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Abstract 

The purpose of this master thesis is to analyse to what degree the Norwegian mainland exports are 

affected by changes in the economic conditions of the receiver countries. The mainland exports 

have in 2012 reached a level higher than before the 2007 financial crisis, providing an impression 

that the Norwegian exports and thus the Norwegian economy is unaffected by the recent European 

sovereign debt crisis. An interesting question is whether the apparently stable nature of the 

mainland exports is merely a result of Norway engaging in trade with the countries that have not 

been critically affected by the debt crisis.  

 

A panel data analysis is applied to Norwegian mainland exports on a quarterly basis from 1989 to 

2012 for the 11 largest recipient countries. The model applied shows how the mainland exports are 

affected by the gross domestic product of the receiver countries, the real exchange rate between 

Norway and the recipient countries and the distance between Norway and the recipient countries. 

Traditional panel data estimators of fixed effects, random effects and pooled OLS are first applied, 

before taking on modern panel data estimation. The large time series dimension allows for a 

thorough analysis of the variables on a country-specific level, incorporating time series concepts 

like nonstationarity and cointegration. The final results are obtained by applying a dynamic error 

correction model for panel data.  

 

The overall results imply that the Norwegian mainland exports are in fact sensitive to changes in 

demand and competitive conditions. The results apply for the full sample, as well as for a 

subsample of the five largest countries. Examining the sample pre and post 2001 provides some 

indication that the effect has diminished over the past twenty years. However, the effect is still 

significant. The results support the theory that the apparent stability of the mainland exports may be 

a result of the stable economic conditions of the receiver countries. With this master thesis I hope to 

increase the awareness of the consequences applicable to the Norwegian economy if the economic 

crisis were to escalate and have a stronger effect on the countries that are important receiver 

countries of Norwegian mainland exports.  
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1. Introduction 

In 2012 aggregate Norwegian exports accounted for 936 billion Norwegian Kroner (NOK), which 

amounts to over 30 per cent of the Norwegian gross domestic product (GDP)
1
. It is needless to say 

that foreign trade has a substantial effect on the Norwegian economy. The exports affect domestic 

production and investment, employment, prices and salaries. Moreover, the export affects the 

current account balance (Benedictow, 2012).  

 

The Norwegian exports can be divided into oil-related and mainland exports, much like the 

Norwegian economy as a whole. In 2012 the Norwegian mainland exports accounted for 

approximately 40 per cent of the total exports
2
. Throughout this analysis I have chosen to focus on 

the mainland exports. Figure 1-1 shows the development of the exports over the past 20 years:  

 

Figure 1-1 

 

                                                        
1
 Appendix: Section 1 

2
 Appendix: Section 1 
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Through the 1990s until 2007 financial crisis, the Western economy experienced strong growth 

allowing Norwegian exports to reach new heights. When the 2007 financial crisis hit USA and 

Europe however, the conditions were altered. The Norwegian trade partners experienced problems 

of recession and insecurity. Consequently, Norwegian exports were subject to a sharp decline. In 

the aftermath of the 2007 financial crisis what is referred to as “the sovereign European debt crisis” 

evolved. The effect of the debt crisis is not yet apparent in foreign trade statistics, and the debate on 

whether and to what degree the debt crisis will have an effect on the Norwegian economy is raging 

in the Norwegian media.  

 

Thus far the development of Norwegian mainland export seems to have remained stable regardless 

of the on-going debt crisis. The mainland export level in 2012 was eight per cent higher than before 

the 2007 financial crisis
3
. The Governor of the Norwegian Central Bank, Øystein Olsen, described 

the present financial climate in Norway in the following way in a speech held April 4
th

, 2013: “The 

economic situation in Norway stands in contrast to the developments abroad. Norway´s economy is 

still growing and unemployment remains low. There is a tendency to see ourselves as a country 

apart.”
4
 The recent development in Norwegian mainland export strengthens the impression that 

Norway is “different”.  

 

A report published by the confederation of Norwegian Enterprise (Aarnes et al., 2012) suggests that 

the stability of the mainland exports through the recent debt crisis is merely a result of Norway 

engaging in trade with the countries that have handled the debt crisis in the best way. Norway´s 

most important trade partners are Sweden and Germany; two countries that have experienced 

continued economic growth after the 2007 financial crisis. The post crisis economic development of 

the PIIGS countries
5
 has been far worse. Similarly, the exports to those countries have decreased

6
. 

This is not evident in total mainland export because the export to the PIIGS countries account for a 

significantly smaller part of the Norwegian total mainland export.  

 

This master thesis is an attempt to assess whether the stability of the Norwegian export through the 

recent debt crisis is a result of the export being unaffected by changes in the economic conditions of 

                                                        
3
 Appendix: Section 1.  

4 Øystein Olsen, Guvernor of the Norwegian Central Bank, 04.04.2013 
5
 PIIGS = Portugal, Ireland, Italy, Greece and Spain 

6
 The exports to the PIIGS countries are analysed in an article by Dyrstad (2012) 
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the trade partners or if the export has remained stable simply because the economic climate of 

Norway´s most important receiver countries has remained relatively stable. If this is in fact the case, 

Norwegian policy makers should be aware of the risk that faces the Norwegian economy if the 

crisis was to escalate and affect the more important trade partners of Norway. 

1.1. Problem Statement 

The thesis provides an econometric analysis of the Norwegian mainland export designed to answer 

the following research questions:  

1. To what degree are the Norwegian mainland exports affected by its underlying drivers? 

2. Is the effect of the underlying drivers on Norwegian exports equal for a sample of the five 

largest receiver countries as it is for the full sample? 

3.  Has there been a change in the effect of the underlying drivers on the Norwegian 

mainland exports over the 20-year sample? 

