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Abstract 

The financial crisis of 2008 and the plunge in the oil price in 2014 have both had severe impacts on 

the Norwegian economy. The petroleum sector accounts for a crucial share of the industry, and the 

government has implemented measures to preserve the revenues from this sector. The purpose is to 

create a buffer in difficult times and to secure the value of the revenues for future generations.  

Previous literature shows an asymmetric relation between the oil price and consumption in net-

importing countries. This thesis concerns a net-exporting economy, and the objective is to examine 

whether there exists a relationship between the oil price and aggregate private consumption in 

Norway.  

Time series analysis is applied to study this relationship, and all time series are found integrated at 

order one. Cointegration is furthermore detected between the control variables income and net 

wealth, and consumption. An error correction model is hereby estimated to correct for deviations 

from the long-run equilibrium. The analysis finds a positive, but insignificant relationship between 

the oil price and consumption. A Granger causality test also substantiates these results. Moreover, 

impulse response functions reveal that a positive shock in the oil price has a positive effect on 

consumption. A decomposition of the forecast error variance additionally illustrates that variations 

in the oil price do not account for a great share of the variance in consumption. These results are 

somewhat in line with the expectations, as the legislative measures implemented limit the effect of 

oil on private consumers.  

The dataset is split in two at the financial crisis. The analysis shows that the effect of oil on 

consumption is insignificant, but the explanatory power is slightly higher after the crisis. Variations 

in the oil price furthermore account for a larger share of the variance in consumption after the crisis. 

As the second subsample consists of very few observations, no conclusion may be drawn, but the 

results may signal that consumption behavior has changed somewhat after the financial crisis. 

Finally, the key variable, Brent, is exchanged with an alternative measure. The net oil price increase 

(NOPI) yields similar results as the analysis conducted using Brent. However, the effect of oil price 

on consumption is slightly greater, and variations in NOPI accounts for a smaller share of the 

variance in consumption than Brent does. This may indicate that Norwegian consumers are more 

affected by changes in the oil price when decreases are included and might point to the existence of 

an opposite asymmetric relation in a net-exporting country.  
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1. Introduction  

The first discovery of oil on the Norwegian continental shelf was in the 1970s. This marked the 

beginning of what is known as the Norwegian oil adventure. The oil industry completely altered the 

economy in Norway. Before the first findings of oil, the gross domestic product (GDP) per capita 

was below the average of western countries. Agriculture, fishing and timber were the most abundant 

industries in Norway. Today, the GDP per capita is the fourth largest in the world, and the 

petroleum industry accounted for 14 percent of the total GDP in Norway in 2017. The industry has 

contributed to value creation of approximately 13,000 billion Norwegian kroner (NOK) since the 

beginning, due to the surge in production of oil together with a significant increase in the price.  

As the production accelerated, the Norwegian government felt the need to implement several 

measurements to ensure that the activity on the Norwegian continental shelf had the best interest of 

Norwegians. The government understood the importance of the industry in Norway and the need for 

stricter policies regarding the preservation of the petroleum revenues. They wanted to manage the 

petroleum revenues such that it will not only benefit generations today, but also all future 

generations. In 1990, an oil fund named Government Pension Fund Global was established. The 

cash flow of the government from the petroleum industry is directly put into the fund and invested 

in a diversified portfolio of equities, fixed income, and unlisted real estate investments. The use of 

the oil revenues is strictly disciplined to maintain the economic position of Norway in the future.  

The oil fund is set to deal with economic challenges in the future, and it is one of the most common 

factors to highlight when discussing the quick recovery of Norway after the financial crisis of 2008. 

The government expenditures increased considerably, where the spending of petroleum revenues 

was raised by 67 percent from 2008 to 2009. The confidence among the Norwegian consumers 

improved quickly after the crisis, and the measurements initiated by the government seemed to 

work effectively. Due to the significant drop in the oil price related to the financial crisis, one would 

believe that an oil-dependent country such as Norway would be hit harder. However, Norway did 

get through the crisis better than one would expect, which might be because of the actions 

undertaken by the government to reduce the influence of the variation in the oil price on the 

Norwegian economy. The overall GDP in the OECD area fell by 5 percent from mid-2008 to mid-

2009. In Norway, the GDP fell by less than half of this during the same period. There are, though, 

some indication of changes in consumer behavior, as the ratio of consumption to disposable income 

has decreased after the crisis. At the same time, the ratio of net wealth to disposable income has 
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increased steadily over the same period. These developments may indicate that Norwegians have 

become more careful with the use of disposable income after the financial crisis.  

Earlier research has mostly focused on the oil price influence on the macroeconomy as a whole, by 

analyzing the impact of price variations on macroeconomic factors such as GDP, inflation, and 

industrial output. The main share of the research has also involved net oil-importing countries. 

Consumption is one of the most significant components of GDP in a country and would be 

interesting to examine more closely. Some research has been conducted on the influence of oil price 

changes on consumption in oil-importing countries. This paper wants to give clearer understanding 

of the effect of changes in the oil price on the consumption of private households in Norway, as one 

of the largest oil-exporting countries in the world. 

1.1. Motivation 

After the oil price rose for a long time from the beginning of the Norwegian petroleum age, the 

price hit a bottom of USD 40 per barrel in February 2009. This drop was approximately a USD 100 

per barrel decline since the all-time high price in the summer of 2008, just before the financial 

crisis. The oil price recovered but has not yet reached the same level. In the second half of 2014, the 

price again dropped by more than 40 percent. These fluctuations have affected the whole 

Norwegian economy, but do not seem to have as great consequence on private households that one 

might expect. As Norwegians, this is something that is found interesting to study further. Previous 

research has found that the effect of oil price changes on the economy is great in oil-dependent 

countries. It is also fund that the Norwegian economy is positively affected by an oil price increase. 

The expectations of the authors is, therefore, that private consumption will react positively as well. 

The effect of Oil prices on consumption is predicted to be smaller, compared to other countries, 

given the institutional apparatus that was created over several decades to manage oil production and 

its consequences on the economy. To investigate this, the problem statement presented in the next 

section will be analyzed, where the private consumption in Norway is examined on an aggregate 

level. 
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1.2. Problem Statement  

To what extent is the aggregate, private consumption in Norway affected by fluctuations in 

the oil price? 

 Is there a significant, positive effect of changes in the oil price on private consumption of 

Norwegian households? 

 How does private consumption respond to an unexpected, positive shock in the oil price?  

 What share of the forecast variation does the oil price account for in household 

consumption? 

 Has the impact of changes in the oil price on consumption of private consumers in Norway 

changed after the financial crisis in 2008? 

 Are the results of the analysis similar when the oil price variable is replaced by another oil 

price measure called the net oil price increase?  

1.3. Methodology  

This thesis follows a deductive approach, where the authors take into consideration a theory about 

the relationship between oil price and consumption. It can then be said that a from this particular 

theory it is attempted to generalize to several cases. A research strategy is subsequently 

implemented to test the hypothesis. The problem statement, presented in section 1.2, is drawn based 

on the hypothesis being investigated. The hypothesis is that Norwegian consumers are positively 

affected by a positive shock in the oil price, but that measures implemented by the government 

reduce the direct effect on the private consumers. Data is collected on the household consumption in 

Norway and the relevant oil price, as well as the control variables. Then, the analysis of the data 

will either confirm or reject the stated hypothesis (Gyldendal , n.d.).  

The paper is divided into ten sections, beginning with the introduction. The second section gives a 

basic introduction to the macroeconomic theory. The original papers by the authors behind the 

theories are the primary sources of information, together with the textbooks Romer (2012) and 

Doppelhofer (2009). A significant share of prior research within the field of oil price and 

consumption studies is based on the macroeconomic theory presented in section two, and an 

overview of this literature will be provided in section three. In section 3, the main framework of this 

thesis is also presented. The paper is written by Mehra and Petersen (2005), who found a negative 

and asymmetric effect of an oil price increase on private consumption in the United States, an oil-

importing country. The fourth section gives the background for the thesis. The background includes 
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the petroleum history of Norway, the management of oil revenues and the financial crisis in 

Norway, as well as the historical development of the oil price.  

The fifth section carefully explains the variables included in this thesis, as well as the treatment of 

the dataset. All data used is based on public information and downloaded from acknowledged and 

reliable sources such as Statistics Norway, the Central Bank of Norway, Datastream and 

Bloomberg. Section six is the core section, providing the econometric analysis of the main problem 

statement in the thesis. It is constructed in the way that the theory behind the econometric concepts 

is explained first, and the estimation related to the concepts follows. The theory applied is basic 

time series econometrics, where Gujarati (2004) and (Koop, 2008) constitute the primary theoretical 

framework, together with the original papers from the authors behind the theories. Firstly, all 

variables are tested for stationarity. Furthermore, it is investigated whether some of the variables 

exhibit a long-term relationship with cointegration tests. An error correction model is then 

estimated, including an error correction term controlling for the long-term relationship of the 

cointegrating variables. To further study the cointegrating relationship, Granger causality tests are 

applied between the relevant variables to check for a long-term relationship. For the non-

cointegrating variables, short-term Granger causality is tested. The model is also examined to see 

whether it fulfills the assumptions relevant to the error correction model. Additionally, an 

unexpected shock in the oil price is imposed to study the response in consumption. Lastly, the 

forecast error variance of consumption is decomposed.  

Section seven provides robustness checks of the analysis estimated in section six. The dataset is 

divided in two at the financial crisis to analyze whether the model is stable before the drop in the oil 

price related to the financial crisis and whether the consumer behavior has changed after the crisis. 

Furthermore, an alternative measure of the oil price is used to check for asymmetry in the relation 

between oil price and consumption. The conclusion of the paper is presented in section eight, 

followed by criticism and alternative perspectives of the thesis in section nine and ten, respectively. 
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2. Macroeconomic Theory  

The research of household consumption within macroeconomic theory has been extensive for 

decades. Many theoretical models have been developed in attempts to explain the movements in 

consumption and the related explanatory variables. This section of the thesis will cover the most 

central theories to provide a foundation for the methodology being used. First, the Keynesian 

consumption function will be presented in section 2.1, followed by intertemporal models in section 

2.2 and Hall’s random walk in section 2.3. 

2.1 The Keynesian Consumption Function  

In 1936, John Maynard Keynes introduced the concept of the consumption function in the book 

“The General Theory of Employment, Interest and Money”. This section of the thesis is based on 

the original paper from Keynes (1936) unless otherwise stated. Keynes’ book is divided into five 

books, where book three gives a thorough analysis of household consumption. He says that 

consumption depends on two types of factors: objective and subjective factors.  

Of the objective factors, Keynes argued that current disposable income was the most important and 

that there was a fairly stable relationship between consumption and income. Hence, a popular way 

to present Keynes’ consumption function is to assume that there is a linear relationship between 

consumption and disposable income: 

                                       

Where    is consumption and   is the autonomous consumption, which is the minimum level of 

consumption independent of disposable income.    equals the marginal propensity to consume 

(MPC), which is between zero and one, and     is the disposable income at time tthrough. The 

MPC is the amount of increase in consumption due to an increase in disposable income, and hence 

the        is equal to the induced income (Romer, 2012).  

The rate of time discounting, measured by the interest rate, is another essential objective factor 

recognized by Keynes. The interest rate has an indirect effect on consumption, through the 

valuation of wealth. Hence, the level of the interest rate is important in the decision of consumption 

today or consumption in the future. Further, he states that this decision also depends on the fiscal 

policy. He discusses the effect of fiscal policy on the disposable income though for example income 

taxes, and therefore the consumption. The fiscal policy is also known as a mechanism for more 

equal distribution of income and hence increases the propensity to consume on an aggregate level. 
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Lastly, Keynes discussed savings as a form of investment as an objective factor affecting 

consumption. He argues that if households are met with good investment opportunities, savings as a 

share of disposable income will increase, and hence the consumption is sensitive to the return on 

these investments.  

Furthermore, Keynes acknowledges the importance of the psychological and sociological factors. 

He mentions two examples of subjective factors influencing consumption. The first is precautionary 

savings, which is the fact that people increase their savings when facing uncertainties. The second 

example is bequeath; that people are saving to benefit the next generation.  

Keynes did not directly propose the linear relationship between consumption and disposable 

income, shown with equation 2.1. However, he described the proportional relationship between the 

two variables, which empirical evidence subsequent has shown contrary results to. Evidence has 

shown that the savings rate is more stable, even though income is increasing, creating a gap 

between consumption and income. Because of this, many new theories have been developed since 

Keynes presented his consumption model, which was very popular until the 1950s and 1960s. Still, 

many of the factors introduced by Keynes, such as wealth effects, income inequality and interest 

rate, are in line with later studies in recent time.  

2.2 Intertemporal Models  

In contrast to the consumption model introduced by Keynes, intertemporal models take not only 

current income into account but also current wealth and future income. These models assume that 

consumers maximize their utility over their whole life, as they try to “smooth” consumption over 

their lifespan. The consumers will save money when income is high, and borrow money when 

income is low. This is however based on some assumptions; the individuals must behave rationally 

and a well-functioning credit market must be in place. The most famous intertemporal models are 

the life cycle hypothesis (LCH) developed by Franco Modigliani (with coauthors) and the 

permanent income hypothesis (PIH) developed by Milton Friedman. Unlike the consumption model 

developed by Keynes, these models are able to consider more implications in the model of 

consumption, such as time-preference, the uncertainty of future disposable income and fluctuations 

in the interest rate. The two-period intertemporal model will first be explained to achieve a basic 

understanding of the intertemporal models. Section 2.2.1 is based on theory from Romer (2012) 

unless otherwise stated. The theory of the LCH and PIH is based on the original papers of 

Modigliani and Friedman, as well as Doppelhofer (2009), in section 2.2.2 and 2.2.3 respectively.  
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2.2.1 Two-Period Intertemporal Model 

To simply explain the intertemporal consumption choices, a two-period model is introduced. Here it 

is assumed that an individual lives for only two periods of time, and needs to choose between 

consumption in period one and period two. The model further assumes that the individual can 

borrow and lend money at the same interest rate, and that income is exogenous. The individual has 

the following budget constraints: 

                                   

                                         

    
  

     
    

  

     
                         

Equation 2.2 is the budget constraint in period one, where    is consumption in period one,    is 

savings in period one and    is income in period one. The savings from the first period is included 

in the budget constraint for period two, shown in equation 2.3, and multiplied by the interest rate,  , 

plus one. Further,    is consumption in period two and    is income in period two. In both budget 

constraints, income is on the right-hand side and the expenditures on the left-hand side. The 

individual can choose to either consume or save the income from period one. In the second period, 

the individual has two potential sources of income; income from the second period and the savings 

from the first period. However, the individual could decide to consume more than its income in 

period one, and the saving parameter would then be negative, as the individual needs to borrow 

money from the second period. Aggregating the two periods together, we get the intertemporal 

budget constraint for both periods in equation 2.4, where present value of consumption is equal to 

present value of income. 

The individual wants to maximize lifetime utility, given by equation 2.5, subject to the 

intertemporal budget constraint, given by equation 2.4. The   in the utility function describes the 

subjective discount factor measuring the degree of impatience of the individual, which is shown 

more clearly in equation 2.7. To solve this optimization problem concerning consumption, we 

differentiate with respect to consumption to achieve the first order condition, where marginal utility 

in the first period is equal to the marginal utility in the second period.  
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From equation 2.6, it can be seen that the relationship between the marginal utility of consumption 

in the first period and the second period depends on beta and the interest rate. This equation is 

known as the Euler equation. In equation 2.7, one can see that beta is determined by the interest rate 

and the time preference of consumption, given by  . If the interest rate is higher than the time 

preference of consumption,    , then consumption in the first period is going to be smaller than 

consumption in the second period. The opposite will happen if the interest rate is lower than the 

time preference of consumption. If the two are equal, then consumption in the first period will be 

equal to consumption in the second period.  

 

Figure 2.1 - Saver case (left) and borrower case (right) (Romer, 2012)  

Suppose that no saving or borrowing is allowed. Such a situation is called an autarky and means 

that there is no credit market. This situation entails that consumption in the first period must equal 

income in that period, and similar for consumption in the second period. Without an autarky, in the 

case of a saver, the optimal choice of consumption in the first period is going to be smaller than the 

income in the first period. In the case of a borrower, the optimal choice of consumption is larger 

than the income in the first period. Hence, the borrower needs to consume less than income in the 

second period to pay back the debt from the first period. These two cases of no autarky are shown in 

figure 2.1 above. In the figure, the black line is the intertemporal budget constraint and the red 

curve represents the indifference curve. The indifference curve gives different allocations of 

consumption in period one and consumption in period two. The consumer has no preferences on 

which combination, herby the word ‘indifference’. The intersection between the two is the optimal 

choice of consumption, which maximizes utility subject to the budget constraint.   
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Figure 2.2 - Increase in interest rate  Saver case (left) and borrower case (right) (Romer, 2012) 

There is now assumed that there is an increase in the interest rate. The effect of interest rate on 

consumption can be divided into a substitution effect and an income effect. The substitution effect 

(ISE) will reduce consumption in the first period, for both the saver and the borrower, and increase 

consumption in the second period. The saver will have higher savings due to the increase in the 

interest rate, as saving becomes more attractive, and hence consume more in the second period. The 

borrower will borrow less because it becomes more expensive with a higher interest rate, and thus 

less debt to pay back in the second period and then more money to consume. The income effect 

(IWE), however, is different in the case of a saver and a borrower. For the saver, the interest rate 

will increase the saved income from the first period the saver hence can consume more in the 

second period. The borrower must pay more interest on the debt borrowed in the first period, and 

therefore will consume less in both periods. The total effect for the saver is that consumption 

always goes up in the second period, but the consumption in the first period depends on the 

magnitude of these effects. For the borrower, consumption in the first period will always decrease. 

The total impact in the second period is ambiguous and depends on which effect is more substantial. 

These effects are shown in figure 2.2 above. The black line is the initial allocation, and the red line 

is when the interest rate is increasing. The endowment point is the radiation where the black and red 

lines are crossing, at Y1 and Y2.  

Norwegian households have on average higher debt than financial wealth, which can be seen in 

figure 5.6 in section 5.1.2, and Norwegians can thus be classified as borrowers. Holding the debt 

level constant, an increase in the interest rate will reduce the consumption in both periods 

conforming to the income effect. According to forecast done by Statistics Norway, the debt level in 

Norway is increasing and is not predicted to change path in the near future (Statistics Norway, 
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2018). This is despite forecast from Norges Bank
1
 showing that the interest rates are expected to 

increase in the end of 2018 (Takla, 2017). Therefore, we would classify the income effect as having 

more weight than the substitution effect. Hence, an increase in the interest rate will cause 

consumption to decrease in the first period and second period, and one can, therefore, assume that 

the coefficient on the interest rate in this analysis will be negative. It is, however, difficult in an 

empirical study to disentangle these interest rate effects or to know which coefficients that pick up 

what effects.  

Furthermore, wealth effects are also relevant for consumption allocation. Wealth is often valued as 

the discounted present value of cash flows. Hence, if the interest rate increases, the wealth is 

discounted by a higher factor which decreases the value of the wealth. Everything else equal, this 

will lead to a lower current consumption for the individual.  

2.2.2 Life Cycle Hypothesis (LCH) 

Franco Modigliani and Richard Brumberg introduced the Life Cycle Hypothesis in the “Post 

Keynesian Economics” (1954) to describe consumption and saving behavior for individuals over 

their lifespan. As for the two-period intertemporal model, the model argues that consumers 

maximize their utility over their lifetime, subject to a budget constraint. That is, individuals smooth 

the consumption over their lifespan.  

        
 

      
     

 
                           

    
  

   
   

  

            
   

   
   

  

                             

In the equations above,       is the utility of consumption    in time t,    is income at time t,   is 

the interest rate, and   is the time preference of consumption. The model assumes that individuals 

live for T periods and for each period t the individual wants to maximize its lifetime utility, given 

by equation 2.8, subject to the budget constraint in 2.9. This budget constraint is similar to the two-

period intertemporal model introduced in section 2.2.1, where the present value of lifetime income 

is equal to the lifetime spending. Assumptions in the LCH model is that individuals have finite 

horizons and do not leave any assets behind, as well as homothetic utility functions. This 

assumption means that the composition of lifetime consumption does not depend on the level of 

income; hence wealthy individuals will smooth out consumption as much as less wealthy 

                                                           
1
 Norges Bank is the central bank of Norway  
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individuals. For simplicity, suppose the individuals earn a fixed labor income,   , until they retire at 

time R. After retirement, the individuals receive no income until the expected end of their lifetime 

at time T.  

Figure 2.3 below shows how an individual allocates consumption over a lifetime. Wealth increases 

towards retirement at time R to ensure the smoothing of marginal utility across time periods, i.e., 

consumption. When the age reaches R, the individual stops working and income drops to zero. The 

wealth will then start to decrease as consumption continues at the same level, which is the grey line 

in the figure below, until end of the lifetime at time T.  

 

Figure 2.3 - The Life-Cycle Hypothesis (Doppelhofer, 2009) / (Compiled by authors) 

According to the model, individuals would borrow before entering the labor market, accumulate 

savings while working and then dissave all wealth after retirement. Further, the model implies that 

consumption responds little to temporary changes in income and proportionally to permanent 

changes. Another implication is that the marginal propensity to consume of current income depends 

on age.  

There are several of the assumptions behind the LCH that does not hold well empirically. Firstly, 

elderly do not dissave as much as implied by the model. It is hard to dissave properly, causing the 

individuals to end their life with zero assets and no debt. Furthermore, individuals care about future 

generations and want to save assets for them. Secondly, young individuals consume too little 

compared to the expected lifetime income implied by the model, which may be due to credit 
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restrictions for younger. Lastly, consumption seems to vary throughout the working life, which is 

contrary to consumption smoothing and might be due to precautionary savings.  

2.2.3 Permanent Income Hypothesis (PIH)  

The permanent income hypothesis developed by Milton Friedman (1957), is taking into account the 

problem with the dissaving assumption. He assumes that each individual lives for one period and 

care about its own utility, as well as the utility of the future generations:  

                         

                         

    

                                   
 
                        

Hence, each individual acts as if they live infinitely and have an infinite horizon. Similar to 

equation 2.9 in the LCH, we can combine the budget constraint faced by each generation to the 

intertemporal budget constraint:  

  
  

                   
  

        
 
   

 
           

  

                             

Where    is the initial wealth and    is the bequest to the next generation. The left-hand side of 

equation 2.11 shows the present value of current and future income of their infinite horizon, 

discounted at r, plus initial assets. The right-hand side shows the present value of consumer 

spending plus a term showing the present value of wealth as the horizon is pressed towards infinity. 

In contrast to the LCH, the individuals can leave assets behind for the next generation, measured by 

the   . There is a condition made to make it impossible for earlier generations to leave behind debt 

to following generations (     ), which is       
  

           . This condition means that the 

present value of assets must be non-negative and that debt must not grow faster than the interest 

rate. Else, the individual can finance infinite consumption by borrowing, but not ever-increasing 

amounts, which is known as the No-Ponzi-Game condition. The optimal consumption path must 

follow the transversality condition given by:  

       
  

                              (2.12) 

Which simplifies the intertemporal budget constraint given in equation 2.11 to  
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By solving the maximization problem of maximizing utility, given in equation 2.10, subject to the 

budget constraint, equation 2.13, the Euler equation is derived:  

                                              

Beta,  , is in PIH the discount factor between generations. If we consider a case where   
 

   
 we 

get: 

                                         

Equation 2.15 implies that consumption should be constant over time,           . This equation 

can then be substituted into the budget constraint from equation 2.13, which now shows that in each 

period, individuals will consume the annuity value of the total wealth. Milton Friedman (1957) 

called this the permanent income,     

  
  

                   
  

        
 
   

 
                         

       
  

 

     
  

    

      
           

                          

Equation 2.17 shows that consumption should respond proportionally to changes in permanent 

income, but not to temporary changes. Hence, the PIH can explain why changes in MPC can be 

observed in shorter periods, while it is relatively stable in the long run. 

