.500282 
0.928862 

0.299537 
0.330347 
0.348474 
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=>energy prices are influenced by output  

 
 
 

 

 

 

Table 12- Wald Test for causality btw prices and energy consumption  

 

=> energy prices are influenced by the energy consumption 
 
 

 
 
 

 

 

 

Table 13- Wald Test for causality btw output and prices  

 

=> output is not influenced by prices 

 
 
 
 
 
 
 
 

 
Table 14- Wald Test for causality btw energy consumption and prices   

 

=> energy consumption is influenced by energy prices 

 

 

 

 

 

 

 

 

 

 

 

 

 

D(WEIGHTED) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 15.78821 3 0.0013 

Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(WENINDUS(-1))  
C*D( WENINDUS(-2)) 
C*D( WENINDUS(-3)) 

-0.598564 
-0.497060 
-1.028288 

0.230572 
0.232633 
0.262305 

D(TOTALOUT) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 6.557771 3 0.0874 

Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D( WEIGHTED (-1))  
C*D(  WEIGHTED (-2)) 
C*D(  WEIGHTED (-3)) 

-1.326873 
-1.108139 
-0.696028 

0.528888 
0.591019 
0.537719 

D(WENINDUS) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 32.34987 3 0.0000 

Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D( WEIGHTED (-1))  
C*D(  WEIGHTED (-2)) 
C*D(  WEIGHTED (-3)) 

-2.517339 
-1.690656 
-0.705047 

0.443551 
0.495657 
0.450957 
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Service Sector 

 

 

Graph 5 - Total output for the service sector 

 

 

Graph 6 – Weighted energy consumption in the service sector 
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Graph 7 – Weighted energy prices in the service sector 

 

Augmented Dickey-Fuller Tests 

 

Weighted Energy Prices: 
 

Null Hypothesis: WEIGHPS has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -0.055035  0.9929 

Test critical values: 1% level  -4.356068  

 5% level  -3.595026  

 10% level  -3.233456  
     
     *MacKinnon (1996) one-sided p-values.  

     

Table 15- ADF test for the weighted energy prices  
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Null Hypothesis: D(WEIGHPS) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -4.440873  0.0019 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

 

Table 16- ADF test for the weighted energy prices  

 

Weighted Energy Consumption: 

 
 

Null Hypothesis: WEIGHENS has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.166747  0.1128 

Test critical values: 1% level  -4.356068  

 5% level  -3.595026  

 10% level  -3.233456  
     
     *MacKinnon (1996) one-sided p-values.  

 

Table 17- ADF test for the weighted energy consumption  

 

 

Null Hypothesis: D(WEIGHENS) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -7.298247  0.0000 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

 

Table 18- ADF test for the weighted energy consumption  
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Total Output: 
 

Null Hypothesis: SERV_OUT has a unit root  

Exogenous: Constant, Linear Trend  

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -1.942418  0.6040 

Test critical values: 1% level  -4.356068  

 5% level  -3.595026  

 10% level  -3.233456  
     
     *MacKinnon (1996) one-sided p-values.  

 

Table 19- ADF test for the total output  

 
 

Null Hypothesis: D(SERV_OUT) has a unit root  

Exogenous: Constant   

Lag Length: 0 (Automatic - based on SIC, maxlag=6) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.806854  0.0083 

Test critical values: 1% level  -3.724070  

 5% level  -2.986225  

 10% level  -2.632604  
     
     *MacKinnon (1996) one-sided p-values.  

 

 

Table 20- ADF test for the total output  
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Johansen Unrestricted Cointegration test 

Date: 12/19/11   Time: 17:18   

Sample (adjusted): 3 27   

Included observations: 25 after adjustments  

Trend assumption: Linear deterministic trend  

Series: SERV_OUT WEIGHPS WEIGHENS    

Lags interval (in first differences): 1 to 1  

     

Unrestricted Cointegration Rank Test (Trace)  
     
     
Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     

None *  0.568168  32.75207  29.79707  0.0222 

At most 1  0.311185  11.75910  15.49471  0.1688 

At most 2  0.092971  2.439521  3.841466  0.1183 
     
     
 Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     
Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     

None  0.568168  20.99297  21.13162  0.0523 

At most 1  0.311185  9.319577  14.26460  0.2605 

At most 2  0.092971  2.439521  3.841466  0.1183 
     
     
 Max-eigenvalue test indicates no cointegration at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

     

 Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I):  
     
     

SERV_OUT WEIGHPS WEIGHENS   

-0.047600 -0.029535  0.010912   

-0.050108 -0.030331  0.142041   

 0.035217 -0.097961  0.136271   
     
     
 Unrestricted Adjustment Coefficients (alpha):   
     
     
D(SERV_OUT)  4.777558 -0.397652 -1.304776  

D(WEIGHPS) -2.345866 -1.444647 -1.022014  

D(WEIGHENS)  1.703965 -2.226242 -0.028008  
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1 Cointegrating Equation(s):  Log likelihood -222.1496  
     