1.2. Methodology 

The remainder of the thesis is organized as follows: Section 2 provides a literature review. Section 3 

introduces the gravity model and its theoretical foundation, before the gravity model is adjusted to 

better fit the Norwegian exports in particular. Section 4 presents the data and the seasonal 

adjustment procedure. Section 5 applies traditional estimation techniques for panel data. This 

includes pooled OLS, fixed effects and random effects estimation. Section 6 introduces modern 

estimation techniques for panel data. The stationary properties of each variable are examined, 

leading me to identify a cointegrated relationship among the variables. To incorporate both short 

and long term effects in the model, an error correction model is introduced. Further, a diagnostics 

check is performed to secure valid interpretation of the results. The results are presented and a 

robustness check is conducted. Finally, the modern estimation techniques are employed for further 

research. Section 7 provides a conclusion and section 8 provides a short criticism of the methods 

applied. Supportive calculations as well as output from Stata and E-views can be found in the 

appendix where it is relevant.  

2. Literature Review 

What is referred to in the literature as the “gravity model” has proven to be an effective tool in 

explaining bilateral trade flows as a function of two countries gross domestic products (GDP) and 
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the distance between their economic centres. A statement by Deardoff (1998) highlights its 

relevance: “I suspect that just about any plausible model of trade would yield something very like 

the gravity equation.” Eichengreen and Irwin (1998) further refer to the gravity model as “the 

workhorse for empirical studies to the virtual exclusion of other approaches”. The gravity model 

has been applied to model the exports of a number of different countries, such as Iceland 

(Kristjánsdóttir, 2005), Egypt (Hatab et al., 2010) and Ireland (Lawless, 2010). To the best of my 

knowledge, the only gravity model applied to Norwegian exports is the cross-section gravity model 

applied by Melchior et al. (2009). They analyse Norwegian disaggregated exports to 150 receiver 

countries for the purpose of estimating the effect of tariff costs in 2007.   

 

To better evaluate whether the gravity model is a suitable specification for Norwegian exports in 

particular, I have examined the MODAG and KVARTS macro econometric frameworks of 

Statistics Norway. As part of the official macro econometric frameworks Statistics Norway has 

developed a model of the underlying drivers of Norwegian exports. The model specification implies 

that the underlying drivers of export are 1) foreign demand and 2) the relation between the prices of 

Norwegian export goods and competing products, both denoted in Norwegian Kroner (NOK) 

(Benedictow 2012).  

 

Norwegian exports have as far as I know not previously been modelled in a dynamic panel 

framework and I firmly believe that this analysis will provide a valuable contribution to the 

literature.  

 3. Model Specification 

The model applied in this thesis is based on the standard gravity model, adjusted to apply to the 

Norwegian exports in particular. I will continue by introducing the standard gravity model and its 

underlying theory, before adjusting the model to Norwegian exports in particular.    

3.1 The Gravity Model 

The gravity model originates from the Law of Universal Gravitation in physics, which was 

developed by Isaac Newton in 1687 (Baldwin and Taglioni, 2006). The law of gravitation describes 

how two physical objects attract each other with a force proportional to the mass of each object that 
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is disproportional to the squared distance separating them. The attractive force between the two 

objects is quantified as follows:  

     
(    )

      
      (Eq. 3.1-1) 

 

Where     is the gravitational force between the two masses,    and    are the masses of the 

interacting objects,        is the distance between the two masses and G is an empirically 

determined gravitational constant.  

 

Tinbergen (1962) and Pöyhönen (1963) first applied the gravity equation to international trade 

flows to in the following way:  

  

           
    

      
  

        
  
        (Eq. 3.2-2) 

Exportij is interpreted as the export volume from country i to country j, the economic masses are 

represented by the GDP of country i and j and the distance refers to the geographical distance 

between the capital cities of the two countries. The model of Tinbergen does not imply direct 

proportionality between the dependent variable and the covariates like in the universal law of 

gravity. The coefficients        represent the elasticities of the GDP of the exporting country, the 

recipient country and the distance between them, and can take on different values than one. By 

taking the natural logarithms of equation (3.2-2) and adding an error term      , a linear relationship 

can be obtained: 

                                                              (Eq. 3.2-3) 

3.2 Theoretical Foundation of the Gravity Model 

Only intuitive justification was applied when Tinbergen (1962) and Pöyhönen (1963) first applied 

the gravity model. For that reason the model was for long criticised for not having a theoretical 

foundation and for being ad-hoc (Deardoff, 1998). All developments up to the early 1980’s 

concerned the empirics of the relationship, while the theoretical basis remained undeveloped. In 

1984 Deardoff referred to the gravity equation as having “somewhat dubious heritage”. This is 

certainly not the case anymore, as the authors who once criticised the model for not having a 

theoretical foundation since then have made an effort to find one. In his 1998 article Deardoff again 
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refers to the gravity equation, but this time he writes: “It is not all that difficult to justify even 

simple forms of the gravity equation from standard trade theories”.  

 

Anderson (1979) was one of the first to develop a theoretical framework for the gravity model.  

Since then it has been increasingly recognized that the gravity model can be derived from very 

different structural models including Ricardian models
7
, Hekscher-Ohlin models

8
 and increasing 

returns to scale models
9
. Irrelevant of the theoretical framework of reference, most of the modern 

mainstream foundations of the gravity equation are variants of the demand-driven model described 

in the appendix of Anderson (1979). Hence, I will continue summarizing the key theoretical points 

of this common framework. I will apply the Baldwin and Taglioni (2006) six-step approach: An 

extension of the basic outline of Anderson and Wincoop (2003), building on Anderson (1979).   

 

Baldwin & Taglioni’s six-step approach for deriving the gravity equation 

Step 1. The expenditure share identity 

The expenditure share identity for a single good exported from the exporting country i to the 

receiver country j can be formulated as follows: 

 

                         (Eq. 3.2.1-1) 

 

Where     is the price faced by consumers in the receiver country referred to as “the landed price”, 

    is the quantity of exports of a single product variation from the exporting country to the receiver 

country,    is the expenditure on tradable goods of the receiver country and         is the share of 

the receiver country’s expenditure on a typical variety of goods made in the exporting country.  