2.3 Random Walk  

Hall (1978) introduced an empirical result that current consumption is independent of current 

income, but that consumption follows a random walk. This section is based on the original paper 

from Hall (1978) and Dopperhofer (2009). Suppose that individuals want to maximize the expected 

value of lifetime utility by the given equation:  

 
     

       
           

 
                           

Where   represents the mathematical expectations conditional on information available at time t = 

1. The budget constraint given by equation 2.4 is still applied in this model. When solving the 

stochastic version of the Euler equation, we get the marginal utility of consumption in period one is 

equal to the expected marginal utility in period two: 
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Furthermore, Hall tests the stochastic versions of the LCH and PIH by making two simple 

assumptions in his random walk model:  

Assumption 1: Assume that the individual utility function is quadratic:  

        
   

 
                                 

                            (2.21) 

This assumption results in the marginal utility is linear in consumption, shown in equation 2.21. 

The individual consumption decisions then exhibit certainty equivalence. This indicates that 

individuals ignore the variation in consumption, and acts as if it was at its conditional mean value.   

Assumption 2: Assume that individuals want to hold marginal utility, and therefore consumption, 

constant over time:  

     
 

 
                          

With these two assumptions, the Euler equation, based on the theory of Hall, becomes 

                                    

Equation 2.23 states that consumption follows a random walk, and the best estimate of consumption 

in the next period, is the current level of consumption. Based on assumption two, consumers want 

to smooth consumption over time (by having a constant consumption) and use all the information 

available at time 1 to make the best forecast of the consumption in the future. The implication of 

this is that it is not possible to predict changes in consumption, if these changes represent 

information not known at time t = 1.  

In Hall’s paper from 1978, he tests the random walk theory on the aggregate data of postwar United 

States and finds evidence that consumption and income in the past have no predictive power on the 

consumption in the future. However, he finds evidence that lagged values of the S&P500 stock 

market index has predictive power on the aggregate consumption in the United States. There has 

also been further evidence showing that consumption can be predicted by lagged values of 

consumption, income and wealth and that this predicts the future of consumption better than the 

random walk model introduced by Hall (1978). However, researchers are divided on the issue of the 

reliability of the random walk model. The following section in this thesis will describe more recent 

research and papers regarding the consumption model and the relevant methodology used in the 

analysis, based on the macroeconomic models presented in this section.  
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3. Literature Review 

The effect of changes in the oil price on the macroeconomy is a much discussed subject. During the 

1970s and 1980s, researchers examined the relationship between increases in the oil price on the 

real GDP growth in net oil-importing countries. The relationship was found significantly negative. 

Before 1981, most oil price movements were positive, hence affecting these net-importing 

economies negatively. After this, the movements have been in both directions, leading to increased 

research on the effect of oil price changes on the economy (Mehra & Petersen, 2005). During the 

1990s and 2000s, there has been increased research on the effect of oil price changes on 

consumption, one of the main components of GDP. There has also been a greater interest in net-

exporting countries. The first section will present previous literature on the oil price effect on 

macroeconomic activities. As most of the theories in section 3.1 are based on oil-importing 

countries, section 3.2 will provide previous research on oil-exporting countries. Further, section 3.3 

will present earlier models on consumption, before the main framework in this thesis will be 

explained in section 3.4.  

3.1 Oil Price Effect on Macroeconomic Activities  

In 1983, James D. Hamilton wrote that oil price shocks were a contributing factor to the recession 

in the United States economy in the beginning of the 1970s. He wrote that there was a significant 

negative correlation between oil price increases and economic growth. He furthermore said that “all 

but one of the U.S. recessions since World War II have been preceded by, typically with a lag of 

around three-fourths of a year, a dramatic increase in the price of crude oil petroleum” (Hamilton, 

1983). His results showed that the oil price to some extent follows the same movements as the 

economy, and vice versa.  

Burbidge and Harrison confirmed the results of Hamilton in 1984, and showed that they are 

applicable also to OECD
2
 countries. They empirically test the effect of exogenous changes in the oil 

price on five OECD countries and find that changes in the oil price mainly affect the economy 

through the general price level, and somewhat through the industrial output. They find substantial 

effects on the American and Canadian economies, and smaller, but significant effects in Japan, 

Germany and United Kingdom (Burbidge & Harrison, 1984).  

                                                           
2
 The Organisation for Economic Co-operation and Development (OECD), a cooperation between countries to promote 

policies to improve econ0mic and social well-being around the world.  
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As oil price movements continued in both directions during the 80s, the effect on the real GDP 

growth seemed to be asymmetric. In 1989, Knut Anton Mork build further on Hamilton’s analysis 

from 1983 to investigate whether the results held after the oil price collapsed in 1986. He presented 

an analysis on asymmetric effects of oil price movements, showing that increases had negative 

effect on GDP in net oil-importing countries, but that decreases in the price did not have the 

equivalent positive effect. He wrote that the reason for this was that an oil crisis raised concerns 

about the energy prices and availability of oil, and this caused a delay in or led to cancellations of 

investments that were irreversible. Opposite, price decreases would not lead to positive effects that 

mirrored these negative (Mork, 1989). Mork followed up on this paper in 1994, where he examined 

GDP growth in OECD countries, and found that this asymmetric effect was different from country 

to country, but that the effect consistently was greater for heavily oil-dependent countries.  

In 1996, Hamilton wrote that the asymmetric effect was due to consumers postponing energy-

related investments to times where there was greater certainty of the energy price. In order to 

capture this non-linear response of changes in the oil price, he presented the most widely known 

alternative definition to the oil price. Hamilton wrote that most oil price movements were just 

corrections to movements from earlier times, and that the oil price needed time to adjust to new 

levels. He called the measure “the net oil price increase” and it was measured the following way: 

the observed price takes the value zero if the price is not higher than any of the previous twelve 

months. If it is, the price takes the difference between the observed value and the maximum value 

over the last year. This measure gives the oil price time to adjust to a new equilibrium level and 

smooths out the short-term endogenous movements. The net oil price measure then only reflects the 

big oil price increases that reveal the exogenous effects to the oil supplies (Hamilton, 1996). Several 

other researchers furthermore support this non-linear, economic relationship
3
.  

3.2 Theory on Net Oil-Exporting Countries  

The main share of studies performed on oil price effects on the economy concerns net oil-importing 

countries. In more recent time, there has been an increased focus on net-exporting countries, and 

how these economies are affected by changes in the oil price.  

Lorde, Jackman and Thomas found in 2009 that the economic activity in Trinidad and Tobago was 

profoundly affected by the oil price. The oil price affected the economy through the channels of 

                                                           
3
 See ex. Bernanke, Gertler and Watson (1997) and Lee, Ni and Raati (1995) 



20 
 

investments, government consumption and the general price level. As a small, open and oil-

producing country, Trinidad and Tobago had higher GDP and government expenditures when there 

was a positive shock in the oil price (Lorde, Jackman, & Thomas, 2009). Farzanegan and 

Markwardt (2009) found confirming results for Iran, where the positive effect worked through the 

channels of industrial output, inflation, and imports. 

Studies regarding GDP and government expenditures have given indications that the effects from 

oil price changes is different among oil-exporting nations. The differences in the effects makes it 

hard to generalize over net-exporters the same way as is common among net-importing countries. 

Bjørnland (2000) shows findings that confirm this: an increase in the oil price has a positive effect 

on the Norwegian economy, while the economy in the United Kingdom
4
 is affected negatively. She 

writes that net oil-exporters with similar characteristics react differently, showing how important 

the economic structures in a country are. The reaction depends on for example macroeconomic 

policies regarding debt, inflation rate and social security costs. In addition, the quantity of oil 

exported and the share of the economy it constitutes, affect the reaction.  

Jiménez-Rodríguez and Sánches find results that are in line with Bjørnland. In a paper published in 

2005, they analyzed OECD countries with similar economic development and examined how they 

responded to changes in the oil price. They find that net-importing countries are negatively affected 

by a rise in the oil price, while the two net-exporting countries examined react differently. United 

Kingdom reacts negatively to an oil price increase, while the Norwegian economy reacts positively 

to an oil price increase, as Bjørnland also found. These findings confirm that there might be 

contradicting results between net-exporting countries. The channels in which the oil price affect 

GDP are found to be through industrial output, investments and consumption (through disposable 

income). Furthermore, they argue that the positive effect in net-exporting countries from increased 

revenue as results of higher oil price is mitigated by a rise in the exchange rate (Jiménez-Rodríguez 

& Sanchez, 2005). This phenomenon is called the Dutch Disease, and lessens the competitive 

power of other exporting industries in the country (The Economist , 2014).  

  

                                                           
4
 Examined as a net-exporter 
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3.3 Models of Consumption  

Consumption has become one of the most studied of the aggregate relationships, and has, as seen in 

section 2, been modelled in different ways over time. In 1987, Robert F. Engle and C. W. J. 

Granger presented their theory of cointegration. It was firstly introduced in “Some properties of 

time series data and their use in econometric model specification” by Granger in 1981. It was 

discussed further by Granger and A. A. Weiss in 1983, before the full theory was presented by 

Engle and Granger in 1987. Cointegration means that at least one of two variables must granger 

cause the other. It means that there is an error correction representation of the data
5
. In their paper, 

Engle and Granger find such a long-term equilibrium between income and consumption, making 

income an obvious component of the consumption function (Engle & Granger, Co-integration and 

Error Correction: Representation, Estimation, and Testing, 1987).  

In Norway, it has become common to model consumption on variables such as disposable income, 

net wealth and interest rate. For a long time, it was common to include only income as the 

explanatory variable. Eitrheim et.al (2002) show how these models broke down after the de-

regulation of credit markets in Norway at the end of the 1980s (The Parliament, n.d.) and a 

following boom in consumption (Eitrheim, Jansen, & Nymoen, 2002). 

P. Anders Brodin and Ragnar Nymoen included wealth in their model in 1992. Earlier, the tax 

values of houses had been used as a proxy for wealth, but this turned out to be misleading in several 

ways. The tax values of dwellings were usually lower than the market value and did not follow the 

movements in the market the same way, which is relevant for housing. Brodin and Nymoen, 

therefore, constructed their own model where the financial wealth and real wealth of households 

were split into separate variables. They used the housing prices as a proxy for the housing wealth, 

multiplied with the housing stock. Their analysis shows that capital gains affect consumption in the 

same manner as income when it is received. They additionally tested for cointegration and found 

one cointegrating relationship between income, consumption and wealth (Brodin & Nymoen, 1992). 

Their finding of a cointegrating relationship between these variables is supported by several others, 

among them Lettau and Ludvigsson (2001) and Sousa (2008). Sousa furthermore finds that the 

effect of non-stock wealth on consumption is higher than the stock-market wealth effect. 

                                                           
5
 The theory of cointegration will be further explained in section 6.2.1 

https://econpapers.repec.org/RAS/pny28.htm
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The model of Brodin and Nymoen was supported by Jansen (1992). He wrote that the parameters in 

the model were stable also outside the original sample and that the model forecasted well out of 

sample. Magnussen and Moum (1992), on the other hand, disagreed and wrote that the model did 

not have “theoretical foundation”. Furthermore, they meant that the de-regulation of the credit 

markets was an institutional break that affected the behavioral of the consumers and the model 

could not be valid both before and after the break. They additionally argued for including the real, 

after-tax interest rate. Most central in their disagreement, however, was the wealth variable. They 

meant it did not reflect the actual price for consumers, especially the house prices included 

(Magnussen & Moum, 1992).  

The opposition between Brodin and Nymoen and Magnussen and Moum resulted in two different 

“schools” of research, where Magnussen and Moum include a structural break around 1985. This is 

before the beginning of the dataset analyzed in this thesis, but shows the importance of considering 

breaks in the data set and considerations around the wealth variable. 

A break to consider within the sample of this thesis is around the financial crisis in 2008. Andersen 

et al. (2016) find that the consumption of private households in Norway had a weak development 

after the crisis, both in a historical perspective and compared to other countries. After the financial 

crisis, they find that the primary drivers of consumption are income and wealth (Andersen, Husabø, 

& Walle, 2016). According to Gudmundsson and Natvik, one of the reasons for the weak 

development in household consumption in Norway can be increased uncertainty after the financial 

crisis (Gudmundsson & Natvik, 2012).  

3.4 Mehra and Petersen (2005): The Oil Price Effect on Household Consumption  

As the relationship between oil price changes and GDP, and models of consumption have been 

discussed, it is furthermore interesting to examine the effect of oil price on GDP through the 

consumption channel. 

Yash P. Mehra and Jon D. Petersen were the first to do empirical work on consumption under 

standard macroeconomic context. They did research on the negative effect of oil price increases on 

real GDP in the United States
6
, through consumption. They model consumption based on the life-

cycle model of consumption by Modigoliani and Brumberg (1954), as presented in section 2. The 

adaption of the life-cycle model was first presented in Mehra (2001). In the paper of Mehra and 

                                                           
6
 A net-importer of oil  
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Petersen from 2005, they add the oil price and interest rate to the consumption function from Mehra 

(2001). They furthermore examine consumption using Hamilton’s net oil price increase as an 

alternative measure. The interest rate is included both to examine the direct effect of changes on 

consumer spending, and to control for potential influence of changes in the oil price on monetary 

policy. A common argument for this is that the negative effect of oil price shocks on real GDP 

growth might as well be due to the monetary responses to them, not the oil price shocks themselves. 

The paper identifies income and wealth as main determinants of private consumption. Their 

findings furthermore support the previous results that oil price changes have significant effects on 

GDP (also through consumption) and the theory of asymmetric effects of oil price changes. They 

investigate whether the asymmetric relation also holds at consumption level, and find that it does 

(Mehra & Petersen, 2005).  

Mehra and Petersen further discuss the different channels in which the oil price affects 

consumption. An increase in the oil price might affect consumption through allocative channels, as 

consumers allocate their consumption from some sectors or goods to others. Large purchases and 

irreversible investments in energy-intensive products and sectors might be postponed to a time 

where the consumers are more certain about the energy prices. This is in compliance with the 

arguments of Mork. The postponement may have a non-linear effect on consumption, as demand 

might increase for some products and decrease for others. This effect occurs when it becomes costly 

to reallocate capital and labor between sectors that are affected differently by shocks in the oil price. 

The allocative effects might therefore be both negative and positive for consumption, as demand 

increase for some goods and decrease for others. Changes in the oil price may also affect the 

consumption through income and income-transfer channels. If the oil price increase, there might be 

a transfer of income from the net oil-importing countries to the net-exporting nations. Finally, 

changes in the oil price may also affect the consumption through real-balance channels. An increase 

in the oil price may raise the overall price level, and reduce the real-money balance of firms and 

consumers, which could lead to a reduction in consumer spending. The central bank could then 

interfere by adjusting the monetary policy to the price changes. The monetary policy channel then 

affects the consumption through the interest rate and the money supply.  

According to Mehra and Petersen, the asymmetric relation between oil price and consumption arises 

as an oil price increase is likely to reduce GDP as all three channels (income-transfer, real-balance 

and allocative) work to decrease the aggregate demand in the short run. In contrast to this, a 
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potential decline in the oil price might not have the equivalent positive effect on GDP because the 

real-balance effects and income-transfer effects are offset by the negative impacts of the allocative 

channel. The central banks also usually react asymmetrically to changes in the oil price by 

tightening the policy in response to an increase in the price, but not necessarily implement an 

expansionary policy of the oil price decrease. One should keep in mind that Mehra and Petersen 

analyzes an oil-importing country. Hence, some of the effects discussed may be different from the 

analysis in this thesis, but the channels discussed are still applicable for an oil-exporting country. 

The empirical work of Mehra and Petersen constitutes the main theoretical framework of this thesis. 

They examine the relationship between consumption, income and wealth using cointegration and 

error-correction methodology. This methodology means they find a long-run equilibrium between 

consumption and the two economic determinants income and wealth. To account for deviations 

from this long-run equilibrium, they include an error correcting term in the model that is a mean 

reversion to the equilibrium. Their adaption of the life-cycle model furthermore makes two 

assumptions: The first is that the expected future labor income is proportional to expected current 

labor income. The second is that planned consumption depends on past, known values of income 

and wealth, as the planned values of income and wealth are not observable. The model accounts for 

the effect of time by including lagged values of the variables in the regression. Their estimated, 

short-term equation is hence:  

               
 

                            

          
 
                    

 
              

 
                       

Where; 

      is lagged values of changes in income   

      is lagged values of changes in net wealth 

      is lagged values of changes in consumption 

             is lagged vales of changes in the oil price  

       is lagged values of changes in the interest rate  

    
 

      is the gap between actual and planned consumer spending in the previous period   

 

and           
 

                                     

The gap between actual and planned consumption from the previous period is the error correcting 

term in the error correction model. As equation 3.2 illustrates, planned consumption only depends 

upon the known values of income and wealth. The gap therefore arises from failing to take other 
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variables, such as oil price and interest rate, into account when planning consumption. By including 

the difference as an error correcting term, the model returns to its long-run equilibrium.  

In figure 3.1 below, the findings of previous literature are summarized. The column to the right 

indicates the channels that are discussed in the paper. Some of the papers analyze which channels in 

which the oil price affects the economy or consumption, and others what other channels that might 

affect consumption. It can be seen that the channels that in which the oil price affects the economy 

often turns out to be through inflation, industrial output and investments.  

 

Figure 3.1 - Summary of the findings in section 3 – Literature Review (Compiled by authors)  
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4. Background Information    

The objective of this section is to provide background information about the subject studied in this 

thesis. Section 4.1 presents the history of the oil industry in Norway and the management of the oil 

revenues. Further, section 4.2 provides information about the financial crisis and its effect on the 

Norwegian economy. Lastly, section 4.3 presents the historical developments of the oil price.  

4.1 The Oil Age of Norway 

Norway is one of the largest exporters of oil per capita in the world, and the petroleum industry is 

the most important industry in Norway. Since the beginning of the production on Norwegian 

continental shelf (NCS) in the 1970s, the petroleum industry has contributed to a value creation to 

the Norwegian gross domestic product (GDP) of approximately 13,000 billion Norwegian Kroner 

(NOK) as of January 2018. The government carefully manages the oil revenues to make sure they 

benefit not only today's society but also the future generations of Norway (Ministry of Petroleum 

and Energy, 2018).  

4.1.1 The History of the Norwegian Oil Industry  

“One can ignore the possibility that there will be coal, oil or sulfur on the continental shelf along the 

Norwegian cost” was stated in a letter to the Ministry of Foreign Affairs in Norway from the 

Geological Survey of Norway (NGU) in 1958 (Norwegian Petroleum, 2018). However, after 

findings of gas in Groningen in the Netherlands in 1959, people started to speculate if there could 

be hydrocarbons in the North Sea after all. In 1962, the American oil company Phillips Petroleum 

sent a letter to the Norwegian government asking for permission for exploration of oil in the North 

Sea. The Norwegian government did not want to give one company exclusive access to the NCS. 

They decided that if the site was to be opened for exploration, more companies should be allowed to 

enter. A new law was stipulated in 1963, which proclaiming governmental sovereignty over the 

NCS; the state was the landowner, and only the King could approve exploration and extraction 

(Ryggvik & Smith-Solbakken, 2018).  

In March 1965, an agreement was reached between Norway and the United Kingdom to divide the 

continental shelf according to the equidistance principle
7
. In December, a similar agreement was 

reached with Denmark. As the boundary lines between the countries were established before the 

                                                           
7
 Equidistance principle is a legal concept that states, if the distance between the coast of two nations is less than 400 

nautical miles, the sea area between the countries, will be divided in two (Wikipedia, n.d.). 
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first findings of oil, it was easier to clarify which state the resources belonged to in fields bordered 

by the countries (The Norwegian Oil and Gas Association, 2017).  

In the same year, production licenses were introduced. The licenses became an essential element of 

the long-term resource management by the authorities regarding exploration on the NCS. From 

1965 and throughout 2017, a total of 461 permits have been awarded. A production license gives a 

company or a group of companies the right to investigate, conduct exploration drilling and extract 

petroleum within a geographic area and provide the licensees the ownership of the oil for the license 

period. The licenses are valid for ten years and are targeted towards exploration activities and 

include a mandatory working program, as it is considered important that the companies spend the 

time of the license period efficiently. To ensure that the companies move forward with production, 

the firms have to pay an area fee per square kilometer of the area the license covers for the time 

they do not spend on active exploring or production. There are still unopened areas on the 

continental shelf, and before licensing rounds can start here, the Parliament has to make an official 

decision to open them based on the assessment of the resources and the impact on the environment 

(Norwegian Petroleum, 2018). A map showing the status of the licensing position on the NCS (as of 

March 2018) can be seen in Appendix 1.  

In the summer of 1966, the first well was drilled by the oil company Esso, but no oil was found. 

The following year, the first discovery of oil on the NCS was made, but the Norwegian oil 

adventure did not truly begin before 1969. Just before Christmas, Phillips Petroleum informed the 

Norwegian government of the finding of the Ekofisk oil field, which would turn out to be one of the 

largest oil fields ever found at sea (Norwegian Petroleum, 2018). The production from the Ekofisk 

field started in 1970, and the following years, several other significant findings were made. The oil 

fields Statfjord, Oseberg, Gullfaks, and Troll were some of the more extensive findings. They are 

still all essential for the development of petroleum activities in Norway (Ministry of Petroleum and 

Energy, 2018). 

Exploration and extraction of the first large oil- and gas fields on the Norwegian continental shelf 

was in dominated by foreign companies in the early days. The Norwegian government wanted to 

create a Norwegian business environment for the oil industry, and wanted the industry to be a 

bigger part of the Norwegian economy. One key action to make this happen was the establishment 

of the Norwegian state oil company, Statoil, in 1972 (Ryggvik & Smith-Solbakken, 2018). Statoil 

was given two mandates from the Norwegian government that were to ensure that the largest 
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possible share of the revenues from petroleum activities on the NCS remained in Norway. The first 

responsibility was to manage the ownership interest of the state in the oil fields. The second was to 

develop an organization capable of managing all technological challenges for finding oil, building 

necessary installations and operating oil production. During 1973, Statoil achieved this goal of 

becoming an integrated operative oil company. Competing with Phillips Petroleum, Statoil secured 

ownership control over the pipeline network from the Ekofisk field to the Norwegian continent. 

Furthermore, in the 1970’s, Statoil was given ownership of at least 50 percent of all new oil fields 

(Ryggvik & Smith-Solbakken, 2018). In 1981, Statoil became the first Norwegian company with 

operating responsibility of a field (Statoil ASA, 2018).  

Statoil was partially privatized in 2001, when the company was listed on the Oslo and the New 

York Stock Exchanges, decreasing the ownership of the state from 100 to 67 percent. In 2017, 

Statoil was one out of 43 companies (Norwegian and foreign) active on the NCS (Norwegian 

Petroleum, 2018). Statoil has remained the largest operator, and accounted for almost 70 percent of 

oil and gas production on the NCS in 2017 (Statoil, 2018).  

 

Figure 4.1 – Oil production in Norway from 1970 to 2017 (Norwegian Petroleum, 2018) 

Figure 4.1 shows the oil production take-off in the 1970s. During this time, the government 

understood the importance of controlling the oil business and imposed stricter oil policies. This led 

to the establishment of the Petroleum Directorate in 1971 and the introduction of “The Ten Oil 

Commandments”. The purpose was to ensure that the oil and gas resources would benefit the entire 

Norwegian community (Norwegian Petroleum, 2018). The Petroleum Directorate is responsible for 

long-term technological and geological analyzes that are needed by the government to ensure the 

best possible management of the Norwegian oil industry. The ten commandments summarized what 

the government wanted to achieve with its future oil policy. National management and control, the 
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development of the Norwegian oil environment and participation from the state, were important 

factors for the oil policy in the 1970s (The Norwegian Oil and Gas Association, 2017). Figure 4.2 

below provides a summary of The Ten Oil Commandments. The commandments in their full 

wording can be found in Appendix 2.  