     
Normalized cointegrating coefficients (standard error in parentheses) 

SERV_OUT WEIGHPS WEIGHENS   

 1.000000  0.620481 -0.229241   

  (0.43617)  (0.79334)   

Adjustment coefficients (standard error in parentheses)  

D(SERV_OUT) -0.227412    

  (0.06401)    

D(WEIGHPS)  0.111664    

  (0.05006)    

D(WEIGHENS) -0.081109    

  (0.04534)    
     
     
2 Cointegrating Equation(s):  Log likelihood -217.4899  
     
     
Normalized cointegrating coefficients (standard error in parentheses) 

SERV_OUT WEIGHPS WEIGHENS   

 1.000000  0.000000 -106.8718   

   (28.7848)   

 0.000000  1.000000  171.8707   

   (46.7028)   

Adjustment coefficients (standard error in parentheses)  

D(SERV_OUT) -0.207487 -0.129044   

  (0.09274)  (0.05681)   

D(WEIGHPS)  0.184052  0.113103   

  (0.06918)  (0.04237)   

D(WEIGHENS)  0.030443  0.017198   

  (0.05612)  (0.03438)   
     
     

     

 

Table 21-Johansen cointegration test for the service sector 

 

 

 

 

 

 

 

 



 Appendix 

 
47 

VEC Model 

System: UNTITLED   

Estimation Method: Least Squares  

Date: 01/11/12   Time: 14:12   

Sample: 1987 2009   

Included observations: 23   

Total system (balanced) observations 69  
     
      Coefficient Std. Error t-Statistic Prob.   
     
     C(1) -0.075489 0.098424 -0.766980 0.4481 

C(2) 0.998862 0.280619 3.559497 0.0011 

C(3) -0.132777 0.382642 -0.347000 0.7306 

C(4) -0.168655 0.325055 -0.518852 0.6070 

C(5) -2.426447 0.579814 -4.184872 0.0002 

C(6) -0.115641 0.997723 -0.115905 0.9084 

C(7) 0.481027 0.836327 0.575167 0.5688 

C(8) 0.077310 0.623407 0.124012 0.9020 

C(9) 0.128601 0.580028 0.221715 0.8258 

C(10) -0.314061 0.520426 -0.603469 0.5500 

C(11) 2.794956 3.745954 0.746127 0.4604 

C(12) -0.143607 0.056558 -2.539101 0.0156 

C(13) 0.271326 0.161254 1.682597 0.1011 

C(14) -0.040095 0.219880 -0.182348 0.8563 

C(15) 0.394897 0.186789 2.114140 0.0415 

C(16) -1.367095 0.333183 -4.103142 0.0002 

C(17) -0.904041 0.573328 -1.576828 0.1236 

C(18) -1.095115 0.480585 -2.278714 0.0287 

C(19) 0.757351 0.358233 2.114130 0.0415 

C(20) 0.644688 0.333305 1.934225 0.0610 

C(21) 0.187261 0.299056 0.626172 0.5352 

C(22) -0.018249 2.152564 -0.008478 0.9933 

C(23) 0.126420 0.057366 2.203741 0.0340 

C(24) 0.281866 0.163558 1.723341 0.0934 

C(25) -0.556378 0.223022 -2.494726 0.0173 

C(26) 0.332384 0.189458 1.754397 0.0879 

C(27) 0.100202 0.337943 0.296506 0.7685 

C(28) 1.135063 0.581521 1.951887 0.0588 

C(29) -0.264454 0.487452 -0.542524 0.5908 

C(30) -0.658712 0.363352 -1.812878 0.0782 

C(31) -0.312815 0.338068 -0.925302 0.3610 

C(32) -0.190687 0.303329 -0.628646 0.5335 

C(33) 6.486095 2.183321 2.970747 0.0053 
     
     Determinant residual covariance 1973.596   
     
          

Equation: D(SERV_OUT) = C(1)*( SERV_OUT(-1) - 1.2888790462 

        *WEIGHENS(-1) + 2.28961430308*WEIGHPS(-1) - 139.064987796 ) + 

        C(2)*D(SERV_OUT(-1)) + C(3)*D(SERV_OUT(-2)) + C(4) 

        *D(SERV_OUT(-3)) + C(5)*D(WEIGHENS(-1)) + C(6)*D(WEIGHENS( 

        -2)) + C(7)*D(WEIGHENS(-3)) + C(8)*D(WEIGHPS(-1)) + C(9) 

        *D(WEIGHPS(-2)) + C(10)*D(WEIGHPS(-3)) + C(11) 

Observations: 23   

R-squared 0.736585     Mean dependent var 1.192638 

Adjusted R-squared 0.517073     S.D. dependent var 11.31123 

S.E. of regression 7.860505     Sum squared resid 741.4504 

Durbin-Watson stat 1.846781    
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Equation: D(WEIGHENS) = C(12)*( SERV_OUT(-1) - 1.2888790462 