 

Step 2. The expenditure function: Shares depend on relative prices 

Established microeconomic theory states that the expenditure share is dependent on relative prices 

and income levels. For simplicity, the expenditure share is restricted to depend on relative prices 

only. Adapting a constant elasticity substitution (CES) demand function and assuming that all 

goods are traded, the imported good’s expenditure is linked to its relative price by: 

 

                                                        
7
 Eaton and Kortum (2002) 

8
 Deardoff (1998) 

9
 Krugman (1980), Bergstrand (1985), Helpman & Krugman (1985) 
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         (
   

  
)             (∑   (   )

   ) 
   

  (   )
           (Eq. 3.2.1-2) 

 

Where 
   

  
 is the real price of    ,    is the ideal CES price index of the receiver country, R is the 

number of nations that the receiver country purchases goods from including itself, σ is the elasticity 

of substitution among all varieties and    is the number of varieties exported from nation K. The 

variety of exported goods from nation K is assumed to be similar to avoid introducing a variety 

index.  

 

Combining 3.2.1-1 and 3.2.1-2 yields a product-specific import expenditure equation. However, the 

lack of detailed data on trade prices makes this equation difficult to calculate in practice. The 

problem is overcome by adding more structure in the following steps. 

  

Step 3. Adding the pass-through equation 

The definition of the landed price of the destination country is: 

                   (Eq. 3.2.1-3) 

 

Where    is the producer price in the exporting country,   is the bilateral mark-up and     reflects all 

trade costs, both natural and man-made. For simplicity the bilateral mark-up is set to one implying 

perfect competition with Armington goods. The Armington assumption implies that internationally 

traded products are differentiated by country of origin
10

. 

  

Step 4. Aggregating across individual goods 

The calculations so far yield per-variety exports. To obtain total bilateral exports from the exporting 

country to the receiver country the expenditure share function 3.2.1-1 is multiplied by the number 

of symmetric varieties that the exporting country can offer to find the total value of trade:  

                        (Eq. 3.2.1-4) 

 

       (     )
     

  
         (Eq. 3.2.1-5) 

 

                                                        
10

 Armington (1969) 
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Where     is the total value of trade and    is the number of symmetric product varieties that the 

exporting country has to offer. Step 5 employs the general equilibrium condition to the exporting 

country to compensate for the lack of data on the number of varieties and producer prices. 

 

Step 5. Using the general equilibrium of the exporter country to eliminate the nominal price 

The producer price,   , is assumed to adjust to a level where the exporting country will be able to 

sell all output either at home or abroad. The total value of trade, as expressed in equation 3.2.1-5 in 

the previous step, equals the exporting country’s sales to each market. The sum of the total sales in 

all markets, including the origin country’s own market, equals the total sales of goods by the 

exporting country. Assuming that markets clear, the wages and prices of the exporting country will 

adjust so that the total sales of the exporting country will equal the total of its produced goods. This 

can be expressed in mathematical terms: 

   ∑    
 
          (Eq. 3.2.1-6) 

 

Where    
 
is the output of the exporting country.  

 

Relating     to the underlying variables of step 4 yields the following market clearing condition for 

the exporting country: 

        
   ∑ (   

     

  
   )

 
        (Eq. 3.2.1-7) 

 

Where the summation is over all markets, including the exporting country´s own market. Solving 

for     
   yields: 

     
    

  

  
                     ∑    

     

  
    

 
       (Eq. 3.2.1-8) 

 

Where Ω represents the average of all receiver countries market demand weighted by trade costs. It 

has been named in many different ways in the literature, including market potential
11

, market 

openness
12

 and remoteness
13

. 

 

                                                        
11

 Head and Mayer (2004) 
12

 Anderson and Wincoop (2003) 
13

 Baier and Bergstrand (2009) 
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Step 6. A first-pass gravity equation 

Substituting equation 3.2.1-8 into 3.2.1-5 leaves a first-pass gravity equation: 

       
   (

    

    
   )       (Eq. 3.2.1-9) 

 

Taking the GDP of the exporting country as a proxy for its production of traded goods, the GDP of 

the receiving country as a proxy for its expenditure on traded goods and the distance between the 

two countries as a proxy for transportation costs, the expression can be re-written to equal the 

physical law of gravity:  

        
        

          
           (Eq. 3.2.1-10) 

 

               
 

  

 

  
     ,        ,          and 

 

          
       

    

 

Where      and      are the GDP of the exporting and the receiver countries respectively, 

distance is the physical distance between the two countries and G is the gravitational constant that 

will differ for each country pair.   

 

Baldwin and Taglioni (2006) make the assumption that bilateral trade costs depend only on 

distance, trying to resemble Newton’s Universal Law of Gravity as closely as possible. It should be 

noted that G will vary over time and not be constant like in the physical gravity equation.  

3.3 The adjusted Gravity Model 

I will make a few adjustments to the basic gravity model as specified in equation 3.2-3 to better 

capture the underlying drivers of Norwegian exports in particular. First, because the gravity model 

is applied to one exporting country only there is no need to include the subscript i for local country 

effects as it can be replaced by NO for Norway or simply dropped. I will do the latter for simplicity. 

Second, I will not include a variable for local country GDP. Examining the MODAG framework of 

Statistics Norway, local country GDP as well as other local country factors such as unemployment 

and capacity utilization are not expected to have a direct effect on Norwegian export volume. 

Figure 3.3-1 outlines the MODAG framework: 
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Figure 3.3-1
14

 

Source: Benedictow (2012) 

 

The local country factors are expected to have an indirect effect on export volume through its both 

direct and indirect effect on Norwegian export prices. For that reason I have chosen to include the 

real exchange rate (RER) as a proxy for competitive power, assuming that the effect of the 

Norwegian GDP on exports will enter the model through RER. This leaves the following equation: 

 

                                                           

 (Eq. 3.3-1) 

where j=1, …, N, t=1, …, T and       represents a random error term. 

 

In equation 3.3-1 the export from Norway to recipient country j at time t is denoted            . 

The export is modelled as a function of recipient country GDP at time t, denoted         , the real 

exchange rate between the recipient country and Norway at time t, denoted          and the 

distance between Norway and the recipient countries, denoted             . As indicated by the 

“log”-term in the specification, the variables are expressed in logarithms.   

 

                                                        
14

 - - - - dotted lines represent exogeneous variables.  
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The coefficients are expected to have the following effects on Norwegian exports, everything else 

held constant: 

       An increase in the GDP of country j is expected to increase the demand for imports 

and thus have a positive effect on Norwegian exports.  