 

Figure 4.2 - The Ten Oil Commandments (Norwegian Petroleum Directorate, 2010) / (Compiled by authors) 

Before the first findings of oil on the Norwegian continental shelf, GDP per capita in Norway was 

lower than an average western country. Today, the picture is entirely different, as Norway now has 

the fourth largest GDP per capita in the world (OECD, 2016). The crucial role of the oil and gas 

industry for the strong growth in the Norwegian economy can be seen in figure 4.3 on the next 

page. The importance is due to the high volumes of production of oil in Norway, as well as the 

significant increase in the oil price since the beginning of the Norwegian oil age (Olsen, 2015). 

Furthermore, the sector employs a substantial share of the Norwegian workforce. In 2016, about 

seven percent of the workforce was employed in the petroleum industry or related industries 

(Norwegian Petroleum, 2018) (Statistics Norway, 2018). Crude oil, gas, and condensate constitute 

about 47 percent of the Norwegian freight transport, and oil, gas, and pipeline transport accounts for 

about 26 percent of total Norwegian export. Hence, the oil industry is significant for Norway as a 

net export country (Norwegian Petroleum, 2018).  
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Figure 4.3 - Petroleum sector’s share of GDP, exports, investments and revenues (Norwegian Petroleum, 2018)  

The drop in the oil price in recent time has however affected the Norwegian economy negatively, 

which is shown by the decline in several measures shown in figure 4.1 and 4.3. The production has 

dropped significantly, as well as the net government cash flow from petroleum activities and the 

sector’s share of GDP. The recent declines and the impacts will be discussed in following sections.  

4.1.2 Management of the Oil Revenues  

Petroleum-related activities today constitutes the largest industry in Norway measured in value 

creation, government revenue, investment, and export value. The way Norway manages its 

petroleum revenues also ensures that it benefits all Norwegians, both today and in the future. The 

industry is of great importance for the Norwegian economy, and for funding of the welfare society 

in Norway (Norwegian Petroleum, 2017). One of the main elements of the petroleum revenues for 

the Norwegian government is through taxes and fees from petroleum activities on the NCS. Taxes 

and fees are mainly related to taxes on the surplus from the companies extracting petroleum. 

Companies operating on the NCS pay a special tax of 54 percent for the use of natural resources, in 

addition to regular corporate tax of 24 percent. This results in a marginal tax rate of 78 percent of 

the profit (Norwegian Petroleum, 2017). The high tax rate is to some extent offset by tax 

deductions, such as fast tax depreciation, an immediate expense of all exploration cost and tax 

deduction on financial expenses improving the attraction of companies (Alnæs & Haugland, 2018). 

Furthermore, the petroleum revenues of the Norwegian state also consist of operating profit from 

the State’s Direct Financial Interest (SDFI), which was established in 1985. The SDFI is a portfolio 

of the state-own shares of production rights and licenses on the NCS. It is mainly through the 
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Figure 4.4 - The net government cash flow from         

petroleum activities (Norwegian Petroleum, 2017) 

imposing of high taxes and the distribution of 

permits that the Norwegian government 

remains in control of, the resources available, 

and the management of the revenues. The last 

central element of the state's petroleum 

revenues is the return from the ownership 

interest in Statoil. With Statoil being the most 

significant producer on the NCS, this interest 

provides substantial revenue to the state 

through dividends and, if necessary, sale of 

shares (Statistics Norway, 2013). The division of the elements of the net government cash flow 

from petroleum activities from the beginning of the oil adventure, can be seen in figure 4.4. 

Until the 1990s, the oil revenues were mainly used to pay for all the investments that needed to be 

done in the early ages. The expansion of oil fields, continued exploration drilling and pipelines for 

transport of oil and gas to the continent required major investments for the companies involved. The 

Norwegian government knew from the beginning that the petroleum activities would have limited 

duration. To ensure that the oil earnings would benefit future generations, an oil fund was 

established in 1990. It was first named the Government Petroleum Fund, but later changed its name 

to the Government Pension Fund Global (Ryggvik & Smith-Solbakken, 2018).  

4.1.2.1 The Government Pension Fund Global  

The Government Pension Fund of Norway consists of two entirely separate sovereign wealth funds: 

The Government Pension Fund Norway and The Government Pension Fund Global. The first entity 

is a national insurance fund, which manages the financial resources of the National Insurance 

Scheme in Norway (Ministry of Finance, n.d.). This fund is managed completely separate from the 

oil fund, known as the Government Pension Fund Global (GPFG). Norges Bank Investment 

Management (NBIM) manages the revenues from the petroleum industry on the behalf of the 

Ministry of Finance in Norway, and is the formal owner of the fund on behalf of the Norwegian 

people. GPFG was established as a fiscal instrument to secure the long-term value of the 

government’s petroleum revenues. As of the end of 2017, the value of the fund was NOK 7,952 

billion, shown in figure 4.5 on the next page, which represents approximately NOK 1.5 million per 

registered person in Norway (NBIM, 2018).  
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Figure 4.5 - The market value of GPFG in NOK (NBIM, 2017) 

The fund was established to give the government more leverage in economic policy in difficult 

times, with for instance falling oil prices, a decline in the mainland economy or higher pension 

payments due to an aging population. The fund is intended as a tool to deal with such financial 

challenges and to be a buffer for the government. At the same time, the fund is set up with a long-

term investment horizon and has restrictions when it comes to withdrawal, even though higher 

spending is allowed if necessary for the economy (NBIM, 2018). The financial crisis in 2008 is an 

example of a period of economic difficulties where the authorities increased governmental spending 

(Bjørnestad, 2013). Compared to other OECD countries, the impact of the financial crisis on the 

Norwegian economy was limited, and the recovery was fast. The overall GDP in the OECD area 

fell by 5 percent from mid-2008 to mid-2009. In Norway, the GDP fell by less than half of this 

during the same period. This can, at least partly, be attributed to the accumulated petroleum 

revenues in the oil fund and the spending of these (OECD, 2012). This will be further discussed in 

section 4.2.  

Together with the return on the assets of the fund, the government’s net cash flow from the 

petroleum industry is directly put into the GPFG. A fund withdrawal is made each year to cover the 

oil-adjusted government budget deficit (Ministry of Finance, 2017). The oil-adjusted government 

budget deficit is the budget balance excluding revenues and expenses from the petroleum activities 

and is hence an underlying measure of the use of the oil revenues on the national accounts (Ministry 

of Finance, n.d.). Over time, the maximum withdrawal from the oil fund should correspond to the 
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real return of the fund. An expected real return of three percent is today assumed (Ministry of 

Finance, 2017). 

       

Figure 4.6 - Structural non-oil deficit and budgetary rule    Figure 4.7 - Petroleum revenues and 

fund  (Ministry of Finance, 2017)        returns (Ministry of Finance, 2017)   

The maximum spending of the three percent expected real return is called the budgetary rule. This 

rule determines how much of the oil revenues that can be spent by the Norwegian government each 

year. It was implemented in 2001 to impose discipline on the spending of oil revenues in order to 

maintain the strong economic position of Norway in the future. This means that the government 

budget can allow for a deficit of approximately three percent of the capital in the fund when you 

exclude the revenues and expenses from the petroleum activities (Ministry of Finance, 2017). The 

budgetary rule was changed from four percent to three percent in 2017, due to the lower return on 

investment for the oil fund in recent years, as well as expectations of a more moderate return in the 

future (Gjerstad, Riise, & Buanes, 2017). Historically, however, the spending of the oil revenues 

has mostly been lower than the total return and revenues of the fund, as seen in figure 4.6 and 4.7. 

The withdrawals from the fund have been lower than the growth, as a result of great increase in the 

value of the fund (Hovland, Skarvøy, & Aarø, 2017).  

NBIM aims to exploit the two features of the fund when managing; its long-term perspective and 

significant size, to create high returns and secure the wealth of future generations of Norway. The 

goal of GPFG is to have a diversified portfolio of investments, with the highest possible return, and 

a distribution of the risk. The investments of the fund are allocated between equities, fixed income 

and unlisted real estate investments. These are spread across most markets, countries and currencies 

to achieve a broad exposure to global growth and value creation, with a long investment horizon. 

The mandate states that the investments are to be made outside of Norway to increase the 
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diversification and reduce the exposure to the Norwegian market (NBIM, 2016). The first capital 

injection from the Norwegian government to the fund was in May 1996. By the end of the third 

quarter 2017, the fund had received a total of NOK 3,351 billion and achieved a total return of NOK 

3,814 billion. From the establishment and until today, the annual return of the fund has been four 

percent, after deducting management cost and inflation (NBIM, 2017). Figure 4.8 below shows the 

annual and accumulated annualized return in percent.  

 

Figure 4.8 - The annual and accumulated annualized returns of GPFG (NBIM, 2017) 

In the following sections (4.2 and 4.3), an overview of greater incidents that have caused volatility 

in the oil price and significant movements will be provided. 

4.2 The Financial Crisis  

In September 2008, the global bank Lehman Brothers filed for bankruptcy due to the high level of 

defaults on subprime mortgages. The liquidation was the largest filing in the history and created 

even more panic in the market, especially as the expectations were that the central bank would save 

such large banks. The bankruptcy created a domino effect through the global financial system. 

Companies cut spending, as the credit line was cut from the banks, and both business and consumer 

confidence plunged (Elliott, 2011).  

The crisis became global and spread to all corners of the world, including Norway. Before the 

crisis, the Norwegian economy was doing well. The employment market was tight, and the growth 

in wages was high, the oil price was above USD 130 per barrel, and Norwegian export was good 

(Bruce, 2010). The GDP was on a steady increase and optimism was high: 
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Figure 4.9 - GDP in NOK million (Datastream) and CCI (Datastream) in Norway  (Compiled by authors) 

Consumer spending was also at a high level, and several consumers spent more than they earned. 

Figure 4.10 below illustrates the ratio of consumption to income and wealth to income. The ratio of 

consumption to income peaks in June 2006, where the average household spent 1.07 times their 

disposable income. This contributed to an increase in the growth of debt, which was also brought on 

by high growth in housing prices. The summer of 2008, the key interest rate was almost six percent, 

and the central bank warned about inflation and high capital exploitation (Bruce, 2010).  

 

Figure 4.10 - The ratios of wealth to disposable income (Statistics Norway) and consumption to disposable income 

(Statistics Norway) in Norway (Compiled by authors) 

As the figures above shows, the financial crisis hit Norway during the summer of 2008. Consumer 

confidence plunged, and the GDP flattened out. The banks cut their credit lines and export began to 

fall (Bruce, 2010). The unemployment increased, and the slowdown in the economy caused the 

ratio of consumption to income to decline. In contrast to this, the rate of wealth to income continues 

to increase, and even more around 2009. The rise in the ratio of wealth to income combined with 
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the decline in consumption to income implies that the consumers increase their saving in contrast to 

spending. These changes can also be seen in the context of decreasing consumer confidence. The 

consumers experience a higher degree of uncertainty and save their funds instead of spending them. 

This may indicate that the consumer behavior change somewhat at the financial crisis.  

The Norwegian government considered themselves well prepared for a financial crisis. According 

to the Minister of Finance in 2008, Kristin Halvorsen, “(Norway) is better prepared than several 

other countries to accommodate an international setback. Our economy has a great ability to adapt 

and sufficient room to take action”
8
 (Ministry of Finance, 2008). Several different measures to 

accommodate the crisis were introduced. Norges Bank supplied liquidity into the market through 

so-called “bank packages” to enable the banks to maintain their ability to give credit to the 

households (Billington, 2015). Two different funds were introduced: Statens Finansfond (“the 

Government Finance Fund”) and Statens Obligasjonsfond (“the Government Bond Fund”) to 

contribute capital to the banks and to buy Norwegian obligations (Ministry of Finance, n.d.). Norges 

Bank also cut the key interest rate to stimulate consumer spending. By the summer of 2009, the rate 

had been reduced to 1.25 percent (Billington, 2015). Finally, governmental expenditure was also 

increased massively. From 2008 to 2009, the spending of oil revenues rose from 72 billion NOK to 

120 billion NOK (in 2017 prices), an increase of 67 percent. The spending constituted 4.2 percent 

of the fund capital, compared to the spending of 2.7 percent in 2008 (Hovland, Skarvøy, & Aarø, 

2017). Revenues from the Government Pension Fund Global was a crucial factor in the Norwegian 

recovery from the crisis. 

The measures taken by the Norwegian government turned out to be efficient. Already in 2010, 

Norges Bank began to reverse the cuts in the interest rate and, as figure 4.9 shows, the consumer 

confidence was back at high levels. The two special funds, Statens Finansfond and Statens 

Obligasjonsfond, were both discontinued in 2014 when 27 out of 28 banks had repaid the funds 

(Ministry of Finance, 2014). Compared to other economies, Norway was hit mildly and experienced 

a rather quick recovery. Figure 4.11 on the next page substantiates this by comparing the consumer 

confidence index of Norway and the United States. The American consumer confidence reached 

approximate pre-crisis levels in 2015, four years later than Norway.  

                                                           
8
 Authors’ own translation  
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Figure 4.11 - CCI in Norway and the U.S. (Datastream) / (Compiled by authors) 

4.3 Historical Developments in the Oil Price  

The financial crisis greatly affected the oil price negatively through a slowdown in demand 

following the decline in economic growth. The movements in the oil price are driven by both 

changes in supply and demand and by the expectations to the price (The Economist, 2014). 

Historically, several different disturbance factors have moved the oil price through these channels.  

When speaking of the oil price, one might refer to several different prices. In general, the oil price 

usually refers to the spot price of a barrel of crude oil in United States dollar. The different prices 

then represent different qualities and types of crude oil. The most common benchmark 

prices/indexes to refer to are the Brent Blend (Brent), West Texas Intermediate (WTI), Dubai Crude 

and the OPEC
9
 reference basket. Several other benchmarks exist, and which to use depends on 

which price that affects each specific trade or economy. 

The background for the different benchmarks is that crude oil is of different composition and 

quality depending on the location of extraction. The Brent benchmark is the price of barrels of oil 

that is extracted from fields in the North Sea and is, therefore, the most relevant benchmark price 

for Norway (Ministry of Finance, 2017). It is also the primary benchmark for crude oil sold in 

Europe and Africa and makes up more than half of the traded supply of crude oil in the world 

(Investopedia, n.d.). As the most relevant benchmark price for Norway is the Brent, this is the 

benchmark referred to as the oil price in this thesis. However, as one can see from figure 4.12 on the 

next page, Brent, the WTI, the OPEC basket price and the Dubai Crude are all closely correlated. 

                                                           
9
 Organization of the Petroleum Exporting Countries (OPEC) is an organization with 14 oil-exporting developing 

countries. The intention is for the members to have unified petroleum policies and stabilize the oil markets to have an 

efficient, economical and regular supply of petroleum.   
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The movements in Brent discussed in the following has therefore historically been mirrored by 

other oil price benchmarks from the whole world.  

The first peak in the oil price seen in figure 4.12 below represents the Gulf War (also known as the 

Second Gulf War). The Iraqi invasion of Kuwait August 2 1990 lead to an upturn in the oil prices 

from around USD 18 per barrel before the invasion to USD 40 per barrel in the late fall. The 

invasion caused uncertainty about the production, leading the market to expect a reduction in 

inventories. The occupation lasted for seven months, and the price initially fell back to roughly 

USD 21 per barrel as other major producers shipped in their oil (Silk, 1991). This event illustrates 

how geopolitical conflicts impact the oil price through supply, demand and expectations. As the 

figure illustrates, the years between 1990 and 2002, do not exhibit the same volatility.  

 

Figure 4.12 - Historical development of the price of crude oil in USD/barrel (Datastream) / (Compiled by authors)        

From January 2002 to August 2006, the Brent rose by more than 280 percent. The price surge lead 

to a sharp rise in the activity of the Norwegian petroleum sector. As figure 4.3 in section 4.1.1 

shows, oil as a share of export rose to one of its highest levels in the history, from about 45 percent 

in 2002 to more than 51 percent in 2006. The percentage of state revenues also rose to a peak, from 

24.5 percent in 2002 to 35.7 percent in 2006 and the share of GDP followed the same movement. 

The activity boost in the petroleum sector created significant spillover effects to the Norwegian 

economy (Brander, Brekke, & Naug, 2013) and both GDP and consumer confidence rose, as can be 

seen from figure 4.9 in section 4.2. 
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The oil price hit an all-time high of above USD 140 per barrel the summer of 2008, before the 

global recession strikes, and consumers all over the world cut their spending. The decline in 

economic growth and the drop in demand that followed had a tremendous negative impact on oil 

prices. By February 2009, the oil price had declined to USD 40 per barrel (Kristopher, 2015) 

(Investopedia , n.d.). 

4.3.1 Recent Development  

After the oil price bottomed out at USD 40 per barrel, the economic recovery in the aftermath lifted 

the prices back above USD 100 per barrel. However, in the second half of 2014, the prices of crude 

oil again began to drop, and from June to December, decreased by more than 40 percent. Increased 

production of oil in the United States and Canada, illustrated in figure 4.13 on the next page, led to 

cuts in the import from other countries, herby affecting both the supply and demand for oil in the 

world. According to the United States Energy Information Administration (EIA), the production in 

the United States rose by about 45 percent from 2011 to 2015 and by 25 percent in Canada. This 

equals an increase of approximately five million barrels per day, while an increase of only one 

million per day is said to have significant effects on the oil price. At the same time, the growth in 

demand only equaled about 4 million additional barrels per day, creating an enormous oversupply 

(McCain, 2015).  

In addition to the increased production in the North American countries, Saudi Arabia and the other 

oil nations around The Persian Gulf were unwilling to cut in their production. Saudi Arabia 

accounts for almost one third of OPEC production and could have reduced the world oversupply 

drastically by reducing in their production. However, as Saudi Arabia and Iran produce at a much 

lower cost level than the American and Canadian producers, and both have high oil reserves, they 

can tolerate lower prices. This means they benefit more by driving the American and Canadian 

producers out of the market (The Economist, 2014).  

On top of this, the economic growth slowed down in China, the world’s largest net-importer of oil 

(McSpadden, 2015). In 2015, the energy demand in China grew by 1.5 percent, which is the lowest 

growth rate since 1998. The economy is maturing and the huge growth in the past 20 years is 

flattening out (Shepard, 2016). By the second quarter of 2016, the Chinese oil demand growth was 

the weakest since the financial crisis in 2008, as illustrated in figure 4.14 below (Kjus, 2016).  
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    Figure 4.13 - U.S. and Canadian crude oil production in    Figure 4.14 - YoY Chinese oil demand growth  

    million barrels (EIA)/(Compiled by authors)                            (DNB Markets) 

The dramatic drop in the oil price in 2014 reduced the Norwegian oil revenues significantly. As the 

largest export industry in the country, the decline in the oil revenues largely affected the Norwegian 

economy. Figure 4.1, 4.3 and 4.4 all illustrate the negative effect the drop in the oil price had on the 

economy. The production fell, the petroleum sectors’ share of GDP fell and the net government 

cash flow from petroleum activities dropped Graphed in figure 4.15 below to the left, is the 

unemployment as a percentage of the workforce. The graph exhibits a clear upwards trend from 

2014, illustrating the layoffs that followed the drop in the oil price.  

   

Figure 4.15 - Unemployment as a percentage of the workforce (Statistics Norway) / (Compiled by authors) 

The decreasing prices hit the oil- and oil-service industries on the west coast of Norway especially 

hard. Illustrated in figure 4.15 above to the right, is the employment in the petroleum sector by 

county in Norway in 2014. It shows clearly that the largest shares of employees in the sector are 

employed in the two west coast counties Rogaland and Hordaland. Eight out of ten companies in 

the industry, located at the west coast, were affected negatively, and the unemployment reached its 

highest level in ten years (Akhtar, 2015). The impact of the drop is to a great extent local, which is 
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one of the main differences from the oil price drop during the financial crisis. Furthermore, the 

decrease in 2014 was a consequence of a pure oil crisis, while the financial crisis comprised the 

whole financial sector. The local effect of the oil price on the west coast region in Norway caused 

the measures taken by the government to differ somewhat from the financial crisis. As can be seen 

from figure 4.6, the structural, non-oil deficit is almost at the three-percent budgetary rule, 

indicating that the governmental spending increased, but not as much as during the financial crisis. 

Instead, measures were taken to get unemployed engineers employed (Teknisk Ukeblad, 2015). 

The oil price started to rise in beginning of 2016. Growth in the non-OPEC production stalled, 

which had significant effects on the over-supply in the market. Even though the oil inventories were 

still high, the prices were lifted by the expectations of lower inventories in the future (Kjus, 2016). 

From January 1 2017, OPEC, Russia and other independent producers also agreed to cut output by 

approximately 1.2 million barrels per day (Soldatkin, Gamal, & Lawler, 2016). The agreement 

intended to cut further in the oil glut to push the prices upwards, and according to a Reuters survey, 

the members achieved a reduction of 82 percent of the promised cut in January. This deal 

contributed to sending the price towards USD 56 per barrel, drifting upwards from the 12-year low 

the year before (Lawler & Gamal, 2017).  

 

 Figure 4.16 - Brent oil price and OPEC production (Wingfield, Dodge, & Sam, 2018) 

In May 2017, OPEC and Russia agreed to continue the cut in production to March 2018, and in 

November 2017, they decided to extend the cuts again throughout 2018. The cuts have been 
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effective so far, as inventories have decreased globally and the price has increased by more than 20 

USD per barrel, as shown in figure 4.16. Now the goal is to have the oil stocks back at the five-year 

average by the third quarter of 2018 (Hurst, Wardany, & Razzouk, 2017).  

In Norway, the consumer confidence is once again at high levels, after following the oil price down 

in 2014 and the unemployment as a percentage of the workforce also declining. These movements 

can be seen from figure 4.9 and 4.15 respectively. By the beginning of May 2018, the oil price has 

reached its highest level since 2014. The announcement of Trump the 8 of May that the Unites 

States has withdrawn from the Iran nuclear agreement
10

 sent the price above 76 USD per barrel 

(Nysveen & Breivik, 2018). The agreement affects the oil export of Iran, which again influences the 

oil price.  

Despite the slightly positive trend the past two years, it is still questioned whether the oil price will 

ever reach the levels before the drop in 2014. Several analysts suggest that the oil price has hit a 

"new normal" with an average price of between USD 60 per barrel and USD 80 per barrel 

throughout 2018 (DiChristopher, 2018) (Wasberg, 2017) (Bjerknes, 2017). The question then 

remains how this affects oil-exporting nations, such as Norway.  

  

                                                           
10

 Agreement between Iran and a group of world powers reached in 2015 to limit the nuclear activities in Iran (BBC, 

2018) 
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5. Data Description  

This section explains the variables included in this thesis in section 5.1, as well as the treatment of 

the dataset which is seasonal adjustment, treatment of outliers and logarithmic transformation in 

section 5.2, 5.3 and 5.4, respectively. Finally, the robustness check is presented in section 5.5.  

5.1 Description of Variables   

 

Figure 5.1 - Key statistics for all variables (Statistics Norway) / (Datastream) / (Compiled by authors)  

 

Figure 5.2 - Correlation coefficients (Statistics Norway) / (Datastream) / (Compiled by authors) 

The data in this thesis is mainly extracted from Statistics Norway and Thomson Reuters Datastream 

(Datastream), as well as Bloomberg and Norges Bank. The dataset contains observations from 1990 

throughout 2017 on a quarterly basis, which yields over 100 observations for each variable. 

Quarterly data is used to capture as detailed movements as possible in the dataset. Monthly or daily 

observations could be considered more ideal, but the availability prevents this option. The first 

quarter of 1990 is set to be the first observation due to limited access to statistics before this date on 

several of the variables. The last observation in our dataset is the fourth quarter of 2017. All the data 

variables are downloaded in nominal terms and converted into real terms by dividing by inflation, 

measured by the Consumer Price Index (CPI). This index is calculated as the change in the average 

price level of a basket of consumer goods and services (Investopedia, n.d.). It is downloaded from 

Bloomberg on a quarterly basis, where the fourth quarter of 2006 is the index year. Furthermore, all 

data is on a per capita basis, where the total data is divided by the recorded population each quarter, 

which is retrieved from Datastream.   
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5.1.1 Consumption and Disposable Income  

The variables household consumption and disposable income are obtained from Statistics Norway. 