        *WEIGHENS(-1) + 2.28961430308*WEIGHPS(-1) - 139.064987796 ) + 

        C(13)*D(SERV_OUT(-1)) + C(14)*D(SERV_OUT(-2)) + C(15) 

        *D(SERV_OUT(-3)) + C(16)*D(WEIGHENS(-1)) + C(17)*D(WEIGHENS( 

        -2)) + C(18)*D(WEIGHENS(-3)) + C(19)*D(WEIGHPS(-1)) + C(20) 

        *D(WEIGHPS(-2)) + C(21)*D(WEIGHPS(-3)) + C(22) 

Observations: 23   

R-squared 0.619444     Mean dependent var 1.384749 

Adjusted R-squared 0.302314     S.D. dependent var 5.407721 

S.E. of regression 4.516938     Sum squared resid 244.8327 

Durbin-Watson stat 2.194191    

     

Equation: D(WEIGHPS) = C(23)*( SERV_OUT(-1) - 1.2888790462 

        *WEIGHENS(-1) + 2.28961430308*WEIGHPS(-1) - 139.064987796 ) + 

        C(24)*D(SERV_OUT(-1)) + C(25)*D(SERV_OUT(-2)) + C(26) 

        *D(SERV_OUT(-3)) + C(27)*D(WEIGHENS(-1)) + C(28)*D(WEIGHENS( 

        -2)) + C(29)*D(WEIGHENS(-3)) + C(30)*D(WEIGHPS(-1)) + C(31) 

        *D(WEIGHPS(-2)) + C(32)*D(WEIGHPS(-3)) + C(33) 

Observations: 23   

R-squared 0.629337     Mean dependent var 3.995864 

Adjusted R-squared 0.320451     S.D. dependent var 5.557702 

S.E. of regression 4.581479     Sum squared resid 251.8794 

Durbin-Watson stat 2.172175    
     
     

 

Table 22- VEC test for the service sector 

Wald test 

 

 

 

 

 

 

Table 23- Wald Test for causality btw energy consumption and total output  

 

=>Energy consumption influences total output 

 

 

 

 

 

Table 24- Wald Test for causality btw total output and energy consumption  

 

=>Total output influences energy 

Conclusion => bivariate relation 

D(SERV_OUT) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 26.96829 3 0.0000 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(WEIGHENS(-1)) 
C*D( WEIGHENS (-2)) 
C*D( WEIGHENS (-3)) 

-2.426447 
-0.115641 
0.481027 

0.579814 
0.997723 
0.836327 

D(WEIGHENS) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 8.899572 3 0.0307 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(SERV_OUT(-1)) 
C*D(  SERV_OUT (-2)) 
C*D(  SERV_OUT (-3)) 

0.271326 
-0.040096 
0.394897 

0.161254 
0.219880 
0.186789 
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Table 25- Wald Test for causality btw prices and total output   

=>Prices do not influence output 

 
 
 
 
 
 
 
 

 

Table 26- Wald Test for causality btw total output and prices 

=>No cointegration of prices and output 

 

 

 
 

 

 

 

Table 27- Wald Test for causality btw prices and energy consumption 

=>Prices do not influence the energy consumption 

 
 
 
 
 
 
 
 
 
 

 

Table 28- Wald Test for causality btw energy consumption and prices 

 

=>No cointegration of prices and energy consumption 

D(SERV_OUT) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 0.842035 3 0.8394 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(WEIGHPS(-1)) 
C*D( WEIGHPS (-2)) 
C*D( WEIGHPS (-3)) 

0.077310 
0.128601 
-0.314061 

0.623407 
0.580028 
0.520426 

D(WEIGHPS) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 7.043817 3 0.0705 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(SERV_OUT(-1)) 
C*D(  SERV_OUT(-2)) 
C*D(  SERV_OUT(-3)) 

0.281866 
-0.556378 
0.332384 

0.163558 
0.223022 
0.189458 

D(WEIGHENS) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 5.778439 3 0.1229 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(WEIGHPS(-1)) 
C*D(WEIGHPS (-2)) 
C*D(WEIGHPS (-3)) 

0.757351 
0.644688 
0.187261 

0.358233 
0.333305 
0.299056 

D(WEIGHPS) Wald Test: System: Untitled 

Test Statistic Value df Probability 

Chi-square 7.408708 3 0.0600 
Null Hypothesis Summary: 

Normalized Restriction (= 0) Value Std. Err. 
Restrictions 
are linear 

in coefficients. 

C*D(WEIGHENS(-1)) 
C*D(WEIGHENS (-2)) 
C*D(WEIGHENS (-3)) 

0.100202 
1.135063 
-0.264454 

0.337943 
0.581521 
0.487452 