      An increase in the real exchange rate expressed as foreign currency per Norwegian 

currency will imply an appreciation of the NOK. An appreciation of the NOK is 

expected to depress Norwegian exports by making Norwegian goods more expensive 

for the recipient countries.  

       Relatively further distance between Norway and the recipient country j is expected 

to depress trade.  

 

The expected magnitude of the effects is less clear-cut. Head and Mayer (2013) have collected 2508 

estimates from 159 papers applying the gravity model. The results suggest that the elasticities of 

receiver country GDP and distance are both expected to take on values close to unity. More 

specifically, the average GDP elasticity is 0.84 and the average distance elasticity is 0.93. Figure 

3.3-2 and 3.3-3 show the GDP elasticity for Japan-EU trade and the distance elasticity for French 

export in 2006:   

 

Figure 3.3-2      Figure 3.3-3 

Source: Head and Mayer (2013) 

Melchior, Zheng and Johnsen´s (2009) cross-section application of the gravity model to Norwegian 

exports yields a GDP elasticity ranging from 0.10-0.79 and a distance elasticity ranging from 

negative 0.32-0.98, varying according to the sector analysed.  
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The RER is not a standard variable in the gravity model and relatively few gravity papers include a 

measure for competitive power at all. Head and Mayer (2013) has identified 32 papers that involve 

regressing trade on measures of bilateral trade costs or export competitiveness such as wages, prices 

or the exchange rate. The study reveals a mean coefficient of 1.38. It should be noted that there are 

large standard deviations and differences depending on the estimation methods employed. Further, 

the authors note that measures based on the bilateral exchange rates tend to yield much smaller 

estimates than the other measures for competitiveness.     

 

Benedictow (2012) applies the export model specified in the KVARTS and MODAG frameworks 

of Statistics Norway to Norwegian export. The analysis is based on the export to all receiver 

countries from 1981-2010
15

. The long-term estimates show that a one-percentage point increase in 

foreign demand will increase aggregate exports by 0.68 percentage points, everything else held 

constant. This elasticity ranges from 0.13 to 1.99 for disaggregated exports. The export is 

disaggregated across sectors from forestry to information services. Further, if the competitive price 

measure increases by one percentage point, the aggregate export will increase by 1.28 per cent in 

the long-term.  

4. Data and Variable Description 

The gravity model is estimated on the basis of a panel dataset. Panel data or longitudinal data 

involve at least two dimensions by definition: A time series dimension and a cross-section 

dimension
16

. The time series consists of quarterly observations from the first quarter of 1989 to the 

third quarter of 2012, making up a total of 95 observations per time series
17

. The cross section 

dimension includes Norway’s 11 largest export partners in terms of real NOK. The panel is 

balanced, implying that all country-specific units are observed in all time periods, Tj = T for all j. 

The dataset qualifies as what is referred to as a macro or long panel, as both the cross-section and 

the time dimension are large. This is in contrast to the traditional micro or short panel that typically 

consists of a shorter time dimension and an extensive cross-section dimension.  

 

The choice of what countries to include is based on the recipient country´s relative share of 

Norwegian total mainland real exports from 1989-2012. Figure 4-1 provides an overview of the 

                                                        
15

 Due to data restrictions the model is applied using a smaller time dimension for a few sectors.  
16

 Baltagi 2008, p. 1 
17 Summary statistics can be found in the appendix, section 4.  
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distribution of the Norwegian mainland export aggregated from 1989-2012, measured in real 

values
18

:  

 

Figure 4-1 

The included countries are Denmark, Finland, France, Germany, Italy, Japan, the Netherlands, 

Spain, Sweden, USA and the UK. The 11 countries included in the analysis represent over 70 per 

cent of the mainland export
19

. The wide range of countries included in the analysis is expected to 

provide a detailed analysis of the Norwegian mainland exports. Sweden constitutes the largest 

receiver of Norwegian export and will thus be applied as an example whenever it is relevant 

throughout the analysis. 

4.1 The Dependent Variable    

Norwegian mainland export to recipient country j is applied as the dependent variable. It is 

measured in million NOK and deflated by a specific price index for Norwegian mainland export: 

                      
                

                         
    (Eq. 4.1-1) 

 

The data is generated from Statistics Norway. The definition of Norwegian mainland export 

includes goods other than crude oil, natural gas, natural gas condensates, ships and oil platforms
20

. 

From now on I will refer to the Norwegian mainland export when export is mentioned.  

                                                        
18

 The “all other countries category” consists of 243 countries, as well as international organizations. 
19

 Appendix: Section 4. 
20 Internet Reference: www.ssb.no 
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4.2 The Explanatory Variables 

4.2.1 Trade Partner GDP 

GDP is chosen as a proxy for country j´s demand for imports. The original GDP data is denoted in 

current values and country-specific currencies. The data is deflated by the recipient country j´s GDP 

deflator to obtain real GDP: 

          
    

             
      (Eq. 4.2.1-1) 

 

The data is extracted from the OECD iLibrary database.  

4.2.2 Real Exchange Rate 

The real exchange rate is chosen as a proxy for the competitive power of Norwegian export. 

Nominal exchange rates have been extracted from Bloomberg through Nordea Markets Norway 

with the help of Ole Håkon Eek-Nielsen. The real exchange rate is defined as foreign currency per 

NOK, multiplied by the ratio of the Norwegian GDP deflator and country j´s GDP deflator:  

 

                                   
          

    
    (Eq. 4.2.2-1) 

 

                                                                   
               

             
 

(Eq. 4.2.2-2) 

 

For countries that adopted the Euro in January 1999, the hypothetical               exchange 

rate is applied rather than the EUR / NOK exchange rate post 1999. One such example is Germany. 

The local currency in Germany was Deutsche Mark (DEM) pre 1999. The exchange rate applied 

before 1999 is the actual DEM / NOK exchange rate, while after 1999 an estimate of the DEM / 

NOK exchange rate is applied as if it was to continue existing. This is done to capture country-

specific fluctuations in the exchange rate.  