Household consumption is found on a quarterly basis for the whole period of interest in this 

analysis. Disposable income is only available in quarterly numbers from 2002. However, total 

annual data is available prior to this. Interpolation is therefore used to divide the total annual 

disposable income before 2002 into four quarters each year.  The trend from 2002 to 2017 shows 

that the weight of each quarter is increasing throughout the year. That is, the first quarter has the 

least weight and the fourth quarter carries the most weight of the total disposable income each 

respective year. The average is taken of the weight of each quarter on the annual disposable income 

from 2002 to 2017 to determine the distribution of the total annual disposable income into four 

quarters on the years before 2002. These weights are then used to distribute the total yearly data 

from 1990 to 2001 to four quarters every year. For example, the average weight of all Q1s on 

annual disposable income from 2002 – 2017 is used to determine the weight of each Q1 for every 

year before 2002. This method is believed to be the most accurate method to divide a total annual 

disposable income to each quarter of the year.  

 

Figure 5.3 – The natural logarithm of the ratio of consumption to income (Statistics Norway) / (Compiled by authors)  

Figure 5.3 above shows the log of the ratio of household consumption to disposable income for the 

whole period used in this analysis. At the beginning of the 2000s, the disposable income was higher 

than the household consumption, which is shown by the negative ratio. This is a result of a very 

high income growth in these years. However, in 2005 the consumption relative to income increased 

and reached its peak in 2006. The figure above illustrates further that consumption as a share of 
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disposable income has declined since the financial crisis in 2008. As discussed in section four, 

estimations done by Andersen et al. (2016) from 1994-2015 suggest that increased limited access to 

loans and more uncertainty about the economic development has reduced consumption after the 

financial crisis. Households save more of the disposable income to secure themselves for unknown 

risks in the future, which reduces consumption and increases the net wealth of households. 

(Statistics Norway, 2017). The drop in 2015 is due to high wages compared to consumption that 

year (Statistics Norway, 2015).  

5.1.2 Net Wealth  

The net wealth variable in the dataset is measured as the net worth of households (Mehra & 

Petersen, 2005). This data is retrieved from Statistics Norway, and the net wealth consists of three 

components; housing wealth, financial wealth and debt: 

                                                         (       

A study done by Landsem (2016), shows that financial wealth in the long run is a more substantial 

element of consumption, compared to housing wealth. There are conflicting arguments whether the 

housing wealth should be included in the wealth variable as a determinant of consumption. The 

conflict is due to housing wealth being assets that can be invested with the purpose to hold an entire 

lifetime. Hence, the market value of the house may not affect consumption (Case, Quigley, & 

Shiller, 2005). Moreover, several studies show that the changes in housing prices can affect 

consumption through different channels. On the one hand, it gives more room for consumption, but 

on the other hand, increase housing prices increases the opportunity cost of housing services, which 

negatively affect consumption (Buiter, 2010). However, after the financial crisis, there has been an 

increasing focus on the housing wealth effect on consumption (Davis, 2011). Several studies have 

shown the importance of including housing wealth in the wealth function. For instance, households 

can free up resources by moving from a larger to a smaller house, and then use these resources 

either to increase savings or consumption (Iacoviello, 2011). The financial crisis reflected the 

importance of housing wealth on total wealth, and hence consumption for households. Due to this, 

household wealth is included in the net wealth variable used in this thesis.  

As mentioned in the literature review in section 3.3, after the financial deregulation and a following 

consumption-boom in the mid-1980s, consumption models in Norway and the rest of the world 

broke down. These consumption models only included income as the explanatory variable 

(Eitrheim, Jansen, & Nymoen, 2002). As a result, Brodin and Nymoen (1992) included a wealth 
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variable in their consumption model. There were attempts to include housing wealth in wealth 

functions earlier, but the tax value of houses was used. This value is usually significantly lower than 

the market value of houses and hence do not show the relevant wealth for the households. Due to 

lack of decent time series data on wealth for Norway from Statistics Norway, and no availability of 

market values of houses, Brodin and Nymoen created their own wealth variable. This variable is 

shown in equation 5.1.2 below, where Lt is the household sector’s liquid asset, and CRt represents 

loans by banks and financial institutions for households, which together equals the net financial 

wealth. Further, PHt is housing prices, PCt is a private consumption expenditure deflator, and Kt is 

the volume of the residential housing stock, which then equals the net household wealth.   

                   
  

  
 
 
                          

However, in 2010, market values of private houses were introduced in the wealth statistics in 

Norway, as a result of the significant difference between the tax value and real market value 

(Statistics Norway, 2014). Private homes have become an essential asset for Norwegians, and are 

estimated to represent almost 65 percent of the gross wealth of Norwegians. As the average tax 

value constitutes only 20 percent of the market value, it is argued that using tax values of private 

dwellings do not show a representative picture of Norwegian wealth. Statistics Norway has 

developed a model to estimate the most accurate market values for private homes in their wealth 

statistics (Epland & Kirkeberg, 2012). This model is not accessible and an adjustment for values 

before 2010 therefore needed to be conducted manually. Before 2010, the tax value of private 

dwellings is used in the official statistics. There is an overlap in 2010 and 2011 between the two 

different measurement methods, and it is, therefore, possible to quantify how much higher the 

housing wealth were in these two years when including market values instead of tax values. An 

average of the difference in 2010 and 2011 is then used as a scale factor to get the approximate 

value of the housing wealth using market values for the years before 2010. The scaling is shown in 

figure 5.4 on the next page, where the dashed line is the tax values scaled up to market values. 
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Figure 5.4 - Market value of housing wealth (Statistics Norway) / (Compiled by authors) 

Using the wealth model created by Brodin and Nymoen (1992) could have been an alternative. 

However, being unable to separate the total household debt into financial- and housing debt, this 

was not an option in this thesis. The study of the wealth and income effects on consumption in 

Norway done by Landsem (2016) apply the model of Bordin and Nymoen (1992). However, an 

approximation of the debt portfolio of house- and financial wealth needed to be done in Landsem 

(2016). As an estimate had to be done, either way, we believe the approximation performed in this 

thesis is the best for the analysis being conducted.  

    

Figure 5.5 - Approximation of net wealth (Statistics Norway) / (Compiled by authors) 

Before 2004, a less accurate survey of the net wealth of Norwegian households was performed 

every other year over the period, and the number of households in the study was lower than the 

surveys conducted later. There is an overlap between the two different measures in 2004, and the 

difference is used as a scale factor to get this data to be comparable to the components in the net 

wealth after 2004. The dashed line in figure 5.5 above shows the scaling and is conducted for all 

elements of net wealth, and the figure for housing wealth can be found in Appendix 3.   
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Figure 5.6 - Cubic spline interpolation of the net wealth components (Statistics Norway) / (Compiled by authors) 

After all data on net wealth was approximated to be comparable, it needed to be converted from 

annual to quarterly data as only annual data is available. The annual data is the balance at the end of 

the year for each component of the net wealth and is hence assumed to be the value of the fourth 

quarter each year. Unlike the data on disposable income, where the annual disposable income was 

the total income that year and could simply be divided into four quarters, the components of the net 

wealth are accumulated. The yearly data points are the value of the balance at the end of each year, 

hence the value of the fourth quarter every year.  Due to this, the interpolation method is different 

for net wealth. The estimation of quarterly data is done by cubic spline interpolation to get estimates 

of the data between the known annual data points, i.e., the fourth quarter data points each year.  The 

cubic spline interpolation is a smoothing approach between two data points and uses the latest data 

point to forecast the next data point based on information about the future (Columbia Economics, 

L.L.C, 2010). A VBA code was created in Excel to estimate the quarterly data points between the 

real annual data. This estimation is shown in figure 5.6, where the black dots are the known yearly 

data points and the blue points in between are the points created by the cubic spline interpolation. 

This technique is believed to be the best way to estimate quarterly data points between two annual 

points. The black line in figure 5.6 is the net wealth, which is measured by equation 5.1.1, and is the 

sum of housing wealth and financial wealth, less debt, for each quarterly data point.   

This cubic spline interpolation approach does, however, have some weaknesses. At the end of the 

series, only the past information is available, not the future (Office for National Statistics, n.d.). The 

wealth statistics for Norwegian households are not available for 2017. The statistics are based on 
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administrative records from the Directorate of Taxes and the tax records for 2017 are not completed 

before October 2018. The interpolation method is consequently not applicable between the annual 

data points of 2016 and 2017. The quarterly data for 2017 is therefore based on the average 

quarterly growth rate over the whole sample period for the respective components of net wealth.  

5.1.3 Oil Price  

 

Figure 5.7 - Development of the Brent oil price (Datastream) / (Compiled by authors) 

The Brent oil price is the most relevant price for Norway, as this refers to the oil price of barrels 

from oil fields in the North Sea. This data is retrieved from Datastream, which again has used EIA 

as a source of information. The price is quoted daily in USD per barrel. The data is however 

downloaded from Datastream on a quarterly basis, as this is relevant for this thesis. The 

development of the Brent oil price is shown in figure 5.7 above, and the movements in the oil price 

were described more in detailed in section 4.3.  

5.1.4 Interest Rate  

The interest rate used is the key policy rate from Norges Bank, the most important monetary policy 

tool of the central bank. Changes in the interest rate usually have a high impact on the short-term 

interest rate in the money market as bank's deposit and lending rates (Norges Bank, n.d.). From 

Mehra (2001) to Mehra and Petersen (2005), one of the modifications made was to include the 

short-term interest rate in the consumption equation, as explained in section three (Mehra & 

Petersen, 2005). The key policy interest rate is retrieved from Statistics Norway on a quarterly 

basis, to match the rest of the dataset.  
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Figure 5.8 - Development of the interest rate (Statistics Norway) / (Compiled by authors) 

As seen from the graph in figure 5.8 above, the key policy interest rate in Norway has had some 

fluctuations over the sample period, and are today at significantly lower level than at the beginning 

of the 1990s. To reduce the effect of the financial crisis in 2008, Norges Bank implemented several 

measures to increase the liquidity of the Norwegian banking system. One of these measures was to 

cut the key interest rate in Norway, and it was reduced stepwise from 5.75 percent in September 

2008 to 1.25 percent in September 2009 (Norges Bank, 2010). At the end of 2009, Norges Bank 

decided to increase the interest rate to 1.50 percent due to the rise in the Norwegian economy and 

high inflation, as well as lower unemployment than expected (Norges Bank, 2009). After a gradual 

increase to 2.25 percent in second quarter of 2011, Norges Bank decided to reduce the interest rate 

again due to a lot of uncertainty in the world economy, even though the Norwegian economy was 

doing well with high oil investments and housing prices (Norges Bank, 2011). The rate has been 

reduced further, to the level of 0.50 percent today. However, the Governor of the Central Bank of 

Norway, Øystein Olsen, stated in March 2018 that it is expected that the key policy rate will be 

increased later this year. However, due to the risk and uncertainty, it will be kept at the low level of 

0.50 in the nearest future (Norges Bank, 2018). Norwegians have a high degree of debt compared to 

other industrialized economies. This makes the consumers vulnerable to an increase in the interest 

rate, as the loans become more expensive. However, after the financial crisis, the requirements for 

housing loans has become stricter. For example, individuals in Norway have to be able to handle an 

increase in the interest rate of up to five percent to be granted a loan. It should, however, be 

commented that there are conflicting opinions regarding these effects, as many analysts still believe 

that an increase in the interest rate will have a substantial negative impact on the debt holders in 

Norway (Takla, 2017).   
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5.2 Seasonal Adjustment 

Time series often exhibit seasonality, which means periodic fluctuations in the data, and it is often 

preferred to remove these seasonal patterns to analyze the underlying trend of the time series better. 

There are several graphical methods to identify seasonality; look at the plotted time series, seasonal 

subseries plot, box plots and autocorrelation plots (NIST, n.d.). In this thesis, plots of the time series 

and statistical software are used to detect seasonality and can be found in Appendix 4 for all 

variables. It is determined that only the income and consumption variables exhibit seasonality, and 

hence need to be seasonally adjusted. It can be discussed whether the oil price also should be 

deseasonalized. Some studies find empirically that the price rise during the summer as a result of 

gasoline demand, but starts falling towards October (Gordon, 2016).  However, this is not visible in 

the detection in this analysis and seasonally adjustment would not affect the variable. Seasonal 

adjustments are hence not performed on this variable, as shown in Appendix 4. 

There are several techniques to adjust a time series seasonally. One standard method is to include 

seasonal dummy variables to deseasonalize the economic time series (Gujarati, 2004). In this thesis, 

a software package for seasonal adjustment available in the R-studio software
11

 is applied. The X-

13ARIMA-SEATS seasonal adjustment program is produced and maintained by the United State 

Census Bureau. The software combines and extends the capabilities of the older version X-12-

ARIMA, as well as Tramo-Seats, developed by the Bank of Spain (US Census Bureau, n.d.). The 

software performs a weighted average procedure on the values that correspond to the same month 

or quarter, and this removes the irregular components. At the same time, it allows for the seasonal 

elements that correspond to the same month or quarter of the year to change over time.  

  

Figure 5.9 - Seasonal adjustment of consumption (left) and income (right) (Compiled by R Studio) 

                                                           
11

 The statistical software applied in this thesis 
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The seasonally adjusted time series for consumption and income are shown in figure 5.9 on the 

previous page. The black lines are the raw data, and the blue lines are the seasonally adjusted. The 

seasonally adjusted data are the data used in the analysis, and the data referred to when referring to 

the consumption and income variables.  

5.3 Treatment of Outliers 

Extreme observations should be accounted for as this is not desirable in an econometric study. The 

unlikeliness of outliers is one of the assumptions in a linear regression model, as this makes the 

estimated regression misleading. In cross-sectional data, outliers are removed from the dataset when 

detected (Stock & Watson, 2012). When working with time series, on the other hand, it is not 

possible to remove data points, as they have chronological importance. Therefore, other methods 

must be applied. It is also essential to identify any shifts in the mean of the variables. The X-13-

ARIMA software detects both level shifts (LS) and outliers (AO), and according to the software, the 

income and oil price are the two variables where this is present, as shown in figure 5.10 below. The 

income variable has two level shifts, and the oil price has one outlier and one level shift. The oil 

price has one level shift at the time of the financial crisis. A robustness test will be performed to 

check for the effect of this crisis. A further discussion in done section 5.5. 

  

Figure 5.10 - Outlier detection of income (left) and Brent oil price (right) (Compiled by R Studio) 

Dummies can be introduced to handle the extreme observations. Depending on the type of outlier, 

two types of dummies can be included; impulse dummy or step dummy. Impulse dummies are used 

for one extreme value, while step dummies are used when there is a shift in the mean (Sjo, 2010). 

Hence, impulse and step dummies were created and included in the dataset to account for the 

outliers and level shifts. Despite this, the method did not affect the results of the analysis in this 
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thesis. As dummies also reduce the degrees of freedom
12

 in the model, the dummies are eliminated 

from the model.  

5.4 Logarithmic Transformation  

A logarithmic transformation is a common practice in economic time series. There is a difference 

between “log” and natural log, “ln”. However, in this thesis only natural logarithms are used and 

hence “log” or the “log function” denotes the natural logarithm throughout this thesis. Log-

transformation is useful as the variance becomes more constant and linear. Furthermore, the 

interpretation of the variables becomes easier (Brooks, 2008).   

                                        

                                       

                                           

Equation 5.4.1 is a linear-log model, where a one percent change in X is associated with a 0.01   

change in Y. The second equation, 5.4.2 is a log-linear model where a one-unit change in X is 

associated with a 100*   percent change in Y. Lastly, equation 5.4.3 exhibits the log-log model, 

which is the elasticity of Y with respect to X. This means that    is the percentage change in Y 

associated with a one percent change in X (Stock & Watson, 2012). Except for the interest rate, all 

variables in the dataset of this thesis are log-transformed. The interest rate is the only variable not 

log-transformed as it is already presented in percentage and a transformation would not be 

necessary. Beyond this point, when referring to the variables from the dataset in this thesis, it is the 

log-transformed variables, unless otherwise stated. For example, when referring to consumption 

variable that is the log-transformed consumption variable.   

5.5 Subsample and an Alternative Oil Price Variable  

The time series in the data set will be subsampled to examine the robustness of the result across 

different periods and with an alternative oil price variable. It is of interest to subsample the time 

series at the financial crisis, due to the change in the consumption behavior around 2008. As studies 

presented in the literature review in section 3.3 suggested, the consumption of households was weak 

in Norway after the financial crisis (Andersen, Husabø, & Walle, 2016). The ratio between income 

and consumption illustrates this, as was discussed in section 4.2 and section 5.1.1. Figure 5.3 shows 

                                                           
12

 DF = N – k – 1. Degrees of Freedom is defined as the sample size (N) minus the number of variables (k) and minus 1 

(Stock & Watson, 2012) 
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that consumption has decreased relative to disposable income since the crisis, which corresponds 

with the increasing trend in net wealth relative to income. Households increase their savings as 

opposed to spending. The Brent oil price
13

 also dropped significantly during the time of the 

financial crisis, as discussed in section 4.3. Furthermore, the level shift in the oil price was 

discussed in section 5.3, which represents the shift that happened in the oil price at the time of the 

financial crisis. The effect is still visible in Norway, even though Norway recovered from the 

financial crisis significantly easier than other countries. As a result of this, the dataset is subset into 

two subsamples: subsample 1 (1990 Q1 to 2008 Q2) and subsample 2 (2008 Q3 to 2017 Q4). These 

are illustrated in figure 5.11 below. Mid-2008 is chosen as the division point between the two 

periods, as this was when the oil price reached its all-time high. The subsampling is used as a 

robustness check, to analyze whether the model is stable and accurate when excluding the financial 

crisis. Furthermore, it is conducted to investigate whether the effect of oil price on consumption has 

changed for Norwegian households after the financial crisis. It should be pointed out that subsample 

2 yields few observations, as the period is less than ten years. Hence, it is difficult to draw any 

conclusions based on this subsample. However, an indication of whether the behavior has changed 

can be commented. This analysis will be presented in section 7.1.  

 

Figure 5.11 - Subsampling periods (Compiled by authors) 

A second robustness check is conducted by using an alternative variable in the regression. As 

presented in the literature review in section 3.1, Hamilton introduced an alternative measure of the 

oil price in his paper from 1996. The variable is called net oil price increase (NOPI), and will only 

reflect the major oil price increases which reveal exogenous effects. NOPI aims to compare the 

                                                           
13

 Not log-transformed 
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change of the oil price from the previous four quarters to the current quarter, not just the previous 

year, to reveal the most significant peaks. This variable is calculated using the following equation: 

                                                               

Equation 5.5.1 shows that the net oil price increase is the maximum of zero and the difference 

between the change in Brent for quarter t and the maximum value of the change in the oil price 

achieved over the former year (Hamilton, 1996).  

Calculating equation 5.5.1 based on the Brent price yields the following graph:   

 
Figure 5.12 - Change in Brent each quarter and the NOPI measure (Compiled by authors) 

The blue line in the graph in figure 5.12 above, displays the change in Brent each quarter over the 

sample period. The black line shows NOPI, calculated by equation 5.5.1. NOPI is used as a 

robustness test to analyze whether the results change significantly when using oil price increases 

that are not just corrections of movements from earlier periods. The NOPI variable is based on the 

logarithmic transformation of the Brent variable. Hence, when referring to NOPI, it is already 

transformed in to log. The study done by Mehra and Petersen (2005) finds that the asymmetric 

relation holds for consumption in their model. The analysis of the effect of changes in the oil price 

on changes in household consumption using NOPI instead of Brent, can be found in section 7.2.  
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6. Econometric Theory and Empirical Results 

In the following section, the econometric theory that creates the fundament of the analysis will be 

presented, followed by estimation methods and empirical results of the analysis to be performed. 

The overall objective is to test whether changes in the oil price affects aggregate consumption of 

private households in Norway. First, the assumption of stationarity in time series is tested in section 

6.1. Following this, the possibility of cointegration between the variables is examined in section 6.2, 

before the final model is specified in section 6.3. Next, Granger causality between cointegrated 

variables and control variables is inspected in section 6.4, and diagnostic tests on the specified 

model are showed in section 6.5. Impulse response functions are conducted in section 6.6 to 

interpret the results of the model specified, and finally, the forecast error variance decomposition of 

the dependent variable is presented in section 6.7. 

6.1 Stationarity  

Stationarity is a key assumption when working with time series, as this is a requirement when 

performing several econometric techniques on time series data. The following section is based on 

time series econometric theory as presented in Gujarati (2004) unless otherwise stated. The theory 

of stationarity is first presented in section 6.1.1, followed by the general presentation of tests for 

stationarity in section 6.1.2. The results of the tests are presented in section 6.1.3.  

6.1.1 Theory of Stationarity  

Usually, covariance stationarity or so-called weak stationarity is required. Weak stationarity means 

that the time series exhibit a constant mean, constant variance and that the covariance only depends 

on the time difference, not the point in time: 

                                                             

                                                                      

                                                                 

Where; 

  is symbolizing expectations  

  is the mean of Y  

   is the variance of Y   

   is the covariance at lag k between the values of    and     .  

If the time series comply with these assumptions, the probability distribution of the time series does 

not change over time. The time series will tend to return to its mean, and the fluctuations around its 

mean (measured by the variance) will exhibit small variations. If this is not the case, the time series 
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is said to be nonstationary, causing the behavior to change over time. A change in the behavior of 

the time series makes it impossible to generalize from one period to another. Nonstationarity 

furthermore has several other problematic implications in time series modeling. Examples are non-

normal distribution of the t-statistic, the autoregressive coefficients are biased towards zero, the 

impossibility of forecasting and spurious regression
14

. Nonstationarity is common in economic time 

series, which is why it is essential to analyze the time series before modeling. In the following 

sections, weak stationarity will be referred to as stationarity.  

Time series can be nonstationary because of a break in the population regression function
15

, or as a 

result of trend in the data. A trend can either be stochastic (unit root) or deterministic, where a 

stochastic trend is a random walk and non-predictable, while a deterministic trend is a function of 

time. The specification of the time series becomes essential before the series is further analyzed.  

A random walk is the simplest specification of nonstationary stochastic processes: 

                                    

Where; 

     is the one-period lag of Y 

   is the error term, which follows a white noise process  

The model shows that the value of Y at time t is equal to the value in the previous period plus a 

random shock. The mean of    is constant, but as t increases indefinitely, the variance increases as 

well, violating the condition of stationarity.  

While    is nonstationary, equation 6.1.5 below shows that the first difference of a random walk 

time series is stationary: 

                                         

When the first difference of a nonstationary variable is stationary, the variable is said to be 

integrated of order one, I(1).  

A time series may also follow a random walk with drift: 

                                     

The model shows that    is determined by the drift parameter,   , and the value of the previous 

period. When the time series exhibit drift, both the mean and the variance increase over time, again 

                                                           
14

 We will come back to spurious regression in section 6.2.1.1  
15

 As discussed in the data description in section 5. 
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violating the assumptions of stationarity. This shows that the random walk with drift is a 

nonstationary stochastic process.  

                                     

                                    

Where; 

  is time measured chronologically  

Conducting the first difference of equation 6.1.6, one can see that the drift parameter and a random 

shock determine the change in   , showing that the time series would tend to move in one direction. 

The direction depends on whether the drift is positive or negative: 

                                           

Once again, equation 6.1.9 also shows that differentiating makes the time series    stationary with a 

drift parameter.  

Thirdly, a time series may exhibit a deterministic trend:  

                                   

Although the mean,       , is not constant over time, the variance is, which means that the 

parameters in the model are known, and the mean can be correctly forecasted. Therefore, if the 

mean is subtracted from   , the result is stationary. This procedure is called de-trending and results 

in trend stationarity. 

Finally, a time series may follow a random walk with drift and deterministic trend: 

                                        

When taking the first difference of equation 6.1.11, it is clear that the change in    is driven by a 

drift parameter   , a time component t and a white noise process error term   : 

                                    

That is,    (undifferentiated) is nonstationary, and the first difference,    , is trend stationary with 

drift.  