4.2.3 Distance 

Distance is included as a proxy for transportation costs. The distance variable is measured as the 

number of kilometres from Oslo, the capital of Norway, to the capital of country j. The data is 

extracted from Le Centre dÉtudes Prospectives et d`Informations Internationales (CEPII). 
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4.3 Alternative Variables 

4.3.1 Alternative Dependent Variables 

Statistics Norway publishes export from Norway to its trade partners in terms of volume as well as 

value. Rather than export value in real NOK, the export variable could have been denoted in tonnes. 

Due to the scope of this analysis I have limited the analysis to cover aggregate mainland export. It 

would be interesting to apply the analysis on a SITC commodity group level to emphasize and 

compare the dynamics of each commodity group. Moreover, the gravity model has often been 

applied to imports and the sum of imports and exports, as well as for exports only.  

4.3.2 Alternative Explanatory Variables 

The model of this analysis is based on the gravity model, adjusted and augmented with a RER 

variable inspired by the econometric framework of Statistics Norway. Alternatively, I could have 

specified the model as it is done by Statistics Norway. As an alternative to the GDP of country j, 

country-specific import indices could be employed to measure the activity level of the receiver 

countries. As an alternative to the RER, Statistics Norway´s measure for competitiveness is denoted 

PA/PK (Benedictow, 2012). PA is a proxy for the import price of the Norwegian export good 

measured as the Norwegian export price. PK is the import price of foreign goods, as a proxy for the 

competing price of the Norwegian export good. Both PA and PK are calculated excluding transport 

costs and customs. For further analysis it would be interesting to include a measure for RER 

volatility to estimate the effect of currency fluctuations on export.  

4.4 Seasonal Adjustment 

Seasonality is defined as the systematic movements that occur within a year at given points in time 

each year (Pedersen and Fæste, 2006). Generally, economic activity is expected to decrease during 

summer due to lower production in June and July and to increase in November and December 

because of Christmas shopping. To say that the value of the GDP is higher in November and 

December than in the rest of the year might be true, but what is interesting is whether the GDP data 

exhibits higher values during Christmas time this year compared to previous years. For this reason 

econometric analysis is often performed using seasonally adjusted data. Seasonally adjusted data for 

the GDP series are easily available and frequently employed. However, this is not the case for 

exports disaggregated across receiver countries. Further, a seasonally adjusted GDP deflator for 

Sweden is not available prior to 1992. For these data series I have conducted the seasonal 
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adjustment procedure myself by applying the X 12 ARIMA method developed by the US Census 

Bureau. I will continue providing a short summary of the seasonal adjustment procedure. The 

results and methodology are described in detail in attachment 1: X 12 ARIMA. 

 

The purpose of seasonal adjustment is to remove systematic calendar related variation and facilitate 

comparison between consecutive time periods
21

.  This is illustrated in figure 4.4-1 that plots the 

unadjusted and the seasonally adjusted export time series from Norway to Sweden: 

 

Figure 4.4-1 

In the process of seasonal adjustment the observed time series is generally broken down into three 

broad and distinctly different components, namely trend behavior (Tr), irregular fluctuations (I) and 

seasonal effects (S). Each type of behavior represents the impact of certain types of real world 

events on the data:  

 

1. The trend behavior is a reflection of the underlying behavior and direction of the series. It 

captures the long-term movement of the time series, including both trends and business cycles. This 

is necessary as most series in economics display trends due to inflation and economic growth.  

    

2. The seasonal component consists of effects that are reasonably stable with regards to timing, 

direction and magnitude. It arises from systematic, calendar related influences such as natural 

conditions, business and administrative procedures and cultural behavior. Other calendar effects 

relate to factors that may vary from year to year, such as trading day effects or moving holidays.  

 

3.  Irregular fluctuations may occur as a result of unpredictable or unexpected factors, such as 

sampling-error, unseasonable weather, natural disasters or strikes. The contribution of the irregular 

component will generally vary in direction or magnitude.  

                                                        
21
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The seasonal adjustment process can be performed applying either a multiplicative or an additive 

model:   

 

Multiplicative model:    O = Tr x S x I        (Eq. 4.4-1) 

Additive model:     O = Tr + S + I        (Eq. 4.4-2) 

 

A multiplicative decomposition fits a time series where the seasonal effects change proportionally 

with the trend. This can be confirmed examining a graph of the time series: When the trend of a 

time series is increasing in magnitude, the seasonal effect will intensify. Accordingly, when the 

trend is decreasing in magnitude, the seasonal effects will diminish too. In practice, most economic 

time series exhibit a multiplicative relationship. This is the case for all the export time series of this 

analysis. The multiplicative pattern can be studied in graph 4.4-1 of the export to Sweden.   

The additive adjustment method on the other hand fits a time series where the seasonal effects 

remain broadly constant and independent of the trend movement. An example of an additive series 

is the Swedish GDP deflator plotted below in figure 4.4-2:  

 

Figure 4.4-2 

 The seasonally adjusted series is obtained after estimating and removing the seasonal component in 

the following way for the two models respectively:  

 

Seasonally adjusted series for the multiplicative model:  
 

 
           (Eq. 4.4-3) 

Seasonally adjusted series for the additive model:     –                (Eq. 4.4-4) 

 

It should be noted that seasonal adjustment of volatile time series like export is not straightforward 

and may lead to results of poor quality. Before 1996, Statistics Norway did not publish seasonally 

adjusted trade data at all (Pham, 1996). Abrupt changes in the original data will increase the 
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irregular component, I, resulting in higher values of the relations I/S and I/T. In practice this leads 

to difficulties in estimating the seasonal component accurately, leaving a part of the irregular 

component in the seasonal component. This is reflected in the diagnostics reported in the X12 

ARIMA output of the seasonal adjustment of the export from Norway to each of the receiver 

countries
22

. To obtain smoother results and enhance the quality of the seasonal adjustment, I have 

chosen to replace the outliers identified by the X12 ARIMA programme with their trend values. 