6.1.2 Tests for Stationarity  

When testing for stationarity, it is common to apply several different methods. Economic intuition 

in combination with graphical methods are used as a first step. The line plots and autocorrelation 

functions of the variables are examined before more formal tests are conducted. The (Augmented) 

Dickey-Fuller unit root test is performed followed by the Kwiatkowski-Phillips-Schmidt-Shin Test 
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for stationarity to detect whether the time series are stationary or not. After stationarity tests are 

executed, the specification of the time series determines how to process the variable to fulfill the 

requirement of stationarity.  

6.1.2.1 Line Plots  

Before formal tests are performed, a good starting point is to examine the graphic plots of the time 

series. These plots give an initial indication of the nature of the time series. For example, an upward 

trend indicates that the mean of the series has changed over the time and that the variable is 

nonstationary. This example has proven to be true in several economic time series.  

6.1.2.2 Autocorrelation Function (ACF) and Correlogram 

Autocorrelation is defined as “correlation between members of a series observations ordered in 

time” (Gujarati, 2004). It means that there is a dependence between the disturbance term in one 

period and the disturbance term in the next: 

                                          

The autocorrelation function (ACF) at lag k is called   : 

    
  

  
 

                   

        
                     

The covariance at lag k is the covariance between values of    and     , which means the 

covariance between two Y-values with k periods apart. The autocorrelation,   , is a unit-less and 

pure number between -1 and 1 (as any other correlation coefficient). An autocorrelation of -1 or 1 

means that there is perfect autocorrelation, and hence trend in the data.  

When the ACF is plotted against the lags, the population correlogram is obtained. In practice, only a 

sample of the full population is available, and the sample correlogram is plotted using the sample 

covariance at lag k,    , against the sample variance,    . The sample ACF equation is shown below.  

     
   

   
                       

The sample correlogram shows the lags of the time series and the confidence bands at each side of a 

solid line that represents the zero axis. Observations above the line are positive correlations and 

observations below are negative correlation values. A purely white noise stationary process will 

have autocorrelations at various lags that hover around zero. Opposite, a nonstationary time series 
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will have autocorrelation lags that typically start at high values and decline slowly towards zero as 

the number of lags increase.  

6.1.2.3 The Dickey-Fuller Unit Root Test  

A unit root is the same as a stochastic process, which means that if a time series has a unit root, it is 

nonstationary: 

                                             

If the time series exhibits perfect autocorrelation,    , there is a unit root in the variable, hence a 

stochastic trend and a nonstationary process. The general idea behind the Dickey-Fuller unit root 

test (DF-test) is to regress    on its one-period lagged value      and see if the regressed coefficient 

  is equal to one. For this process to be applicable in statistical software, we manipulate the 

expression by subtracting      from both sides of the expression in equation 6.1.16: 

                                                     

                                                    

Where        , and the null hypothesis tested is whether    , as this would make    16  If 

the null hypothesis is accepted, there is a unit root in the variable and    is nonstationary. Equation 

6.1.18 then becomes:  

                                       

As    is a white noise term,     is stationary, which again shows that a random walk process 

becomes stationary when conducting the first difference.  

The DF-test can be estimated in three different forms, allowing for the differences in the random 

walk process. These forms give three different forms of the null hypothesis, however, what is tested 

is whether     in all three cases: 

                                                                                       

                                                                              

                                

                                                                                       

The t statistic of the coefficient of      follows the   (tau) statistic. The critical values of the tau 

statistic test are different for each of the three specifications above, and can be found in Appendix 5. 

                                                           
16

 In the case of perfect negative autocorrelation,     , delta becomes         (Herranz, 2017).  
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If the absolute value of the computed tau statistic is greater than the absolute value of the Dickey-

Fuller critical values, the null hypothesis of a unit root is rejected.  

6.1.2.4 The Augmented Dickey-Fuller Unit Root Test  

An alternative to the DF-test is the Augmented Dickey-Fuller Unit Root test (ADF-test). If there is 

autocorrelation in the error terms of the series, the ADF-test adds lagged values of the dependent 

variable     to remove this. The number of lags included is often determined empirically, and the 

intention is to include enough lags to make the error terms serially uncorrelated. The test estimates 

the following regression: 

                           
 
                          

Similar to the DF-test, the ADF-test examines whether     and follows the same asymptotic 

distribution, which means that the same critical values can be used.  

The model specifications in the ADF-test are modified from the DF-test:  

                                                                         
 
                      

                                                                 
 
                      

                                

                                                                          
 
                     

Unit root tests, such as the DF-test and ADF-test, have “low power”. This means that the tests do 

not always reject the null hypothesis of a unit root, even when it is false. Hence, the unit root tests 

sometimes find unit root in data, even when there is none. The reasons for this is that the power of 

the test depends on the span of the data, rather than the sample size. Hence, the power of the test 

increases when the span of the data increases, and not if the sample increases. Furthermore, the tests 

assume a single unit root (that the series is I(1)), but if the time series is of a higher order, for 

example, I(2), the tests will not discover both the unit roots. Finally, if the autocorrelation in the 

residuals is approximately one, but not exactly one, the unit root test may call it a nonstationary 

series.  

6.1.2.5 The Kwiatkowski-Phillips-Schmidt-Shin Test for Stationarity  

To overcome some of the weaknesses of the unit root tests, the Kwiatkowski-Phillips-Schmidt-Shin 

Test for stationarity (KPSS-test) is also applied. This section of the thesis is built on the theory of 

Kwiatkowski et al. (1992) unless otherwise stated. The KPSS-test is a Lagrange multiplier test 

(LM-test), and tests for trend and/or level stationarity in a time series: “For almost all series we can 
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reject the hypothesis of level stationarity, but for many series we cannot reject the hypothesis of 

trend stationarity” (Kwiatkowski, Phillips, Schmidt, & Shin, 1992). The null hypothesis is, in 

contrast to the unit root tests, that    is a stationary process, which is a so-called conservative testing 

strategy. Kwiatkowski et al. consider the following model:   

                                  

                                   

Equation 6.1.27 shows that    can be decomposed into the sum of a deterministic trend,   , a 

random walk process,   , and a stationary error,   . The null hypothesis of the KPSS-test 

corresponds to the random walk component to equal zero, which leaves the stationary error and the 

deterministic trend.    is then either trend stationary or, if    , level stationary.  

The test is performed in two steps. First,    is regressed on either a constant or a constant and a 

trend component (to test for level stationarity or trend stationarity). The partial sum of the residuals, 

   , is then calculated:  

           
 
                                   

Finally, the test statistic, LM, is calculated:  

    
   

  
   

   
                              

Where; 

   
  is an estimate of the error variance from the regression of    

If the LM-test statistic is smaller than the critical values at the chosen significance level, the null 

hypothesis of stationarity cannot be rejected. The critical values can be found in Appendix 6.  

6.1.3 Estimation and Empirical Findings 

As presented in section 2.3, Hall (1978), finds that the random walk model is applicable in 

empirical studies of consumption. Through the example of the variables consumption and Brent, the 

following section goes through the application of the tests discussed above. The line plots and ACF-

plots will first be examined with these two variables, and an overview of the remaining variables 

can be found in Appendix 7. The first step in detecting potential nonstationarity is to examine the 

line plots of the variables:  
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Figure 6.1 - Line plots of consumption (left) and Brent (right) (Compiled by R Studio) 

Looking at the line plots, the upward trend in both time series suggests that the means are changing, 

which indicates that they are nonstationary. The Brent variable might look like it follows a random 

walk with drift. The series has both rising and falling periods, suggesting that the variable exhibits a 

stochastic trend. At the same time, Brent is moving in one direction, indicating that drift is present.  

The next step of the analysis is to inspect at ACF-plots, which are illustrated in figure 6.2 below: 

 

Figure 6.2 - ACF-plots of consumption (left) and Brent (right) (Compiled by R Studio) 

Both consumption and Brent have positive autocorrelations, indicating that an increase in the 

subsequent period follows an increase in the time series in period one. Both plots point to 

nonstationary time series, as the autocorrelation lags start at high values, and decline slowly towards 

zero as the number of lags increase.  

Following the informal examinations of the time series, more formal tests are applied. As explained 

in section 6.1.2, the difference between DF-test and ADF-test is that the ADF-test adds lags to 
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account for potential autocorrelation in the time series. The DF-test is implemented into the 

function of an ADF-test in the statistical software, and therefore the ADF-test is the one applied in 

the testing in this thesis. Henceforth, both tests will, therefore, be referred to as the ADF-test. 

As the table in figure 6.3 below illustrates, all variables follow the model specification of a random 

walk with drift and deterministic trend (DT), expect consumption, which is a random walk with 

drift only. These model specifications correspond to equations 6.1.6 and 6.1.10 respectively in 

section 6.1.1. As the test statistics are numerically smaller than the chosen statistical level for all 

variables, the null hypothesis of a unit root fails to be rejected for all the variables. The exception is 

the interest rate (Rate), which has a test statistic that is numerically greater than the critical value at 

the ten-percent level. This means that the null hypothesis of a unit root is rejected. The critical value 

at five percent is -3.43, which means the null hypothesis is also rejected at five-percent level. 

However, the null hypothesis cannot be dismissed at one-percent, leading to the results of 

stationarity to be somewhat weak. The unit root test substantiates the analysis made on the line plots 

and ACF-plots, showing that all variables are nonstationary and integrated of order one. 

 

Figure 6.3 - Summary of the ADF unit root test on all variables in level form (Compiled by authors) 

By definition, as presented in section 6.1.2, variables integrated of order one becomes stationary 

after differentiating. As all variables are nonstationary or weakly stationary in levels, all variables 

are differentiated. Looking at the line plots in figure 6.4 and 6.5 on the next page of consumption 

and Brent before and after taking the first difference, both time series appear stationary at first 

difference. A summary of the line plots and ACF-plots of the remaining variables in first difference 

can be found in Appendix 8.  
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Figure 6.4 – Consumption before (left) and after (right) taking the first difference (Compiled by R Studio) 

 

Figure 6.5 - Brent before (left) and after (right) taking the first difference (Compiled by R Studio) 

The ACF-plots of consumption and Brent after differentiating also indicate that the time series has 

become stationary, as the autocorrelation lags are low and hovering around zero:  

 

Figure 6.6 - ACF-plots of consumption (left) and Brent (right) after conducting the first differential (Compiled by R 

Studio) 
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After differentiating all variables, the ADF-test can be conducted again. From the test performed in 

levels, all variables followed a model specification including drift (an intercept). It can be shown 

mathematically that this disappears when the variables are differentiated. Here using the example of 

a random walk with drift and deterministic trend:  

                                       

                                           

When taking the first difference, equation 6.1.32 is subtracted from 6.1.31:  

                                                           

                                                         

Hence, the model specifications change when the tests are performed:     

 

Figure 6.7 - Summary of the ADF unit root test on all variables in first-difference (Compiled by authors) 

As figure 6.7 above summarizes, the ADF-tests indicate that all variables have become level 

stationary after differentiating. To substantiate the results of the ADF-tests, the KPSS-test is also 

performed on all variables after they have been differentiated. The model specifications in the tests 

are based on those found in the ADF-tests. A summary of the KPSS-test for stationarity is seen in 

figure 6.8 below:  

 

Figure 6.8 - Summary of the KPSS-test for stationarity on all variables in first difference (Compiled by authors) 

As the test statistics are smaller than the critical values for all variables, the null hypothesis of 

stationarity cannot be rejected for any of the time series now that they are in first difference. This 
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test once again substantiates previous finings and leads to the conclusion that all-time series are 

stationary in first-difference. From now on, when referring to the variables, they are all in first 

difference. For example, when referring to Brent, it is the Brent variable in first difference. 

6.2 Cointegration  

Nonstationary variables can be cointegrated if they are integrated of the same order, and there is a 

long-term relationship between them, i.e., an equilibrium. This relation was proven by Engle and 

Granger in 1987 and has been extensively substantiated by several theoreticians in the aftermath. 

Economic theory implies that there is cointegration between variables such as income, consumption 

and wealth
17

. This long-term relation is also found in Mehra and Petersen (2005).  

Cointegration means that the variables share the same stochastic trend, and there exists a linear 

combination between the variables that are stationary. This linear combination is represented by the 

error term in the relationship between them, which cancels out the stochastic trend in the time series 

(Gujarati, 2004). Cointegration between variables implies that nonstationary variables can co-move 

over time, meaning that there exist forces that tie the series together in the long run. There might be 

deviations from the equilibrium in the short term caused by shocks, but the difference between the 

series will return to a stable, constant value in the long run. Once again, the theory in the following 

section will be based on the book of Gujarati (2004). The method of cointegration is explained in 

section 6.2.1, the technical presentation of cointegration-tests is presented in section 6.2.2, followed 

by estimation and results in section 6.2.3.  

6.2.1 Theory of Cointegration  

Assuming that both    and    are integrated of order one, a two-variable cointegration regression 

can be exemplified as: 

                                      

If    is isolated, this gives:  

                                      

If there for some coefficient    (the cointegration coefficient),    is stationary,    and    are said to 

be cointegrated.  

                                                           
17

 See section 3, Literature Review. 
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6.2.1.1 Spurious Regression   

As all variables were found nonstationary in levels in section 6.1.3, there is a risk of so-called 

spurious regression. Sometimes variables with no expected meaningful relationship can seem like 

they share a statistically significant correlation. This relation is called a spurious regression, or 

“nonsense regression” and is an issue that can arise with nonstationary data (exhibiting a stochastic 

trend) or when the sample size is large. By regressing a nonstationary   -variable on a nonstationary 

  -variable, the regression might give a high   , indicating that there is a significant statistical 

relationship when there is not. This can be discovered by taking the first difference of both 

variables, transforming    and    to stationary variables, as is performed in section 6.1.3. If    

tends to 0 after differentiating, this proves that the regression is spurious.   

The problem of spurious regression involves that the error terms often are highly correlated and that 

the t- and F-statistic are distorted. This problem creates a risk of falsely rejecting a null hypothesis 

at a given critical value. From a statistical point of view, these issues are solved through first 

differentiation, but this again causes new problems. Differencing reduces large, positive 

autocorrelations, and can lead to false inference about the coefficients in the regression. 

Furthermore, most economic variables are expressed in levels, and by differentiating, the inference 

when testing economic theory becomes more difficult. This shows the importance of carefulness 

when analyzing variables integrated of order one (Pfaff, 2008).  

If there is suspicion of spurious regression with I(1) variables, a possibility is to test for 

cointegration. If cointegration is detected between two or more I(1) variables, the risk of spurious 

regression with the cointegrated variables is eliminated.  

6.2.2 Testing for Cointegration 

Several methods exist for testing for cointegration between variables. The Johansen test
18

 is perhaps 

known as the most sophisticated test, but the advanced mathematics behind the analysis is beyond 

the interest of this thesis. The test is, however, often built into statistical softwares. Using software, 

the test is performed in this paper to establish the number of cointegrating relations there are in the 

variables of the dataset. This information is useful when executing other methods of testing for 

cointegration. These approaches will be explained in the following sections.  

                                                           
18

 See “Statistical Analysis of Cointegration Vectors” by Søren Johansen (1988) 
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6.2.2.1 Engle-Granger Two-Step Method  

The Engle-Granger Two-Step Test for cointegration (EG-test) is a residual-based test incorporating 

the methods of the ADF-test. The first step of the analysis is to run the cointegration regression in 

equation 6.2.1 and obtain the residuals, as done in equation 6.2.2. The estimated cointegration 

equation takes the following form:  

                                     

                                      

If the variables    and    are cointegrated, any linear combination of the two variables is stationary, 

and therefore    would be stationary. The cointegration can be tested using a unit root test on the 

residuals. An ADF-test is hence performed on equation 6.2.4 and takes the following form: 

                                    

Where; 

   is the error term with white noise distribution. 

The null hypothesis is still whether    . If the null hypothesis is rejected, there is a unit root in 

the residuals, meaning that    and    are not cointegrated. In the example above, testing for 

cointegration is illustrated with a two-variable case, but the cointegration regression can be 

expanded to include K variables. However, this involves the possibility of having up to K - 1 

cointegrating relations. 

If cointegration is found between variables, the risk of spurious regression using these variables is 

eliminated, despite the variables being individually nonstationary.   

6.2.2.2 Shin Test for Cointegration 

As when testing for stationarity, the unit root tests have low power also when applied to residuals. 

Therefore, the Shin test for cointegration (Shin-test), which is based on the KPSS-test for 

stationarity, is conducted as well. The Shin-test is also a residual-based test and an LM-test that 

detects stationarity in the residuals of the cointegration regression. Similarly to the EG-test, a 

cointegration regression is estimated first.    can still be decomposed into the sum of a 

deterministic trend,   , a random walk process,   , and a stationary error,   , as in equation 6.1.27 

and 6.1.28, but the main difference from the KPSS-test is that nonstationary regressors are added 

(Shin, 1994): 
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Where; 

   and    are scalar and m-vector I(1) variables  

Second, the two-step procedure of the KPSS-test is performed on the residuals, where the null 

hypothesis again is that the random walk component is zero. If the test statistic is smaller than the 

critical values, the null hypothesis of stationarity cannot be rejected.  

6.2.3 Estimation and Empirical Findings 

As was written in the introduction of the tests, the Johansen test for cointegration is applied to 

establish the number of cointegrating relations among the variables in the data set. The test is 

performed on the log-transformed variables in levels, hence before being differentiated. It is 

conducted on the model specification of both an intercept and a trend component in the 

cointegration regression, as this is common practice. Furthermore, the model specifications from the 

ADF-tests on the variables in level indicated that all variables, except for consumption, were in the 

form of a random walk with drift and trend. Running the Johansen test using statistical software 

yields the following output:  

 

Figure 6.9 - Test statistics and critical values for the Johansen test (Compiled by authors) 

In figure 6.9 above, “r” represents the cointegration rank, which is the number of cointegrating 

relations in the data. Starting from r = 0, the null hypothesis is that there are zero cointegrating 

relations against the alternative of non-zero cointegrating relations. The null hypothesis of no 

cointegrating relations is rejected, as the test statistic is higher than the critical value. One can, 

therefore, proceed to the next null hypothesis: r   1 against the alternative hypothesis r   1. Due to 

lower test statistic than critical value at all significant levels, the null hypothesis is accepted. The 

results of the test, therefore, land on one cointegrating relation in the dataset. 

As the number of cointegrating relations is established as one, the testing can continue with the 

residual-based EG-test and Shin-test. When there is only one cointegrating relation, there is no need 

to impose restrictions on the parameters tested in the cointegration regression. In the presence of 



71 
 

multiple cointegration relations, the resulting estimates are not unique and directly interpretable. 

Restrictions have to be imposed on the cointegration coefficients to separate the estimates. As the 

Johansen test established the presence of only one cointegration relationship, this is not necessary 

(Boswijk & Doornik, 2003).  

Economic theory and previous empirical findings imply that there is cointegration between the 

variables income, consumption and wealth. The residual-based tests are therefore run based on the 

following cointegration regression:  

                                  19
 
                     

From the model, the residuals are collected, and unit root tests and stationarity tests are conducted 

to check for nonstationarity. As the residuals by assumption have a zero mean, the tests are 

performed without an intercept. Furthermore, the coefficient on time trend turns out to be 

insignificant, and the model specification for the tests are therefore without a deterministic trend.  

The test statistics are compared to the critical values given in the table in figure 6.10 below. The 

critical values of the EG-test are different from the test statistics in the ADF-test, as series of     is 

an estimated series. The critical values of the Shin-test are also different from those to the KPSS-

test. The full critical values of the EG-test and the Shin-test are found in Appendix 9 and 10, 

respectively.  

 

Figure 6.10 - Critical values of the EG-test and the Shin-test (Engle & Granger, 1987) / (Shin) / (Compiled by authors) 

Running the tests on the residuals from equation 6.2.7 in statistical software gives the following 

results: 

 

*The number of lags is the lags included by the ADF-test (in the EG-test) to ensure no autocorrelation. 
The same number of lags is applied to the KPSS (Shin)-test 

Figure 6.11 - Summary of the residual-based tests for cointegration (Compiled by authors) 

                                                           
19

 The wealth variable in the dataset of this thesis is measured as net wealth, as described in section 5.1.2 
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The EG-test results in a test statistic that is numerically smaller than any of the critical values. The 

null hypothesis of a unit root in the residuals is therefore not rejected at ten-percent significance 

level, and the conclusion is no cointegration. The Shin-test gives a test statistic that is numerically 

smaller than the critical values, accepting the null hypothesis of stationarity. The Shin-test hence 

conclude that there is cointegration between the variables.  

To sum up, the Johansen Cointegration test showed that there is one cointegrating relation among 

the variables in the dataset of the thesis. Based on the EG-test, there is no cointegration between 

consumption, income and wealth. The Shin-test, however, substantiates the results of the Johansen 

test and finds cointegration between the variables. As the EG-test favors “no cointegration” (unit 

root), there might be cointegration after all. Furthermore, as the two other tests show that there is 

cointegration, it is concluded with cointegration between the income, consumption and wealth.  

6.3 The Error Correction Model  

The presence of cointegration in a system of variables is correctly represented by an error correction 

mechanism, where the short-run behavior of a variable is reconciling with its long-run behavior 

(Engle & Granger, 1987). The error correction mechanism was first introduced by Sargan in 1984, 

and later interpreted by Engle & Granger (1987). In the long run, the mechanism corrects for 

disequilibrium present in the short run (Gujarati, 2004). This section will explain the theory behind 

the error correction model (ECM) in section 6.3.1, followed by the specification and estimation of 

ECM in this thesis in section 6.3.2.   

6.3.1 Theory  

If two variables,    and   , are cointegrated it means that there exists a long-term relationship, or 

equilibrium, between the two variables. However, in the short-run, the variables may be in 

disequilibrium. The error term in the estimated cointegration equation explained in section 6.2.2, 

can be considered as the equilibrium error. This error corrects the imbalance in the short-run to its 

long-run value (Gujarati, 2004), which is also shown in the following equations, where equation 

6.3.2 defines the error correction term (Koop, 2008).  
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After defining the error correction term, the representation of the error correction model is as 

following 

                                          

Where; 

     is the lagged value of the error term from equation 6.3.2 

   is a random error term 

Equation 6.3.3 states that     depends on     and the equilibrium error term     . If the error term 

is zero, then     is in long-term equilibrium. If not, it is in disequilibrium. The coefficient,  , is 

expected to be negative to restore      to its long-term value. If      is below its equilibrium value, 

the error term is negative. Since the coefficient   is also negative, the product of   and      is 

positive and      will hence be returned to equilibrium. The opposite will happen if      is above 

equilibrium, where the product of   and     would be negative, leading      to fall in period t to 

restore to the equilibrium value (Gujarati, 2004). If the coefficient is positive, the equilibrium error 

would be magnified instead of corrected. The numerical value of the error term determines how 

quickly      returns to equilibrium. The short-run behavior of the dependent variable is also 

captured by the inclusion of the explanatory variable    . A change in    will cause a change in the 

equilibrium value of    (Koop, 2008).  

In equation 6.3.3, the simplest version of the ECM is explained. In practice, the ECM can include 

lags of both the dependent (p) and explanatory (q) variables, as well as a deterministic trend.  If 

these features were to be incorporated it would be as shown in equation 6.3.4 below (Koop, 2008): 

                                                                   

Where; 

   is the deterministic trend 

   is a random error term 

The adjustment to equilibrium is the same for the extended model as for the more simple version. 

However, a decision of the inclusion of a deterministic trend and the number of both p and q must 

be decided, which happens on the basis of information criteria and following testing procedures 

which will be explained in the following section (Koop, 2008).  
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6.3.2 Estimation and Empirical Findings  

To determine the number of lags to be included in the error correction model, Bayesian information 

criterion (BIC), Akaike information criterion (AIC) and Hanna-Quinn information criterion (HQ) 

was conducted
20

. BIC and HQ suggest one lag as the optimal lag length for the error correction 

model in this thesis, while AIC suggests two lags. The difference between AIC and the others is that 

it does not add as high penalty when adding more lags (Stock & Watson, 2012). The model is 

estimated with both lag length options, but when including an additional lag, only the second lag of 

consumption is statistically significant. Hence, one lag is the preferred lag length in this error 

correction model. Furthermore, this yields no autocorrelation in the residuals, which will be 

discussed further in section 6.5. Based on this, the following equation is estimated:  

                                                                    

                                           

Where; 

   is the current value of consumption and      is the lagged value  

     is the lagged error correction term  

   is the current value of disposable income and      is the lagged value  

   is the current value of net wealth and      is the lagged value 

     is the lagged value of the oil price Brent  

     is the lagged value of the interest rate  

In figure 6.12 below, the estimated coefficients and standard errors are presented: 

 

Figure 6.12 - Error correction model estimate (Compiled by authors) 

                                                           
20

 Explanation of the information criteria AIC, BIC and HQ can be found in Appendix 11 
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There are only three statistically significant variables in the model; the intercept, error correction 

term and the lagged value of consumption. It should also be commented that the coefficient on the 

error correction term is negative, and hence correctively signed. The error term is statistically 

significant, but the individual values of income and wealth on consumption are not. This 

insignificance may be because the cointegrating variables are only statistically significant on 

consumption in the long run. These relations will be further analyzed with Granger causality, in 

section 6.4.  

Even though not being statistically significant, the sign of the coefficient on the variables should be 

discussed. The effect of the lagged value of consumption is negative, and the impact of the lagged 

value of income is positive, which is in line with the theory of the intertemporal consumption 

models explained in the macroeconomic theory in section 2.2. Consumers smooth consumption 

subject to the budget constraint, and if consumption increases in the previous period, everything 

else equal, the consumer has less to consume the next period. Furthermore, if the income increased 

in the previous period, the consumers have more income to consume the next period and hence have 

a positive effect on consumption. Moreover, the coefficient on wealth is correctly positive, in line 

with the wealth effects discussed in section 2.2.1. According to the economic theory, everything 

else equal, an increase in wealth will have a positive impact on consumption. 

Regarding the coefficient on the interest rate, macroeconomic theory suggests that the effect of 

changes in the interest rate on consumption depends on whether the consumer is a saver or a 

borrower. As mentioned in section 2.2.1, Norwegian households have on average higher debt than 

interest-bearing wealth, and hence one would expect the coefficient to be negative, as an increase in 

the interest rate would make the debt more expensive for a borrower. In figure 6.12, one can see 

that the coefficient on the interest rate is positive and not statistically significant. As discussed in 

the data description in section 5, due to the high degree of debt, Norwegians could be vulnerable to 

interest rate changes. On the other hand, the requirements for granting loans have become a lot 

stricter in recent years. Following this, the banks are obliged to demand the customers capable of 

handling increases in the interest rate before granting loans. The low interest rates and that the 

consumer should be considered by the banks able to handle an increase in the interest rate, may be 

the reason for the positive coefficient on the interest rate, despite the high degree of debt. Hence, the 

macroeconomic theory might not be as applicable for Norwegians in this case. There are however 

conflicting opinions regarding this, as several are still convinced Norwegians would be negatively 
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affected by an interest rate increase. Furthermore, it should be emphasized that the coefficient is 

statistically insignificant, which means that the effect is not significant in either direction.    

The Brent coefficient is positive, indicating that an increase in oil price will, everything else equal, 

increase the consumption. The positive sign on the Brent coefficient is in line with expectations. As 

presented in the literature review in section 3.2, empirical results find that several net-exporting 

countries are affected positively by an increase in the oil price. Specifically, Bjørnland (2000) and 

Jiménez-Rodriguez and Sánches find that the Norwegian economy is positively affected by an 

increase in the oil price. Furthermore, the measures taken by the Norwegian government, presented 

in the background in section 4.1.2, give reason to assume that the increased revenues from a rise in 

oil prices are managed to the benefit of Norwegian consumers. The positive effect may also imply 

that the impact of changes in the oil price on Norwegian consumption works mainly through the 

income-transfer channel presented in section 3.4. As specified in section 4.1.1, the petroleum 

industry accounts for 26 percent of all Norwegian export and employs about seven percent of the 

workforce. This shows that the industry has a significant role in both the Norwegian economy as a 

whole, but also the personal economy for a considerable share of Norwegian consumers. Through 

the income-transfer channel, the revenues of the sector as a whole increase, which transfers to the 

Norwegian government as well, as explained in section 4.1.2. Besides, all employees employed in 

the industry will most likely experience an increase in labor income. 

The coefficient on Brent is however not statistically significant, despite that the oil industry is one 

of the largest industries in Norway. This insignificance is though in line with the hypothesis in this 

thesis, as the government has imposed measures to reduce the effect of fluctuations in the oil price 

on private households and the volatility in the Norwegian economy, and the impact of variations in 

the oil price does therefore not have a significant effect on consumption. The financial crisis is a 

good example of this. The oil price dropped significantly over this period, but the Norwegian 

economy recovered quickly, compared to other countries. The actions also reduced the effect on 

private consumers after the drop in the oil price in 2014, which caused the revenues from the oil 

sector do decrease dramatically and had a huge impact on the especially the west coast region of 

Norway. These measures do not only reduce the downside risk with oil price fluctuations, but also 

the upside gain for private consumers in the case of an increase.  

Another possibility for the insignificant effect of changes in the oil price on consumption may be 

that changes in the oil price might affect consumption through the other channels presented in the 



77 
 

literature review, section 3.4. These other channels may cancel out some of the effects working 

through the income-transfer channels. Through the allocative channels, the increased price of 

energy-related goods might cause the demand for such products to decrease. At the same time, 

demand for other products that are not energy-related might increase, and the total effect is 

ambiguous. Through the real-balance channels, however, the overall price level is raised following 

the increased prices of oil and oil-related products. This increase reduces the real-money balance of 

both firms and consumers and hence may cause them to cut consumption somewhat, and minimize 

the total, positive effect from the income-transfer channel. Accordingly, the insignificant variable of 

the oil price is in line with the expectations of the authors. 

In the table in figure 6.13 below, the effect of changes in oil price on consumption found in other 

papers is summarized. The column “Country” tells the countries in which are analyzed. The final 

column shows the results, where “  ” represents an increase in the oil price, “  ” represents a 

decrease, “  ” indicates that the effect on consumption is positive, and “  " tells that the effect on 

consumption is negative. If there is no upwards or downwards arrow on C, there is a significant 

effect on consumption, but the direction of the effect is inconclusive. 

 
Figure 6.13 - Summary of comparable results (Compiled by authors) 

The table shows that the results found in other papers are somewhat mixed. For example, Al-tai 

(2015) found a negative effect on consumption in Sweden if the oil price increase, while Zaman 

(2015) see no significant impact during a similar period. Similarly, Zaman and Mehra and Petersen 

(2005) also find different results for the United States, though they examine somewhat different 

time periods. It can also be seen that both Canada and Saudi Arabia are net-exporters. However, the 

direction of the effect of an oil price increase on consumption in Canada is found inconclusive by 

Zaman, while Algaeed (2017) find that the impact on consumption in Saudi Arabia is positive in the 
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case of an oil price increase and negative in the case of an oil price decrease. These differences 

between net-exporting countries are in line with the previous literature, as written in section 3.2. 

Additionally, the table shows vast differences between all the net-importing nations, despite the 

theories implying that net-importers are affected negatively by an increase in the oil price. Hence, 

the empirical results do not always correspond with economic theory and the findings in the 

previous literature. This may be because of the different number of observations, different countries 

examined, different noise affecting the time series analyzed and so forth. Economic time series 

change over time and are dynamic and complicated, making it difficult to develop consistent, 

quantitative models of economic behavior.  

6.4 Granger Causality  

When two variables are cointegrated, it is required that there is Granger causality between the 

cointegrated variables in at least one direction. That is if    and    are cointegrated, either    must 

Granger cause    or    must Granger cause   , or both (Koop, 2008). When cointegration was 

tested in section 6.2.2, the direction of the Granger causality between the cointegrated variables was 

not investigated, but this will be further studied in this section. Section 6.4.1 will present the theory 

behind Granger causality, while section 6.4.2 will present the empirical findings in this thesis. 

6.4.1 Theory  

The idea behind Granger causality is that past events can cause events happening today, but future 

events cannot. That is if event one occurs before event two, then it is possible that event one causes 

event two. But, it is not possible that event two causes event one (Gujarati, 2004). The test assumes 

that all information needed to be able to predict the causality between the variables are available in 

the time series included in the analysis. For simplicity, the augmented distributed lags-model (ADL 

model) below is used to explain the concept of Granger causality. ECM is said to be a restricted 

version of an ADL, hence very similar (Koop, 2008). 

                                            

Equation 6.4.1 suggests that the lagged value of    has explanatory power on the current value of 

the dependent variable   , and    is the measure of the influence of      on   . If this measure were 

to be zero, then the past value of    does not have any influence on the current value of   , and 

hence no Granger cause on   . When OLS
21

 is used to estimate ADL models, the hypothesis that 

                                                           
21

 Ordinary Least Squares (OSL) 
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     can be tested using the t-statistic. If the hypothesis is accepted, one can conclude that past 

the value of    does not Granger cause the current value of   . If the current value of    were to be 

included in equation 6.4.1, contemporaneous causality would be allowed between    and   . 

However, this causes some difficulties regarding Granger causality, which focuses on past values of 

  , and hence this is not tested. The regression in equation 6.4.1 is the restricted version of ADL 

with only one lag of    and   . If more lags were included, the regression would be as following 

(Koop, 2008):  

                                                            

The Granger causality hypothesis is formally stated the following way:  

                                          

                                                      

When more lags are included in the regression,      Granger causes    if any or all of the         

are statistically significant. Hence,      Granger causes    if      at some point in the past has 

explanatory power on the current value of   . In the OLS regression of an ADL model above, this 

hypothesis can be tested by using F-test of the joint null hypothesis of equation 6.4.3 against the 

alternative in equation 6.4.4 (Koop, 2008).  

The direction of the Granger causality between two variables may not be visible. If    and    are the 

two variables studied, the lagged values of      and      should be regressed on    as the 

dependent variable, in addition to equation 6.4.2. Hence, it is possible to determine the direction of 

the Granger causality. There can be distinguished between three different cases of Granger 

causality. Firstly, the Granger test may yield either unidirectional causality from    to    or from    

to   . That is, if the Granger test yield unidirectional causality from    to    in equation 6.4.2, the 

coefficients on    are statistically different from zero as a group. Secondly, the test may yield 

bilateral causality where a set of lagged   ’s and   's are statistically different from zero in both 

directions. Lastly, the analysis may yield independence, where the lagged explanatory variable is 

not statistically significant in any of the directions (Gujarati, 2004).  

For simplicity, an ADL model is used as an example. When testing for Granger causality in an 

ECM, the only difference is the extension of the equilibrium error term in the regression in equation 

6.4.2, as well as the variables being differentiated, shown in equation 6.4.5 on the next page. The 
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formal hypothesis is shown in equation 6.4.6 and 6.4.7. That is,      does not Granger cause    if 

               . Hence, the only difference from the ADL model is the inclusion of the 

error term in the conduction of the Granger test. Testing whether      Granger causes    is 

performed by reversing the roles. As mentioned, in a cointegrating relationship, there must be a 

Granger cause in one direction between the two variables. Hence, the case of independence is not 

possible between two cointegrated variables (Koop, 2008).   

                                                                                 

The Granger causality hypothesis for the ECM model is formally stated the following way:  

                                                 

                                                     

The first part of the null hypothesis shown in equation 6.4.6 is denoted to as the “short-run non-

causality”. The second part is whether the coefficient on the error correction term is zero, and called 

the “long-run non-causality”. If the null hypothesis is equation 6.4.6 is rejected, there exists a causal 

relationship between    and    in the long run (Lee, Lin, & Wu, 2002).  

In the examples of the concept of Granger causality above, only two variables have been discussed. 

There is, however, possible to extend the regressions to more than two variables. Furthermore, 

when having sets of cointegrated variables, it may be interesting to investigate the Granger causality 

between sets of variables at the same time. This concept is called block-causality and makes it 

possible to examine the long-run causal relationship between more than two variables in so-called 

“blocks” (Yamamoto & Kurozumi, 2006).  

In this thesis, the Wal-test is used as the test for Granger causality. The Wald-test is slightly more 

complicated and can test the joint hypothesis for regressions that are both linear and non-linear, 

different from the t-tests or F-tests (Koop, 2008). The test follows the chi-square distribution and 

computes the associated p-value for the chosen hypothesis test (Gujarati, 2004). One wish to reject 

the null hypothesis of no Granger causality and thus have a low p-value.  

6.4.2 Estimation and Empirical Findings  

To test for Granger causality between the variables studied in this thesis, the model used is the one 

specified in section 6.3.2, equation 6.3.5. This specification allows for testing of both short-term 

and long-term Granger causality for the cointegrated variables, as well as controlling for the other 

variables in the error correction model. This section will test for Granger causing of the variables on 
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consumption, as well as the other way around to check for the opposite direction of the Granger 

causality by rewriting equation 6.3.5 and having the relevant variable as the dependent variable.  

6.4.2.1 Granger Causality Between the Cointegrated Variables  

The results of the Granger causality test between the cointegrated variables can be seen in figure 

6.14. There is found Granger causality in all directions, except from consumption to wealth. 

However, there is a unidirectional relationship as wealth Granger causes consumption in the long 

run. This means that lagged values of wealth have explanatory power on the current value of 

consumption, but not the other way around. That is, consumption will, in the long run, be affected 

by an increase or decrease in wealth from previous quarters. That the Granger causality is present in 

the long term, but not in the short term makes sense, as it may take some time before for example an 

increase in wealth gives the consumers confidence to increase the expenditures. While, over time, 

an increase may provide consumers with a higher propensity to consume and hence increase the 

consumption. From the estimation of the ECM in section 6.3.2, one could see that the coefficient on 

wealth was positive, however not statistically significant. Hence, based on the estimates conducted, 

an increase in wealth will have a positive and statistically significant influence on consumption over 

time. Different levels of consumption do however not have any causal effect on wealth.  

 

Figure 6.14 - Summary of the Wald-tests for Granger causality between the cointegrated variables (Compiled by 

authors) 



82 
 

There is a bilateral Granger causality relationship between income and consumption in the long run. 

Hence, lagged values of both variables have explanatory power on the current value of the other 

variable. That is, based on the sign of the income coefficients from section 6.3.2, if the consumers 

earn more, they can consume more in the future, which is in line with macroeconomic theory. One 

can see that consumption Granger causes disposable income, but not wealth, in the long run. This 

relation implies that if the consumers change their current consumption, the level of disposable 

income will shift in the future, but not the wealth. Hence, if consumption at one point increases, 

disposable income would at some future point also have to increase to compensate for the higher 

level of consumption. Wealth, on the other hand, would remain at the same level as before the 

increase in consumption, also in the long run. It should be commented that consumption has 

explanatory power on income in the short term as well, however only at ten-percent significance 

level. This result is debatable, as it is hard to affect the level of income following a change in 

consumption in the short run. Consumers are often on contracts where they have an agreed salary, 

which is not negotiated in the short term. Furthermore, income does not Granger cause consumption 

in the short run, which is the reason for an insignificant variable in the estimation of the model in 

section 6.3.2. Therefore, consumers will not change their consumption behavior in the short run if 

income changes.  

Between income and wealth, there is a significant Granger causal relationship both in the short and 

in the long run. If the income level changes in the short term, it does not have explanatory power on 

consumption, and thus it makes sense that it rather has predictive power of wealth in the short run. 

This may be because a short-term change in income will not change the consumption behavior, but 

the money earned would instead be saved. The bilateral causal relationship between income and 

wealth is also present in the long run. Hence, if income changes, the individual will not only 

consume more but also save more and wealth increases. On the other hand, if past values of wealth 

changes, this has an explanatory power on the value of disposable income. One possible explanation 

for this is that an increase in wealth may give the consumers the possibility to substitute income for 

wealth. For example, a consumer may choose to invest in housing or financial assets. If these 

investments turn out profitable, the wealth will increase, and the need for a high income might 

decrease. Consumers may then choose to work less or settle for positions with lower salaries, and 

herby is the labor income affected.  
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When testing for the block-causality between wealth and income on consumption, there is Granger 

causality in the long run, but not in the short run. Hence, the two variables only Granger cause 

consumption in the long run. These results are in line with the Granger causality test of the 

individual variables, where both wealth and income Granger cause consumption only in the long 

term. It also reflects the cointegrating relation. The directions of the Granger causality relations are 

summarized in figure 6.15 below.  

 

Figure 6.15 - Direction of individual Granger causality (a) and block-causality (b) (Compiled by authors) 

6.4.1.2 Granger Causality between Brent, Rate, and Consumption   

Between the remaining non-cointegrating variables, there is no Granger causality relationship 

present between the variables and consumption. The tests are summarized in figure 6.16 below.  

 

Figure 6.16 - Summary of Wald-test of Granger causality (Compiled by authors) 

Regarding the Brent price and the interest rate variable, it is not possible to test for a long-run 

causal relationship with consumption, as there is no present long-term equilibrium between these 

variables and consumption. It makes sense that current consumption does not have any explanatory 

impact on the future price of oil or the future level of the interest rate in the short run. One could 

however believe there could exist some explanatory power from the oil price or the interest rate on 

consumption of households in future periods. As discussed in section 6.3.2, the interest rates are 

abnormally low and Norwegian households might therefore not be as affected of changes in the 
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rate. Hence, the interest rate might not have explanatory power on the future value of consumption. 

Brent, does not have any explanatory power on the next period consumption either. This is related 

to the same reasoning discussed in section 6.3.2, regarding the insignificant variable estimate.  

6.5 Diagnostics Tests 

Once the error correction model is specified and estimated, it is of interest to check whether the 

residuals fulfill the assumptions of the model. These include the absence of autocorrelation and 

heteroscedasticity in the residuals, and that they are normally distributed. If this is not the case for 

the model, the estimates may be biased and not efficient. Furthermore, the t-, F- and chi-squared-

statistics would no longer be valid. The ECM specified and estimated in section 6.3 is therefore 

examined for the fulfillment of these assumptions by applying the Breusch-Godfrey test for 

autocorrelation, ARCH-test for heteroscedasticity and the Jarque-Bera test for normally distributed 

residuals. Section 6.5.1 will explain the theory behind these tests, and section 6.5.2 will present the 

diagnostic test for the model in this thesis.  

6.5.1 Theory 

6.5.1.1  Breusch-Godfrey Test  

The Breusch-Godfrey test (BG-test) for autocorrelation is a stepwise test, based on the idea of an 

LM-test. The test is here illustrated with a two-variable OLS regression example, but several 

regressors and lagged values can be added into the model and other types of models can also be 

estimated (for example a ECM). The first step of the test is to run a regression: 

                                     

The residuals from the OLS are assumed to follow a pth-order autoregressive, AR(p)
22

, scheme: 

                                                 

Where; 

   is assumed to be white noise 

    is the lagged values of the error term  

The null hypothesis is that the coefficients,  , are simultaneously equal to zero, which means no 

serial correlation (autocorrelation): 

                                       

                                                           
22

 An Autoregressive model of order p 
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The second step of the BG-test is to regress the estimated error terms on the original   -variables 

and all the lagged values of the estimated residuals,                  :  

                                                       

The    is then obtained from this auxiliary regression and multiplied with the number of 

observations less the number of lags. The BG-test has shown that this test statistic is approximately 

chi-square distributed with p degrees of freedom: 

             
                         

If the test statistic exceeds the critical values for the chosen level of significance, the null hypothesis 

of no autocorrelation is rejected. This result would imply that at least one of the coefficients,  , is 

significantly different from zero, and there is autocorrelation in the error terms. 

6.5.1.2 ARCH Test for Heteroscedasticity  

Just as there can be autocorrelation between the error term at time t and at time (t – 1), it is possible 

to have autocorrelation between the variance at time t and its lagged value. This is known as the 

autoregressive conditional heteroscedasticity (ARCH) (Gujarati, 2004). An ARCH model with p 

lags assumes that the volatility today is dependent on the squared value of past errors, as shown in 

the following equation (Koop, 2008): 

  
            

          
                       

The properties of the ARCH model are very similar to an AR model, except that these properties 

relate to the volatility of the time series (Koop, 2008). A methodology for testing for ARCH 

residuals is an LM-test proposed by Engle (1982). The null and alternative hypothesis in Engle’s 

ARCH test are as follows:    

                                     

     
            

          
                       

Where the null hypothesis states that the coefficients on the past squared error terms,  , are all equal 

to zero, which means no heteroscedasticity in the residuals. The alternative hypothesis is that there 

are ARCH effects present in the model. The test statistics for Engle’s ARCH test are F-statistics for 

the squared residuals regression, shown in equation 6.5.6 (Engle, 1982). 
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6.5.1.3 Jarque-Bera Test  

To test whether the residuals are normally distributed, the Jarque-Bera test for normality (JB-test) is 

conducted. The test computes the skewness, the lack of symmetry in the distribution, and kurtosis, 

the tallness or flatness of the distribution (Gujarati, 2004). These measures are calculated as 

follows:  

            
      

  
                              

            
       

         
                                   

Based on this, the JB-test statistic is the following:  

      
  

 
 

      

  
                       

In equation 6.5.11 above, where n = sample size, the JB-statistic is expected to be zero for normally 

distributed residuals. This involves that the skewness, S, is expected to be 0, and kurtosis, K, 3. 

Hence, the JB-test for normality is a test of a joint hypothesis of skewness and kurtosis at its 

normally distributed values of 0 and 3. The null hypothesis is normally distributed residuals, hence 

desirable. The test statistics follows the chi-square distribution (Jarque & Bera, 1987).  

6.5.2 Estimation and Empirical Findings  

The diagnostic tests are summarized in figure 6.17 below and the p-values are applied to determine 

if the null hypothesis is accepted or not. The tests show no sign of autocorrelation in the residuals. 

However, the residuals exhibit heteroscedasticity and the error process is not normally distributed.  

 

Figure 6.17 - Summary of diagnostic tests of the model (Compiled by authors) 

This violation of the assumption of normality is however not the most serious problem for the 

estimates and test conclusions, according to Johansen (1995), but the ARCH effects may be. When 

heteroscedasticity is present in the residuals, log-transforming the variables is an option to get rid of 
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this problem. The variables in this thesis are however already transformed into logarithmic values; 

hence this option is excluded. Heteroscedasticity-consistent standard errors (HCE) are used in the 

estimation of the model and in the hypothesis tests (Koop, 2008). As the residuals are serially 

correlated, but HCE is used, the error correction model is satisfactory regarding the assumptions. 

6.6 Impulse Response Functions 

The coefficients estimated in an error correction model are difficult to interpret. It is therefore 

common to estimate impulse response functions (IRF) to explain the reaction of one variable after a 

change in another variable (Gujarati, 2004). The procedure of IRF involves complicated 

derivations, and explaining these thoroughly would be too big a digression. It is, therefore,  out of 

the interest in this thesis. Hence, the concept is explained with a simplified version in section 6.6.1 

(Koop, 2008). The estimation of IRF of Brent on consumption is presented in section 6.6.2.  

6.6.1 Theory 

An impulse response is a response to some external change from one variable to another. An IRF 

estimates the response of an unexpected shock on current and future values of a time series variable. 

The unexpected shock is in the context of time series models the error term. Consider the following 

AR(1) model: 

                                              

Which can be rewritten to the following (see Appendix 12) 

           
 
                           

If an unexpected shock of size one occurred two periods ago,       , the coefficient on      is 

  . Hence, if a shock of one occurred two periods ago, it will have an effect of    on   , which is an 

example of the impulse response at lag two. The IRF is obtained by calculating the impulse 

response for every desired lag. For the AR(1) model, the IRF is the effect of a shock s periods ago, 

  . The IRF for an error correction model is calculated in the same manner (Koop, 2008).  

6.6.2 Estimation and Empirical Findings 

The relevant IRFs in this thesis are calculated using statistical software. The orthogonal impulse 

function is measured instead of the general, as it is unlikely that underlying shocks of the impulse 

variable occur in isolation of the control variables. Hence, using orthogonal impulse responses is 
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more realistic. Further, the cumulated impact of a unit change in the impulse variable is measured, 

as the total effect over time is more interesting to analyze (Pfaff, 2008).  