This method has previously been applied by Statistics New Zealand when publishing seasonally 

adjusted export data (Pham, 1996). Pham (2006) argues that this should not be the preferred method 

as it results in a loss of information of the extreme values. However, due to the scope of this thesis 

and the number of outliers identified I have not been able to identify the underlying causes of the 

outliers. Consequently, I believe that replacing the outliers with their trend values will be sufficient 

for my purpose.  

5. Traditional Estimation 

Before 1990 most researchers applied cross-sectional data to estimate the gravity model. More 

recent empirical literature has demonstrated that the estimation of the gravity model is sensitive to 

specification. Egger (2000), among others, argues that a panel framework reveals several 

advantages over simple cross-section analysis in gravity models. Baltagi (2008) summarizes the 

main benefits of using panel data:  

 

1) Controlling for individual heterogeneity. Panel data suggests that individuals, firms, states 

or countries are heterogeneous.  

2) Panel data provide more informative data, more variability, less collinearity among the 

variables, more degrees of freedom and more efficiency.   

3) Panel data facilitate studies of the dynamics of adjustment.  

4) Panel data are better able to identify and measure effects that are not detectable in pure 

cross-section or pure time-series data.  

5) Panel data allow for constructing and testing more complicated behaviour models than 

purely cross-section or time-series data.  

                                                        
22 The seasonal adjustment diagnostics are reported and evaluated in detail in Attachement 1: X12 ARIMA Seasonal 

Adjustment 
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6) The length of macro panel data yields panel unit root tests with standard asymptotic 

distributions, unlike the problem of nonstandard distributions typical of unit root tests in 

time-series data.  

Among the benefits of panel data, the ability to control for individual heterogeneity has received the 

most attention. Accounting for heterogeneity in a gravity framework will allow the exports to each 

country to be affected differently by the explanatory variables. Differences may arise due to 

historical, political, ethnic or geographic factors. A number of cross-section studies of the gravity 

model have to some extent tried controlling for the heterogeneity bias by including controls for 

whether trading partners share a common language, colonial history or are part of the same military 

or political alliance. However, such factors are often difficult to observe and let alone quantify. Of 

that reason Cheng and Wall (2005) argue that standard cross-section estimation of the gravity 

model yields biased results.   

 

I will start by estimating the augmented gravity equation for panel data using simple pooled OLS 

(POLS), deliberately failing to account for country heterogeneity to make grounds for comparison. 

Further, I will apply both fixed and random effect estimation methods (FE and RE) allowing for 

country heterogeneity.  

5.1 Pooled OLS 

POLS is also referred to as “constant coefficients modelling”
23

. As the name suggests POLS 

involves pooling the observations of all cross-sections into one dataset, while imposing a common 

set of parameters on the variables. Restricting all coefficients including the intercept, to be equal 

across countries allows for no distinctions among the countries included
24

. This is a restrictive 

assumption because it implies that the effect of GDP, RER and distance on exports is the same for 

all countries. In practice, constraining the intercept to be equal across countries is useful only when 

countries are expected to be homogeneous a priori. The heterogeneity that may exist among the 

countries is left to the error term. These unobserved effects may result in omitted variable bias. As a 

consequence, there is a risk that the error term will be correlated with the explanatory variables. If 

that is the case, the estimated coefficients may be biased as well as inconsistent.  

                                                        
23

 Gujarati and Porter 2009, page 594 
24

 Hall 2011, p. 416 
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5.2 Fixed Effects Estimation 

FE estimation relies on the assumption that the unobserved heterogeneous components are constant 

over time. This allows for a limited form of endogeneity, permitting the covariates to be correlated 

with the time-invariant part of the error term. FE can be applied in two ways: The Fixed Effects 

Within Group (FEWG) estimator and the Fixed Effects Least-Squares Dummy Variables (LSDV) 

model. 

5.2.1 Fixed Effects Within Group Estimation 

Expressing the variables as deviations from their individual mean values can eliminate the time 

invariant heterogeneous effects
25

. A pooled regression model based on the mean corrected variables 

is referred to as the “within model” or the “mean differenced model”:  

(                      ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)

   ((                ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅))    (               ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 )  (          ̅̅ ̅̅ ̅) 

 (Eq. 5.2.1-1) 

 

The OLS estimation will provide consistent estimates of the elasticities of the covariates even if the 

heterogeneous effects are correlated with the covariates. A disadvantage of applying the FEWG 

model is the inability to estimate the coefficient of time-invariant regressors like distance.  

I have applied FEWG in Stata using the “xtreg” command using the “fe” option, where Stata 

actually fits the model
26

:  

(                      ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅           ̿̿ ̿̿ ̿̿ ̿̿ ̿̿ ̿̿ ̿̿ )

   (                ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅        ̿̿ ̿̿ ̿̿ ̿̿ ̿̿ )    (                ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅        ̅̅ ̅̅ ̅̅ ̅̅ ̅̅̿̿ ̿̿ ̿̿ ̿̿ ̿̿ )

 (          ̅̅ ̅̅ ̅     ̿̿̿̿̿)  

(Eq. 5.2.1-2) 

 

The FEWG model is augmented by the grand mean of each variable. For log Export the grand mean 

can be calculated as: 

         ̿̿ ̿̿ ̿̿ ̿̿ ̿̿ ̿̿ ̿̿  ∑ ∑              (   )     (Eq. 5.2.1-3) 

 

                                                        
25

 Gujarati and Porter 2009, page 599 
26

 Stata Quick Reference and Index:  Xtreg, FE command 
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This parameterization has the advantage of providing an average intercept estimate of the country-

specific effects, without affecting the slope estimates provided from the mean corrected FEWG.  

5.2.2 Least Squares Dummy Variables Estimation 

The least squares dummy variable estimator (LSDV) offers an alternative solution to extract the 

fixed effects. The LSDV estimator allows for heterogeneity among the countries by allowing each 

country to have a unique intercept value
27

. The estimates are obtained from the OLS estimation of 

the dependent variable on the covariates and the j country-specific effects Dj,t, j=1, …, N-1
28

. The 

model is augmented by N-1 dummy variables
29

:  

 

                                                               (Eq. 5.2.2-1) 

 

To avoid perfect collinearity, Sweden is treated as the reference country. The intercept will 

represent the intercept value of the export to Sweden, while the coefficients of the dummy variables 

will show to what degree the intercepts of the remaining countries differs from that of Sweden. The 

results of the LSDV estimator can be shown to equal the results of the FEWG. The LSDV estimator 

has however, like the FEWG estimator, problems estimating the effect of time-invariant variables 

such as distance. The dummy variables included absorb all heterogeneity that may exist in the 

variables. As a consequence, time-invariant variables are sometimes called nuisance variables or 

lurking variables in LSDV estimation. To avoid biased estimates, the distance variable is excluded 

from the model.  