The black line in figure 6.18 below represents the predicted response of consumption from a 

positive shock in the Brent oil price. The red dotted lines above and below the black line are the 

confidence bands at 95-percent level. From the figure below, one can see that a positive shock in 

the oil price has a positive response in the consumption of the Norwegian households, which is in 

line with the expectations and the estimated model. As explained in section 6.3.2, it is natural to 

assume that the effects of changes in the oil price on changes in consumption work mainly through 

the income-transfer channel, and therefore are positive. This effect is substantiated by looking at the 

IRF of income from a positive shock in the Brent price seen in Appendix 13. It shows that income 

reacts positively to a positive shock in the oil price and that the effect is increasing over time. The 

Granger causality test in section 6.4.2 also indicates that income Granger-causes consumption in the 

long run and this confirms that there are positive effects through the income-transfer channel.   

 

Figure 6.18 – IRF (left) and the cumulative IRF (right) of Brent on consumption (Compiled by R Studio) 

The positive response in consumption reaches its peak in the second quarter after the oil price shock 

in the economy is imposed. It then drops and fluctuates around zero for the rest of the period 

analyzed. From the cumulative response in consumption, one can see that the response is positive, 

but just above zero. This result is also in line with the expectations and previous discussions 

regarding measures taken by the government and the effects working through the allocative 

channels and the real-balance channels. Furthermore, it should be commented that the confidence 

bands are both above and below zero, which means that both positive and negative responses are 

possible with a certainty of 95 percent.  
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6.7 Forecast Error Variance Decomposition  

In addition to IRF, it is interesting to calculate the forecast error variance decompositions (FEVD) 

of the model. The theory and concept of FEVD are explained without including the extensive 

derivations of the mathematical concept, on the same basis as for IRF. The economic theory 

regarding FEVD is presented in section 6.7.1 and conducted on the basis of Koop (2008) unless 

otherwise stated. The empirical findings are presented in section 6.7.2.  

6.7.1 Theory 

A variance decomposition indicates the amount of variation each variable in the autoregression 

contributes to the variance of other variables. When conducting a variance decomposition on the 

forecast error, it can be determined how much exogenous shocks can explain the forecast error of 

each variable in the other variables in the regression (Gujarati, 2004).  If one would be interested in 

measuring the role of influence from the variables X and Z on variable Y, one can do this by 

measure the proportion of the variability of the two variables (Koop, 2008). 

                                          

If both sides of the equation are divided by var(Y), we get the following equation 

  
      

      
 

      

      
                      

The right-hand side of the equation can be interpreted as the measure of the relative roles of X and 

Z on Y. That is, the proportion of the unexpected variability in Y that can be explained by X is 

       

      
 (Koop, 2008).  

6.6.2 Estimation and Empirical Findings 

     

Figure 6.19 - Forecast error variance decomposition of consumption (Compiled by authors) 
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Figure 6.19 on the previous page, shows that the oil price accounts for a small portion of the 

forecast error variance of the consumption variable. In the second lag, approximately 0.97 percent 

of the variance of consumption is generated from the variation in the oil price. In the following lags, 

the share of the consumption variance is decreasing for the oil price. The variance in the income 

variable is explaining more of the variance as the lags increase, together with the wealth variable.  

This FEVD is in line with the previous results of the impact of oil price on private household 

consumption. A likely explanation is the extensive governmental measures implemented in 

Norway, where the effect of fluctuations in the oil price on household consumption is limited. The 

consequence of variations in the oil price is hence not as high as one could expect from an oil-

dependent country like Norway. 

6.8 Conclusion on Empirical Findings  

The empirical results in this thesis find a positive, but statistically insignificant, effect of Brent on 

aggregate household consumption in Norway. These results are in line with the hypothesis, as 

Norway is a net-oil exporting country and is hence expected to be mainly positively influenced by 

an increase in the oil price. This is also reflected when imposing an unexpected shock in Brent. The 

response of consumption is positive but flattens out after approximately four lags. The insignificant 

effect is confirmed by the Granger causality test, where the analysis concludes that there is no 

Granger causality from Brent to consumption. The impact of the oil price on consumption is 

insignificant as a result of the measures implemented by the Norwegian government. These actions 

reduce the effects of the oil price on Norwegian consumers to minimize the risk of a downturn in 

the economy. The measures furthermore reduce the volatility in the economy as a whole. Lastly, 

forecast error variance decomposition was conducted to analyze the impact of variance in Brent on 

variation in consumption. The oil price does not account for a large share of the variance. This 

means that the variation in the oil price does not affect the variation in consumption significantly, 

which substantiates the earlier findings of the reduced effect of fluctuations in the oil price on 

Norwegian households. It will in the next section be analyzed whether these results change when 

dividing the dataset or when changing the oil price variable.   
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7. Robustness Checks 

Robustness checks are conducted on the empirical results to examine the stability and the validity of 

the conclusions drawn. The first robustness test performed will be to split the full dataset into 

subsamples in section 7.1 and in section 7.2, the oil price variable, Brent, will be replaced with the 

so-called net oil price increase.  

7.1 Subsamples 

 

Figure 7.1 - Subsampling periods (Compiled by authors) 

The data set is divided into two subsamples to examine whether the conclusions drawn from the 

analysis of the full dataset is applicable across different periods. The date for dividing the total 

sample in two is set to the middle of 2008, as this mark the point in time where the oil price reached 

its all-time high. Specifically, the first subsample contains data from 1990 Q1 until 2008 Q2, and 

the second sample covers 2008 Q3 until 2017 Q4. It is found interesting to examine the data before 

and after the financial crisis, as the crisis significantly affected the oil price, illustrated in figure 7.1. 

Furthermore, figure 7.1 suggests that the relationship between disposable income and consumption 

has changed after the financial crisis. The sample after the financial crisis contains only 39 

observations, and hence it is difficult to draw any conclusions from this subset. It is however, 

interesting to see whether the time period analyzed shows any indication of change in behavior in 

our dataset after the financial crisis. When excluding the drop in the oil price and the aftermath of 

the financial crisis, the subsample can be considered more stable, which could change the estimates.  
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7.1.1 Stationarity  

When the dataset is divided into two subsamples, the tests of stationarity in the variables need to be 

conducted again. The line plots and ACF-plots of all variables in both subsamples can be found in 

Appendix 14. From the plots in appendix, one can see that the conclusion regarding the 

consumption variable is the same as in section 6.1.3, where the graph of the variable suggests an 

upward trend and, hence a nonstationary variable for both subsamples. The same conclusions as in 

section 6.1.3 may also be drawn for the Brent variable for subsample 1, shown to the left in figure 

7.2. It looks like it exhibits drift, as well as some rising and falling periods suggesting a stochastic 

trend. For subsample 2, however, the Brent variable does not show the same upwards trend, but 

could look like a non-stationary process following a random walk.  

 

Figure 7.2 - Line plots for Brent before (left) and after (right) the financial crisis (Compiled by R Studio) 

The ACF-plots of the variables, seen in Appendix 14, also indicate nonstationary time series for 

consumption and Brent. The other variables are also nonstationary, except for the interest rate. In 

subsample 2, the interest rate has been somewhat stable, and the ACF-plot does not have as many 

spikes as the other nonstationary variables, as seen in figure 7.3 below.  

 

Figure 7.3 - Line plot (left) and ACF-plot (right) of the interest rate in subsample 2 (Compiled by R Studio) 
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The ADF-test is applied to formally test whether the variables are nonstationary in levels, as the line 

and ACF-plots indicates. The ADF-test in levels for the variables in both samples can be found in 

figure 7.4. One can see that in subsample 1, all variables except the interest rate, follows a random 

walk with a deterministic trend and drift. In subsample 2, however, the interest rate follows a 

random walk with deterministic trend and drift, but income and Brent do not. For all variables, 

except the interest rate in subsample 2, the test concludes nonstationary variables. In the 

econometric analysis in section 6.1.3, the same conclusion was drawn for the interest rate variable. 

This is due to the relatively stable interest rate at low levels in subsample 2, following the dramatic 

cuts in the interest rate after the financial crisis. The variable is however only rejected at ten-percent 

significance level.   

 

Figure 7.4 - Summary of the ADF unit root test for subsample 1 and 2 in levels (Compiled by authors) 

All the variables in both subsamples are differentiated to become stationary. The line plots and 

ACF-plots can be found in Appendix 15. The ADF-test is conducted again, and it indicates that all 

variables have become level stationary after differentiating. These results are summarized in figure 

7.5 on the next page. The income and wealth variable however only exhibit weak stationarity, as the 

null hypotheses of unit roots cannot be rejected at 1% significance level for subsample 2. 
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Figure 7.5 - Summary of the ADF unit root test for subsample 1 and 2 in first difference (Compiled by authors) 

The KPSS-test is also applied for the subsamples and can be found in Appendix 16. The results are 

in line with the result from the ADF-test, except for the interest rate in subsample 2, which now has 

a unit root. Subsample 2 yields few observations, which might be the inconclusive results from 

levels to first difference. Going forward, the first difference variable will be used. 

7.1.2 Cointegration  

When dividing the dataset, the long-term equilibrium relationship may change between the 

cointegrated variables consumption, income and wealth, found in section 6.2.3. Hence, it is of 

interest to examine whether the cointegrating relation still holds in the two subsamples. The 

Johansen test for cointegration is first applied to establish the number of long-run relationships. 

Further, the two residual-based tests, presented in section 6.2.2, will be conducted.  

 

Figure 7.6 - Test statistics for subsample 1 and 2, and critical values for the Johansen test (Compiled by authors) 

From figure 7.6, one can see that the Johansen test indicates that there is still one cointegrating 

relationship in subsample 1. For subsample 2, the Johansen test concludes that there are three 

cointegrating relationships in the data. The number of observations is however very small in 
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subsample 2, and the results from the analysis may, therefore, be imprecise. As only one 

relationship is found in both the total dataset and in subsample 1, the possibility of three 

cointegrating relationships is excluded. Furthermore, proceeding with one cointegrating relationship 

between consumption, income and wealth yields more consistency and makes the comparison more 

accurate.  

The EG-test and Shin-test are further applied, to check whether there is still a cointegrating 

relationship between consumption, income and wealth in both subsamples. The tests are conducted 

using the same cointegrating regression as in section 6.2.3, equation 6.2.7. The critical values are 

presented in figure 7.7 below: 

 

Figure 7.7 - Critical values of the EG-test and the Shin-test (Engle & Granger, 1987) / (Shin) / (Compiled by authors) 

The two residual-based tests give the results presented in figure 7.8 below. For subsample 2, both 

tests conclude with cointegration between the three variables, but only with 90 percent certainty for 

the EG-test in subsample 1. As discussed in section 6.2.3, the EG-test favors the null hypothesis of 

a unit root and hence risks not rejecting the presence of unit root, despite the opposite being true. 

Accordingly, the analysis of the two subsamples will proceed with the existence of one 

cointegrating relationship in both subsamples.  

 

*The number of lags is the lags included by the ADF-test (in the EG-test) to ensure no autocorrelation. 

The same number of lags is applied to the KPSS (Shin)-test  

Figure 7.8 - Summary of the residual-based tests for cointegration (Compiled by authors) 
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7.1.3 The Error Correction Model  

The specification of the error correction model is based on information criteria and the number of 

lags that eliminates autocorrelation in the residuals. The optimal lag length for both subsamples is 

one lag, which is identical to the model specified in section 6.3.2. This yields the following equation 

specification for both subsamples: 

                                                                    

In figure 7.9 below, the estimated coefficients and standard errors are presented. For subsample 1, 

the coefficient on consumption and the error correction term are the only two statistically significant 

variables. This is in line with the estimated results in section 6.3.2, except for the insignificant 

intercept in subsample 1. For the cointegrating variables, income and wealth, their insignificance 

may be for the same reasoning as the insignificant values in section 6.3.2. That is, since the long-

term equilibrium is present between the three variables, income and wealth may not affect 

consumption in the short-run. This relationship will be further discussed with Granger causality in 

section 7.1.4. For subsample 2, the error correction term is correctively negatively signed, but 

insignificant. The relatively short time span in subsample 2 may be the reason for this. 

The interest rate has a positively signed coefficient in both subsamples, which is not in line with the 

expectations for Norwegians as presented in the macroeconomic theory, in section 2.2. However, 

this may be for the same reasoning as explained in section 6.3.2. As seen from figure 7.3, the 

interest rate was cut heavily after the financial crisis and has been held at low levels since. The cuts 

were done, among other motives, to stimulate the consumption of private households in Norway. 

This may be the reason for the significant interest rate variable in subsample 2, compared to 

subsample 1.  

 

Figure 7.9 - Error correction model estimate for subsamples (Compiled by authors)  
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The Brent variable is insignificant for both sub-periods, which may be for the same reasoning as 

discussed in section 6.3.2 for the total sample. Measures initiated by the Norwegian government 

over many years reduce the effect of changes in the oil price on the consumption behavior of private 

households. Furthermore, the Norwegian economy, and hence also the consumption, is impacted 

through all of the channels in which the oil price affects consumption. Despite that the income-

transfer channel likely influence Norway the most, the real-balance channel and the allocative-

channels also impact the Norwegian consumption. These different channels may have a somewhat 

out-canceling effect on each other, leading the total, positive effect to be minimized. Despite being 

insignificant, the impact of changes in the oil price on consumption is higher after the financial 

crisis, 0.0082 compared to 0.0031. Therefore, it can be commented that this is a small indication of 

people being more influenced by the changes in oil price after the financial crisis.  

7.1.4 Granger Causality  

The Granger causality for the cointegrating variables can be found in Appendix 17, as well as for 

the Brent and interest rate variable. There is bilateral Granger causality between most of the 

cointegrating variables in subsample 1, much in line with the total dataset, while only unidirectional 

Granger causality in subsample 2. That is, wealth and income Granger causes consumption, but 

consumption does not Granger cause wealth and income. This might be due to Norwegian 

households being more cautious about their consumption after the financial crisis. As seen in figure 

7.1, consumption as a share of disposable income declined in subsample 2. This change in the 

consumption behavior may be the reason that the variations in consumption do not impact the future 

values of income, as it did before the financial crisis. The same reasoning applies to the wealth 

variable.  

 

Figure 7.10 - Granger causality between Brent and consumption in both subsamples (Compiled by authors)  

As presented in figure 7.10, there is no Granger causality between Brent and consumption in any of 

the subsamples. The lack of Granger causality means that, even though subsample 1 is considered 

more stable, it does not change the explanatory power lagged values of Brent has on consumption. 

Furthermore, the effect of oil price on consumption is still insignificant in subsample 2.  
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7.1.5 Diagnostic Tests  

 

Figure 7.11 - Diagnostic tests of subsamples (Compiled by authors) 

From figure 7.11, one can see that the conclusion regarding the normality of the residuals has not 

changed when subsetting the data into two periods. However, for both time periods, the ARCH 

effects are removed, which means that the residuals are now homoscedastic. It is, therefore, no need 

of including Heteroscedasticity-consistent standard errors (HCE) in the estimation of the model and 

hypothesis tests. The conclusion of autocorrelation remains the same. However somewhat weaker, 

as the null hypothesis of no autocorrelation can be rejected at ten-percent significance level for 

subsample 1 and five-percent significance level for subsample 2.   

7.1.6 Impulse Response Function  

It is interesting to investigate whether the response in consumption after an exogenous shock in the 

oil price changes when dividing the dataset at the financial crisis. In subsample 1, a positive shock 

in the oil price yields a positive response in consumption in the first lag, but drops after lag two and 

then fluctuate around zero for the rest of the period, which can be seen in figure 7.12. The 

cumulative response is positive and increasing, but just slightly above zero. 

  
Figure 7.12 - IRF (left) and cumulative IRF (right) of Brent on consumption in subsample 1 (Compiled by R Studio) 
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Figure 7.13 - IRF (left) and cumulative IRF (right) of Brent on consumption in subsample 2 (Compiled by R Studio) 

The response in consumption after the financial crisis is very different from the period before the 

crisis, as seen in figure 7.12 and 7.13. The reaction after the financial crisis is positive throughout 

the whole period, and at a higher scale than before the financial crisis. It should though be 

commented that the confidence interval is also at a larger scale, indicating greater uncertainty. 

Greater uncertainty might be due to the time span being short after the financial crisis. Hence, there 

is more uncertainty about the estimates for subsample 2 than for subsample 1. However, the 

confidence band for the cumulative response is less negative in subsample 2 than 1. The change in 

response between the two periods might be because Norwegians have become more aware of the 

fluctuations in the oil price, and hence more likely to change its consumption after unexpected 

changes in the oil price.  

7.1.7 Forecast Error Variance Decomposition   

 

Figure 7.14 – FEVD of consumption for subsample 1 (left) and subsample 2 (right) (Compiled by authors) 

Figure 7.14 above shows that the oil price share (black) of the forecast error variance of 

consumption has changed significantly after the financial crisis. This is also shown in figure 7.15, 
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Figure 7.15 – Difference in FEVD in the two 

samples (Compiled by authors) 

 

where one can see that Brent accounts for approximately 14 times more of the forecast error 

variance in subsample 2 than subsample 1. The greater share means that the variations in the oil 

price have a bigger impact on the variation in the consumption of Norwegian households in the 

period after 2008. These findings substantiate the 

indications already presented: that the financial crisis 

has caused Norwegians to be more aware of the 

changes in the oil price, and thus causes more of the 

variation. These results are somewhat in line with the 

findings of Gudmundsson and Natvik (2012), who 

find that increased uncertainty caused a change in 

consumer behavior after the crisis. Uncertainty is also 

an example of a subjective factor influencing 

consumption, as presented by Keynes (1936). 

7.1.8 Conclusion of Subsamples    

After subsetting the data into two periods, the conclusions remain mostly the same. The effect of 

changes in oil price on consumption is insignificant and positive, and the response of consumption 

is positive after an unexpected shock in Brent. Subsample 2 gives some indication that Norwegian 

households are more aware of the changes in the oil price. The Brent coefficient is at a greater 

value, and the impulse response of consumption after a shock in the oil price is at a larger scale. 

Furthermore, the oil price represents a significantly greater share of the forecast error variance in 

consumption. It should again be noted that due to the lack of observations for subsample 2, 

conclusions regarding the effect of the financial crisis cannot be made. However, this gives some 

signal that the behavior of Norwegian consumers has changed after the financial crisis. These 

results would be interesting to investigate further when the time span is longer.   

7.2 Net Oil Price Increase    

To test whether the results of the analysis in this thesis are valid if the oil price is measured 

differently, the Brent oil price is exchanged for an alternative oil price. The net oil price increase 

(NOPI) was introduced in the literature review in section 3.1 and carefully explained in the data 

description in section 5.5. The price is calculated using the following equation:  
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The idea is for the price to only reflect the major oil price increases that are a result of exogenous 

effects. It may hence be well suited in an analysis of the effect of oil price shocks on consumption. 

As the calculation of the price shows in equation 7.2.1, NOPI takes the maximum value of  Brent 

achieved the past year and then the difference between this and the current value. If this value is 

negative, the value is set to zero. Below are the summary statistics and correlations for the NOPI 

variable:  

     

Figure 7.16 - Summary statistics of NOPI (left) and correlation with other variables (right) (Compiled by authors) 

7.2.1 Stationarity  

Similarly to all other variables in the dataset, the NOPI variables needs to be stationary before an 

analysis can be conducted. The line- and the ACF-plot can be seen below:  

 

Figure 7.17 - Line plot (left) and ACF-plot (right) of the NOPI variable (Compiled by authors) 

Looking at the line plot in figure 7.17 to the left, the mean of the time series looks constant and the 

time series does not drift in any direction. In the ACF-plot in figure 7.17, all spikes have low values 

and fluctuate around zero, except for a small spike around lag four. The two figures both indicate 

that NOPI is stationary.  
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Running the ADF-test and the KPSS-test provide the following results: 

  

Figure 7.18 - Summary of the stationarity tests conducted on the NOPI variable (Compiled by authors) 

The ADF test statistic is numerically higher than the critical value at one percent, leading to the 

rejection of the null hypothesis of a unit root. The KPSS test statistic is smaller than the critical 

value at ten percent, and hence the null hypothesis of stationarity cannot be rejected. Herby, both 

tests conclude that the NOPI time series is stationary. As the price is already based on  Brent, it 

makes sense that NOPI is stationary without any further differentiating.  

7.2.2 Cointegration 

When adding a new variable to the data set, the possibility of new cointegrating relations occur. 

However, as the only change is the NOPI variable, there are no expectations of this. The lack of 

cointegration is confirmed by the Johansen test, which still shows only one cointegrating relation, 

which can be seen in Appendix 18. Based on this; the analysis proceeds with the estimation of an 

error correction model. 

7.2.3 The Error Correction Model  

The optimal number of lags is set to two lags, based on information criteria and to eliminate the risk 

of autocorrelation between the residuals. The number of lags is one more than the model based on 

the Brent oil price in section 6.3, as this was necessary to eliminate the autocorrelation.  

This gives the following model specification: 

                                                        

                                                             

In the table on the next page, the estimated coefficients from equation 7.2.2 are compared to the 

coefficient from equation 6.3.5 from section 6.3. The model to the left is estimated using the Brent 

oil price and the model to the right is estimated using NOPI:  
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Figure 7.19 - Estimate coefficients of the ECM specifies using the Brent oil price and NOPI (Compiled by authors) 

The estimations show that the two models are quite similar. The NOPI model has significant 

coefficients on the error correction term and the lagged values of consumption. This is in line with 

the model estimated with the Brent oil price, though it also has a significant intercept. The error 

correction terms in the two models are also quite similar, as they correct for deviations from the 

same long-term relationship (between consumption, income and wealth). In the model estimated 

using NOPI, a second lag is however added to all variables, which means that information from a 

longer period is included in the model. This is why the error correction terms are not completely 

identical. Comparing the coefficients on the Brent oil price and NOPI, it can be seen that the NOPI 

coefficients both have a more positive value than the Brent, though still not significant. The higher 

positive values are in line with the findings of Mehra and Petersen (2005), who also found that 

NOPI has a higher explanatory power than the regular oil price. It can also be seen that the 

coefficient on the second lagged value of NOPI has higher explanatory power on consumption than 

the first. This indicates that when NOPI is used as the measure for oil price, the effect on changes in 

consumption increase over time. 

7.2.4 Granger Causality  

When testing for Granger causality, the interest of this section is to examine the relationship 

between the NOPI variable and changes in consumption. The Granger causality between the other 

variables is assumed to be the same as in section 6.4, despite an additional lag on all variables. The 
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result of the test is shown in the table below, and as the p-value is greater than 0.05, the null 

hypothesis of no Granger causality cannot be rejected. 

 

Figure 7.20 - Results of the Granger causality test of NOPI on consumption (Compiled by authors) 

The result of no Granger causality corresponds well with the fact that the coefficients on NOPI were 

found insignificant in the estimation of the model. Thus, it can be concluded that the NOPI variable 

has no significant effect on the future changes in consumption. 

7.2.5 Diagnostic Tests  

The diagnostic tests are conducted to examine whether the residuals of the model specified using 

the NOPI variable comply with the assumptions of the model. The results are summarized in the 

table below: 

 

Figure 7.21 - Summary of diagnostic tests performed on the estimated ECM (Compiled by authors) 

By comparing to the diagnostic tests conducted on the model estimated using the Brent oil price 

variable, one can see that the results are similar. There is no autocorrelation in the residuals, but 

there are ARCH effects present. There is, therefore, again, applied HEC in the estimation of the 

model. Based on the same argumentation as in section 6.5, the model is hereby considered as 

satisfactory, despite the non-normality in the residuals.  
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7.2.6 Impulse Response Function  

 

Figure 7.22 - IRF (left) and cumulative IRF (right) of NOPI on consumption (Compiled by R Studio) 

Seen from the figure above are the orthogonal IRF (to the left) and the cumulated impact (to the 

right) of a shock in NOPI on a change in consumption. The impulse response on each period vary 

from period to period, but less compared to the Brent variable in section 6.6. The shock in NOPI 

also has a positive effect on all periods, in contrast to the Brent oil price. The reason for this is most 

likely that the NOPI variable only measures increases and the decreases are eliminated. As Norway 

is a net-exporting country, the positive response to increases in the oil price is in line with the 

expectations. The cumulative response on consumption of a shock in NOPI is also of a higher, 

positive magnitude than the shock in the Brent oil price. 