 

The validity of the FE method can be assessed by testing the joint significance of the country-

specific dummy variables of the LSDV regression
30

. The standard F test will be applied to test FE 

versus POLS, excluding the distance variable. The hypotheses are:  

 

H0:                    Homogeneity 

H0:                       Heterogeneity 

 

 

                                                        
27

 Gujarati and Porter 2009, page 596 
28

 Gujarati and Porter 2009, page 598 
29

 The dummy variable for N=1 equals 1 whenever the export is to country 1 and 0 otherwise. 
30

 Hall 2011, page 418 
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The F-statistic is estimated as follows:  

 

  
     
       

 

 

       
 

    

  
         

  
      

          

                (Eq. 5.2.2-2) 

 

Where R
2

FE and R
2

POLS are the explanatory power of respectively the LSDV and the POLS 

regressions. The test statistic follows the F-distribution with m=10 and NT-k =1032 degrees of 

freedom. m is the number of restrictions added and k is the number of parameters estimated in the 

LSDV model, including the intercept. The null hypothesis of homogeneity can be rejected, as the F-

statistic of 86.40 is higher than the critical value of 2.13 at a one per cent level.  The results indicate 

that the FE model is preferred over the POLS model.  

5.3 Random Effects Estimation 

RE is more parsimonious in that it relies on the assumption that the unobserved heterogeneous 

effects are random and absorbed in the error term
31

. The intercept value can be expressed as:  

 

            (     )                                              

 

Reorganizing yields:   

                                                    (        )  

 

Including the unobserved heterogeneous effects in the error term results in the following RE model:  

  

                                                          (Eq. 5.3-1) 

   

where     (        ).  

 

The error term     consists of two components:    representing the individual differences in the 

intercept values of each country and      , which is the combined time series and cross-section 

error component. The RE model is most appropriately estimated by generalized least squares 

                                                        
31
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(GLS). A disadvantage of the RE model is that it is necessary to make specific assumptions about 

the distribution of the random component,   . It is also very important that the random component 

does not correlate with any of the explanatory variables. In case of correlation, the estimates of the 

RE model will be biased and inconsistent. An advantage of the RE estimator is the possibility to 

include time-invariant variables. This allows me to estimate the effect of distance on exports.   

5.4 Results 

Table 5.4-1 presents the results of the augmented gravity model estimated by POLS, FE and RE 

estimators
32

:  

 POLS FE RE 

LogGDP 0.36*** 

(0.01) 

2.02*** 

(0.05) 

1.45*** 

(0.04) 

LogRER -0.10*** 

(0.01) 

-0.46*** 

(0.04) 

-0.09*** 

(0.03) 

LogDistance -0.31*** 

(0.01) 

 -0.67*** 

(0.11) 

Constant 4.25*** 

(0.15) 

-20.47*** 

(0.68) 

-8.01*** 

(0.94) 

The Hausman Test 

 Test statistic   

FE vs RE 242.60 

(0.00) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively.  

Regression Results: Standard errors in parentheses. Hausman Test: P-values in parentheses. 

Table 5.4-1 

All the variables have the expected signs and are individually significant across all three 

specifications, assuming that all assumptions of the classical linear regression model (CLRM) hold 

true
33

. The F-test of the joint significance of the individual country dummy variables performed in 

section 5.2 indicates that heterogeneous effects are present. Of that reason it is no surprise that there 

are significant differences between the POLS and the FE estimates. The FE estimates are larger in 

                                                        
32 Stata output can be found in the appendix, section 5. 
33

 I will come back to the CLRM in section 6.5.  
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magnitude for both GDP and RER. This implies that neglecting the heterogeneous effects 

introduces a downward bias to the POLS estimates.  

 

A comparison of the FE and RE estimates reveals differences among the two. The choice between 

FE and RE estimation can be made on the basis of the Hausman test
34

. The Hausman test is based 

on the following chi-square distributed test-statistic: 

 

  ( ̂    ̂  )  [   ( ̂  )     ( ̂  )]  ( ̂    ̂  )    (Eq. 5.4-1) 

 

The hypotheses are:  

H0: The difference in coefficients is not systematic 

H1: The difference in coefficients is systematic 

 

The null hypothesis that the difference in coefficients is not systematic implies that there are no 

correlation between the heterogeneous effects and the explanatory variables. Both OLS and GLS 

estimation will yield consistent estimates, but only the GLS estimates will be efficient. In case the 

null hypothesis cannot be accepted, the result of the Hausman test suggests that the difference in 

coefficients is systematic and thus indicates that the heterogeneous effects are correlated with the 

explanatory variables. In this case the OLS estimates will be consistent, while the GLS estimates 

will be inconsistent. 

 

The test statistic is 242.60, higher than the chi-square critical value of 9.21 at a one percent level 

with two degrees of freedom. The null hypothesis is rejected. According to the Hausman test, the 

RE estimator is not appropriate because the heterogeneous effects are probably correlated with one 

or more regressors. Consequently, the FE estimator is preferred over RE estimator.  

 

The overall R
2
 of the FE model is 93.69 per cent, suggesting that the variables explain most of the 

variations in export. The FE results presented in table 5.4-2 show that the effect of GDP on export 

is positive. An average one-percentage increase in the GDP of the recipient countries will increase 

Norwegian exports by 2.02 per cent. Similarly, for the RER, a one per cent appreciation of the NOK 

will decrease Norwegian exports by 0.46 per cent. This is in line with theory and previous 
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expectations. The magnitude of the estimates is however larger than expected for the GDP variable 

and somewhat smaller than expected for the RER variable
35

. To remind the reader, the prior 

expectations of the magnitude of the RER variable was somewhat unclear, as it is not a standard 

variable in the gravity model and the available research on Norwegian mainland export is limited. 