7.2.7 Forecast Error Variance Decomposition   

   

Figure 7.23 – FEVD of consumption (left) and comparison with the decomposition when consumption is modeled using 

the Brent oil price (right) (Compiled by authors) 

The diagram to the left in figure 7.23 illustrates the FEVD of consumption when modeled using the 

NOPI oil price variable. To the right, the shares of the forecast error variance in consumption that 

variations in Brent and NOPI account for respectively are compared. As it can be seen, changes in 
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NOPI accounts for a smaller share of the forecast error variance of consumption than variations in 

the Brent oil price. This may be because the variance in the NOPI variable is smoothed severely out 

in the computation and the decreases are removed. These results could indicate that the larger 

impact from the Brent variable means that the consumers are more affected by changes in the oil 

price when reductions are included. As found in the literature review in section 3, empirical results 

show an asymmetric response to changes in the oil price in net-importing countries. Net-importing 

economies and consumption are negatively affected by increases in the oil price, but not equally 

positively affected by decreases. The same results are not found for net-exporting countries, but the 

results found here could potentially point to the fact that variation of consumption in net-exporting 

economies is more negatively affected by oil price decreases than it is positively affected by oil 

price increases.   

7.2.8 Conclusion of NOPI  

After exchanging the oil price variable Brent with the NOPI variable, the conclusions again remains 

consistent. Similar to the Brent oil price, NOPI is found to have insignificant explanation power on 

changes in consumption. However, the coefficient on the NOPI variable has a somewhat more 

positive value than the coefficient on the Brent variable. These results are in line with the results 

found in Mehra and Petersen (2005), where NOPI is also discovered to have a greater impact on 

consumption than the regular oil price variable. The IRFs show that a shock in NOPI has a positive 

effect on changes in consumption in all periods, in contrast to the Brent oil price. The reason for this 

is most likely that decreases in the oil price are eliminated. The positive response is furthermore in 

line with the expectations of the authors, as Norway is an exporting country. The forecast error 

variance decomposition of consumption shows that the variance in the NOPI variable accounts for a 

smaller share of the forecast error variance of consumption than variations in the Brent oil price. 

The variation in the NOPI variable is heavily smoothed out, and the result could indicate that 

Norwegian consumers are more affected by changes in the oil price when decreases are included. 

These results could potentially point to that there is an asymmetric relation present also in net-

exporting countries.   
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8. Conclusion 

Previous literature has found that economies are affected by movements in the oil price and that 

there is an asymmetric relation between increases in the oil price and change in GDP for net-

importing countries. A rise in the oil price has a negative impact on importers, but an equivalent 

decrease is not reflected in a similar positive consequence. This asymmetric relation is also 

discovered for consumption in net-importing countries. The objective of this thesis is to examine 

the relation between changes in the oil price and aggregated household consumption for a net-

exporting country, focusing on Norway.  

The oil price plunge during the financial crisis and the recent 2014-drop greatly influenced the 

Norwegian economy, but the recovery in both periods has been considerably quick compared to 

other countries. This caught the interest of the authors to research whether consumption in Norway, 

a net oil-exporting country, is significantly affected by changes in the oil price. Previous literature 

has found that consumption in net-importing countries are negatively affected by an increase in the 

oil price, while consumption in net-exporting countries mainly reacts positively. However, the 

results in net-exporting countries have been contradicting in some cases, due to different 

macroeconomic policies in the countries. Based on findings in earlier research, the hypothesis of 

this thesis is that the effect on aggregate household consumption in Norway is positive but small, 

due to the measures implemented by the Norwegian government to preserve the oil revenues, limit 

the volatility in the economy and the influence on private consumers.  

The data analyzed are quarterly data from 1990 Q1 to 2017 Q4, investigating the relationship 

between the oil price and household consumption controlling for other effects by including 

disposable income, net wealth and the interest rate. All time series were found integrated of order 

one and stationary in first difference. The Johansen test for cointegration showed that there was one 

long-term relationship in the dataset. The Engle-Granger two-step procedure and the Shin-test for 

cointegration were then conducted, and there was concluded that cointegration was present between 

consumption, income and wealth. To account for this relationship, an error correction term is 

included to correct for the deviations from the long-term equilibrium.  

The econometric analysis of the estimated error correction model found that the coefficient on the 

error term was negative, telling that the deviations from equilibrium were adjusted in the correct 

direction for the cointegrating variables. The analysis further revealed a positive, but statistically 

insignificant relationship between the oil price variable, Brent, and consumption. The results were 
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substantiated when an unexpected shock in Brent was imposed, as consumption reacted positively, 

but the impact was reduced over time. The Granger Causality test also verified that there was no 

significant effect from Brent to consumption. Finally, the forecast error variance decomposition 

(FEVD) confirmed that changes in the oil price did not account for a significant share of the 

variance in consumption. The results were in line with the expectations of the authors and the 

reason for these findings could be the measures executed by the Norwegian government to limit the 

effect on private consumers.  

Two types of robustness tests were carried out to inspect the stability and the validity of the model. 

By splitting the data set into two subsamples at the financial crisis, it was examined whether the 

model was stable across different periods. Subsample 1 consisted of data from 1990 Q1 to 2008 Q2, 

and the estimation concluded that the coefficient of oil price on consumption was still positive and 

insignificant. Subsample 2 contained data from 2008 Q3 to 2017 Q4 and the coefficient of Brent  

was still positive and statistically insignificant but at a higher value. This result indicated that 

Norwegian households are somewhat more affected by changes in the oil price after the crisis, 

despite the effect being statistically insignificant. Furthermore, the impulse response functions 

revealed that consumption react more positively to a positive shock in the oil price after the 

financial crisis than before. Finally, the FEVDs showed that the variance in oil price also accounted 

for a greater share of the variance in consumption in subsample 2 than in subsample 1. As variance 

is a measure of uncertainty, the FEVD indicates that Norwegian households may have become more 

aware of changes in the oil price. Subsample 2 consists of a short period and very low number of 

observations, and there may thus not be drawn any definite conclusions from the analysis. However, 

the results may signal that the consumption behavior regarding changes in the oil price has been 

affected by the financial crisis. When the time period has become longer and more observations are 

available, this would be very interesting to study further.  

To test whether the results of the analysis are valid if the Brent oil price was substituted with a 

different oil price measure, the variable was replaced with the net oil price increase (NOPI). In 

NOPI, the upturns in the oil price that are results of previous downturns are minimized, and 

decreases are eliminated. The intention is to measure whether there is a non-linear relationship and 

to reflect oil price increases that are results of exogenous shocks. The conclusion of the analysis 

remained consistent with the analysis conducted using the Brent variable. The impact of NOPI on 

consumption was positive but insignificant. However, the explanation power had improved, which 
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is in line with the results of Mehra and Petersen (2005). The impulse response function also showed 

that NOPI had a greater positive effect on consumption than Brent did, which may be a result of the 

decreases in the price being eliminated. This result was furthermore in line with the expectations of 

the authors, as Norway is a net-exporting country. The FEVD showed that the variance in NOPI 

accounted for a smaller share of the variance in consumption than Brent did. This could hence 

indicate that the influence of variations in the oil price on Norwegian households is greater when 

reductions in the price are included. Such results could point to a potential asymmetric relation 

present also in net-exporting countries, which could be interesting to examine further.  

We believe that the results of the thesis give indications that measures implemented by the 

Norwegian government are efficient in preserving the oil revenues and reducing the volatility 

caused by changes in the oil price. The governance of the petroleum industry in Norway may set 

some guidelines for other oil-dependent countries that seek to limit the impact of oil price 

fluctuations on private consumers.  
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9. Criticism  

An econometric analysis will never yield a perfect representation of the real world, due to the 

assumptions made by the authors throughout the thesis. Subjective decisions needed to be taken 

when results were in borderline, for example when not all of the model assumptions were fulfilled 

or when the cointegration test showed more than one long-term relationship for subsample 2. The 

decisions made are however perceived as the most reasonable and accurate for the purpose of this 

thesis. Furthermore, the availability of only quarterly data for some of the variables implied certain 

limitations. The data did not yield as many observations as one would with monthly or daily data. 

Having more observations could solve the limited opportunity to draw any conclusions from the 

period after the financial crisis. The exact cutoff point for the subsamples may also have affected 

the results of the robustness check. This split is set at the all-time high oil price, just before the 

plunge of the price related to the financial crisis. The division is done to be able to analyze whether 

the consumer behavior has changed after the financial crisis compared to the period before, which is 

considered to be more stable. There is also a risk of measurement errors when data is downloaded 

from different sources. To avoid this, the authors have tried to use the same reliable and 

acknowledge sources when retrieving the data. Some approximations have however been necessary, 

for instance for the variable net wealth, which may have caused measurement errors. However, the 

technique used is believed to be the best for the analysis conducted. Lastly, there is a risk of omitted 

variable bias in the study, for example by excluding relevant control variables. For example, the 

possible change of consumption behavior in the recent time may be due to the consumer confidence 

in the economy, and a proxy for this could have been interesting to include. This option was 

considered, but the lack of a proper proxy for the whole sample excluded this option. 
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10. Alternative and Future Perspectives of the Thesis 

Several other perspectives and alternative analysis could have been included in the thesis. Firstly, an 

option that could be relevant and interesting would be to put a greater emphasis on the financial 

crisis of 2008. By dividing the data set into subsamples, an attempt is made to examine whether the 

financial crisis has had an impact on the relation between changes in the oil price and consumption. 

This analysis gave, however, somewhat inconclusive results, as the time period after the financial 

crisis became very short and the number of observations were low. In some time, when the period 

after the financial crisis yields a higher number of observations, this would be a very interesting to 

analyze further. The data could also have been split into subsamples before and after the drop in the 

oil price in 2014. However, the same arguments as for the financial crisis apply; this gives a short 

period after 2014 and very few observations.  

In this thesis, the importance of the oil fund for the Norwegian economy has also been highlighted. 

Another interesting option would be to test the actual impact of the introduction of the oil fund on 

the Norwegian economy, and hence the effect on consumption. However, as figure 4.1 in the 

background information shows, the oil production in Norway accelerated around the beginning of 

the 1990s. The oil fund was established in 1990, and the first transfer was made to the fund in 1996. 

Hence, the value of the fund increased sharply around the same time as the oil became a significant 

share of the Norwegian GDP. It would hereby be challenging to separate the effect of the 

introduction of the oil fund on the economy from the impact of the increased revenues from the 

production in this period. One possibility to examine the effect of the oil fund could be to compare 

Norway to another net-exporting country. Among the top 11 oil exporters in the world, Canada 

appears to be the most comparable country, as is explained in Appendix 19. Canada and Norway 

seem to be somewhat similar when it comes to governmental measures and governance and at the 

same time very different when it comes to the management of oil revenues. This could make a 

compelling case to examine whether Norway is affected differently by changes in the oil price than 

Canada as a result of the oil fund. However, as Appendix 19 also shows, there are other 

dissimilarities between the two countries that would make it difficult to separate the potentially 

different effects on the two countries.  

Somewhat similar to the oil fund, it could be interesting to analyze the effect of the introduction of 

the budgetary rule explained in the background information in section 4.1.2. The rule was 

introduced in 2001, but as figure 4.7 illustrates, the revenues of the oil fund have been sufficiently 
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higher than the withdrawal level ever since the introduction. Furthermore, the actual structural non-

oil deficit (the spending of the oil revenues) has also been lower than the budgetary rule, with a few 

exceptions, as seen from figure 4.6. Therefore, the introduction of the budgetary rule has had no 

immediate impact on the spending of the oil revenues so far. On the contrary, it is likely to have a 

more significant effect in the future, as the revenues of the oil fund are expected to decrease. The 

budgetary rule will hence have a more critical role in the preservation of the values to future 

generations.  

One of the robustness tests conducted on the analysis of this thesis is to examine whether the results 

are consistent when the regular Brent oil price variable is exchanged with the NOPI variable. The 

NOPI variable measures only the effect of increases, as the decreases in the price are eliminated. A 

possible and interesting alternative could be to examine the effect of a net-oil price decrease instead 

of increases. The result from the FEVD also gave indications that variation of consumption in net-

exporting countries is more negatively affected by oil price decreases than it is positively affected 

by oil price increases. This would be in line with the possibility of a different asymmetric relation 

for net-exporting countries. This option would be particularly attractive as Norway is a net-

exporting country and a decline in the oil price cause a reduction in the revenues of both 

government and private consumers. Furthermore, previous literature has found that there is an 

asymmetric relation between changes in the oil price and changes in consumption in net-importing 

countries. It would hereby be interesting to test whether this relation is the opposite or different for 

a net-exporting country like Norway. This relation is however not conducted, as the authors have 

chosen to include the NOPI variable in line with the previous literature.   

A fourth possibility to study would be whether the variance of the oil price affects the variance of 

the consumption, instead of the mean value. The FEVD of consumption using NOPI in section 7.2.7 

showed that the variation in NOPI accounted for a more significant share of the variation in 

consumption than Brent. The variance decomposition conducted in section 7.1.7 also showed that 

the Brent variable accounted for a more significant share of the variance in consumption after the 

financial crisis than before. The analysis of the variance could therefore, be interesting to examine 

in combination with a greater emphasis on the financial crisis.   

Another additional aspect that could have been added is to split the aggregate consumption of 

Norwegian households into different counties or provinces and with this look if there are 

differences across the country. For example, a significant part of the oil industry in Norway is 
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located at the west coast, and one could examine whether these regions were more affected by the 

financial crisis or the recent drop in the oil price. The dataset could also have been analyzed using 

different frequencies in the time series, but the availability of monthly and daily data is however 

limited on some timeseries. Furthermore, an option could be to examine whether the results of the 

analysis are consistent if the number of lags included in the model are changed.  

Finally, the model applied in the analysis in this theses exclude some demographical and 

institutional changes that could affect the changes in consumption. Some examples of this are 

changes in the demography, such as age- and gender distribution and immigration. Besides, changes 

in income level and the distribution of income could affect the consumption. Lastly, institutional 

changes such as the pension reform
23

, stricter loan regulations and an introduction of new saving 

schemes such as BSU
24

.  

  

                                                           
23

 Implemented January 2011 (Government.no, 2011) 
24

 BSU (“Boligsparing for Ungdom” means saving towards a home for young people) (DNB, n.d.) 
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Appendix 1 - Status of the licenses on the Norwegian Continental Shelf (of March 2018) 

 

Source: (Norwegian Petroleum, 2018) 
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Appendix 2 - The Ten Oil Commands  

First commandment:  

National supervision and control must be ensured 

for all operators in the NCS.  

Second commandment: 

Petroleum discoveries must be exploited in a way 

which makes Norway as independent as possible 

of other for its supplies of crude oil. 

Third commandment:  

New industry will be developed on the basis of 

petroleum.  

Fourth commandment:  

The development of an oil industry must take 

necessary account of existing industrial activities 

and the protection of nature and the environment.  

Fifth commandment:  

Flaring of exploitable gas on the NCS must not be 

accepted except during brief periods of testing. 

Sixth commandment:  

Petroleum from the NCS must as a general rule be 

landed in Norway, except in those cases where 

socio-political considerations dictate a different 

solution.   

Seventh commandment:  

The state must become involved at all appropriate 

levels and contribute to a coordination of 

Norwegian interests in Norway’s petroleum 

industry as well as the creation and integrated oil 

community which sets sights both nationally and 

internationally  

Eighth commandment:  

A state oil company will be established which can 

look after the government’s commercial interests 

and pursue appropriate collaboration with domestic 

and foreign interests.  

Ninth commandment:  

A pattern of activities must be selected north of the 

62dn parallel which reflects the special socio-

political conditions prevailing in that part of the 

country.  

Tenth commandment:  

Large, Norwegian petroleum discoveries could 

present new tasks for Norway’s foreign policy.  

 

Source: (Norwegian Petroleum Directorate, 2010) 



129 
 

Appendix 3 - Approximation of the wealth variable  
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Appendix 4 - Seasonal detection  
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Seasonal detection with X-13-ARIMA 
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Appendix 5 - DF and ADF critical values for stationarity  

 

Source: (Gujarati, 2004) 

Appendix 6 - KPSS critical values for stationarity  

 

Source: (Kwiatkowski, Phillips, Schmidt, & Shin, 1992) 

  



133 
 

Appendix 7 - Line- and ACF-plots of variables in levels   

Line plots 

Consumption       Income  

  

Wealth       Brent Spot  

  

Interest rate 

 

 

 

 



134 
 

ACF-plots 
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Appendix 8 - Line- and ACF-plots of variables in first difference 

Line plots 

Consumption       Income  

  

Wealth       Brent Spot  

  

Interest rate 

 

 

 

 



136 
 

ACF-plots 
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Appendix 9 - Engle and Granger critical values for cointegration 

 

 

Source: (Engle & Granger, 1987) 
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Appendix 10 - Shin critical values for cointegration 

 

 

 

Source: (Shin, 1994) 
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Appendix 11 - Information Criteria Theory 

A common way to determine the lag-length of a time series model is by using an information criteria. 

Formal derivations of the different criteria involve technical details that are beyond the interest of the 

authors in this thesis. In the software, information criteria are implemented, and the mathematical 

derivations are therefore not needed. However, a general description of the concept and equations of 

the different criteria are explained. In the equations above 𝜃 denotes all coefficients in the model, p 

is the number of coefficients (Koop, 2008). 

The most common information criteria is the following (Koop, 2008): 

Baynesian information criteria (BIC): 

𝐵𝐼𝐶(𝜃) = 2 ln[𝐿(𝜃)] − 𝑝 ln(𝑇)  

Akaike information criterion (AIC):  

𝐴𝐼𝐶(𝜃) = 2 ln[𝐿(𝜃)] − 2𝑝 

Hanna-Quinn criterion (HQ) (where cHQ is a constant)  

𝐻𝑄(𝜃) = 2 ln[𝐿(𝜃)] − 𝑝𝑐𝐻𝑄 ln[ln 𝑁] 
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Appendix 12 - Impulse Response Functions – Rewriting of equation  

From section 6.6.1, we consider the following AR(1) model:  

𝑌𝑡 = 𝜌𝑌𝑡−1 + 𝑢𝑡          (6.6.1) 

We can rewrite the model as following:  

𝑌𝑡 = 𝜌𝑌𝑡−1 + 𝑢𝑡  

     = 𝜌(𝜌𝑌𝑡−2 + 𝑢𝑡−1) + 𝑢𝑡  

     = 𝜌2𝑌𝑡−2 + 𝜌𝑢𝑡−1 + 𝑢𝑡  

     = 𝜌3𝑌𝑡−3 + 𝜌2𝑢𝑡−2 + 𝜌𝑢𝑡−1 + 𝑢𝑡  

     = ⋯  

     =  𝑢𝑡 + 𝜌𝑢𝑡−1 + 𝜌2𝑢𝑡−2 + 𝜌3𝑢𝑡−3 + ⋯  

     = ∑ 𝜌𝑖𝑢𝑡−𝑖
∞
𝑖=0           (6.6.2) 

Source: (Koop, 2008) 

 

Appendix 13 - Impulse Response Function – Brent and Income  
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Appendix 14 - Subsamples - Line- and ACF-plots in subsamples in levels  

SUBSAMPLE 1 – Before financial crisis  
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ACF-plots 
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SUBSAMPLE 2 – After financial crisis  

Line plots 
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ACF-plots 
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Appendix 15 - Subsamples - Line- and ACF-plots in subsamples in first diff   

SUBSAMPLE 1 – Before financial crisis  

Line plots 
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ACF-plots 
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SUBSAMPLE 2 – After financial crisis  

Line plots 
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ACF-plots 

Consumption       Income  

  

Wealth       Brent Spot  

  

Interest rate 

 

  



149 
 

Appendix 16 - KPSS test for subsamples in first difference 
SUBSAMPLE 1 – Before financial crisis 

 

SUBSAMPLE 2 – After financial crisis 

 

Appendix 17 - Granger causality of cointegrating variables in subsamples 
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Appendix 18 – Johansen-test for model with NOPI variable  

 

Appendix 19 – Oil-exporters comparison  

When comparing the top 11 oil exporters of the world (CIA, n.d.), Canada and Norway appears to be 

the most similar when it comes to political systems and governance. In the figures below, these 11 

oil exporters are compared in different graphs, and it becomes visible that Canada and Norway share 

some similarities. All figures are downloaded from The Global Economy (The Global Economy, 

n.d.). 

 

Figure 11.1 - Rule of law index     Figure 11.2 - Government effectiveness index 

 

Figure 11.3 - Control of corruption                     Figure 11.4 - Voice and accountability index 

Figure 11.1 shows that both Norway and Canada have high confidence in the rules of the society. 

Figure 11.2 illustrates that both countries have a high efficiency in public services and that the 

governance is independent of political pressures. Both Canada and Norway have a high control of 
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corruption, graphed in figure 11.3, and figure 11.4 presents that the level of freedom of speech and 

the people’s ability to affect the governance is high. In all of these parameters, Canada and Norway 

stand out from the other oil exporters (The Global Economy, n.d.). These are important factors when 

it comes to the distribution of goods and services in a country. This is relevant for this thesis as the 

distribution of oil revenues in a country depends greatly on the governance in the respective countries.  

Norway and Canada also share similarities when it comes to other important parameters; 

 

Figure 11.5  - (Statistics Norway)/ (Statistics Canada)/ (OECD)  

Consumption and income as shares of GDP are both at comparable levels in the two countries. 

Furthermore, the rates of higher education and employment are also very similar. Wealth, on the other 

hand, constitutes a greater share of GDP in Canada than in Norway. This might be a result of a higher 

GDP per capita in Norway and that Norwegians have a high debt burden (Bjerknes, 2017), leading to 

a lower net worth. Furthermore, the population sizes are significantly different.  

Illustrated in figure 11.6 below, there are several other differences between Norway and Canada when 

it comes to the petroleum sector. Both the production and export is greater in Canada, but the 

petroleum industry constitutes a greater share of the Norwegian GDP.  

 

Figure 11.6 -   (EIA) / (CIA)/ (Norwegian Petroleum)/ (Government of Canada) 

Compared to Norway, Canada has also managed the revenues from their oil production very 

differently. First of all, the oil-rich provinces manage their resources locally, while in Norway the oil 

resources are managed on a national level. Except for the federal taxes paid to the federal government, 

the provinces such as Alberta and Saskatchewan, manage their resources as separate jurisdictions 

(Tencer, 2017). Alberta has a free-market approach with an emphasis on being an attractive 

investment destination for companies to do business and extract oil. The market is to determine the 

pace of the development, and the government has been more concerned with this than long-time 

planning for future generations (Hsie, 2013). The extraction of the oil sand is difficult and expensive, 
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and to make it an attractive investment destination for investors, the government has set the taxes 

very low (Fawcett, 2015). The net federal tax rate on oil and gas income is 15 percent and the 

provincial tax is 12 percent in both Alberta and Saskatchewan (PwC, 2016). This is in stark contrast 

to the 78 percent tax rate imposed on operators in Norway. The argument for the low rate is that the 

presence of large firms and high investment activity boost the economy itself, and create workplaces 

for the populations of the provinces. However, with a great share of private investors in the industry, 

a large portion of the returns has gone to the private sector, leaving little for the governments to 

manage and invest for the future. 

This shows that there are several similarities between Norway and Canada, especially when it comes 

to governmental influence and governance. However, there are several dissimilarities as well, 

especially regarding the oil industry. The difference in the management of the oil revenues could be 

interesting to examine, but the other differences between the two countries would make it difficult to 

separate the effect of the management of the oil revenues and the effect of every other factor that 

impacts the consumer behavior.  

 

 

 

 