As explained, the FE estimator by definition does not provide an estimate on the effect of the 

distance variable on exports.  

 

I will continue by further examining the effect of GDP and RER on exports applying modern 

estimation techniques for panel data. 

6. Modern Estimation 

Accounting for heterogeneity in a gravity framework will allow the exports to each country to be 

affected differently by the explanatory variables. 

As data has become more available, panel data models have been estimated on the basis of time 

series including longer time dimensions. The asymptotics of large N, large T dynamic panels are 

different from the asymptotic of the traditional large N, small T dynamic panels
36

. Allowing T to 

increase to infinity generated two strands of ideas. First, the implicit assumption of homogeneous 

slope coefficients has been questioned. Traditional estimation techniques such as FE and RE rely as 

established on the assumption that all coefficients aside from the intercept are equal across cross-

sections. One of the central findings of the large N, large T literature however, is that the 

assumption of homogeneity of slope parameters is often inappropriate (Im et al., 2003). 

Homogeneity of slope parameters implies that the estimated effect of the explanatory variables on 

export will be constant for all countries, while the variation is left to the intercept only. Neither the 

impact nor the adjustment to change would be allowed to vary across countries. Modern estimation 

techniques allow heterogeneity for slope parameters as well as for the intercept: 

 

                                                               (Eq. 6-1) 

 

                                                        
35

 The expectations of the direction and magnitude of the explanatory variables were presented in section 3.3. 
36

 Baltagi 2008, page 273 
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Estimation allowing for heterogeneous slope coefficients makes it possible to analyse whether the 

effect of GDP and RER on export is different across countries. Second, as the literature has shifted 

from a small to a large time dimension, applied time series procedures have been applied to panels. 

This has introduced concepts such as nonstationarity, spurious regression and cointegration in 

panels. As stated by Baltagi (2009): “With large N, large T macro panels, nonstationarity deserves 

more attention.” Time series concepts have received little attention in the traditional gravity 

literature and most analyses have been carried out without accounting for nonstationarity. This is a 

restrictive assumption considering that variables like Export, GDP and RER are generally expected 

to be nonstationary.  

 

The large time dimension of this analysis makes it possible to estimate regressions for each country 

separately, allowing for a more detailed analysis of each variable. I will continue testing for 

stationarity and cointegration, before estimating the gravity model on the basis of error correction 

techniques developed by Pesaran, Shin and Smith (1997, 1998). This will account for the 

nonstationary and dynamic nature of the panel, in which the parameters are heterogeneous across 

groups. The time invariant nature of the distance variable has lead me to leave the distance variable 

out of the analysis.  

6.1 Stationarity 

Understanding the properties of each variable included in a time series regression model is 

essential. A key assumption of the underlying variable    is that it is stationary. A covariance 

stationary or weakly stationary process is a stochastic process where the mean, variance and 

covariance at various lags L are constant over time. The formal properties are
37

: 

Mean:   (  )   ̅          (Eq. 6.1-1) 

Variance:           (  )   (    ̅)
        (Eq. 6.1-2) 

Covariance:         (       )   [(    ̅)(      ̅)]                     (Eq. 6.1-3) 

 

Stationary time series will revert to their long-term mean values. Any shock to the series will be 

temporary and over time the effect of a shock will cancel out. In contrast, nonstationary variables 
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are time-dependent.
38

 There is no long-run mean to which the series returns, the variance will 

depend on time and it will go to infinity as time goes to infinity. Results from regressions including 

nonstationary variables cannot be generalized to other time periods. The standard assumptions will 

not be applicable and the estimates will not follow a standard distribution, making it impossible to 

validly undertake hypotheses tests.
39

 An analysis based on nonstationary variables may also result 

in a spurious regression, where a relationship occurs between the variables despite no direct 

underlying connection between them.
40

 

 

The nature of a nonstationary process may follow a simple random walk, a random walk with a 

stochastic trend or a random walk with drift around a deterministic trend.
41

 A time series is said to 

follow a random walk when the mean of Y is equal to its initial value, but the variance increases 

indefinitely. In cases where the mean increases (or decreases) as the variance increases, the variable 

is said to follow a random walk with a trend. Whether the trend is stochastic or deterministic 

depends on its characteristics. A stochastic trend series is evolving over time as a result of shocks 

that may or may not have a significant effect over a short time period, but where the cumulative 

trend effect will affect the long-run course of the series
42

. The process is not mean reverting, but its 

development will be affected by past observations. A trend is deterministic by definition when 

deviations from the trend line are purely random and will die out quickly
43

. Shocks will not 

contribute to the long-run development of the time series, which is determined by the trend 

component. 

 

The adoption and adjustment of stationarity tests for panels is still in progress because 

nonstationarity has been ignored until recently
44

. To secure a valid analysis, the variables are first 

examined separately on a country-specific level in support of the panel unit root tests. 
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6.1.1 Country-Specific Unit Root Tests 

Testing for stationarity of the country-specific time series variables can be done in different ways 

and should include both a graphical and a numerical investigation.
45

 I will start by a visual 

inspection of the variables.  

 

Graphical inspection 

Line plot  

A line plot provides an illustration of the behaviour of the variables over time, and will reveal any 

trending behaviour.
46

 Figure 6.1.1-1 shows a line plot of the logarithm of the export from Norway 

to Sweden: 

 

Figure 6.1.1-1 

The line plot demonstrates what seems to be an upward sloping trend. The export time series does 

not seem to grow around a constant trend, but its development seem to be a result of historical 

values and shocks to the system. Examining the line plot, the exports seem to be increasing more 

intensively in the beginning of the sample before stabilizing towards the end of the sample period. 

This suggests that the trend is stochastic rather than deterministic in nature. Similar patterns can be 

found in the exports from Norway to the remaining recipient countries
47

.  
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Figure 6.1.1-2 displays the logarithm of the GDP of Sweden over time:  

  

Figure 6.1.1-2 

 

GDP time series is generally assumed to follow a deterministic trend. This seems to be the case also 

for Sweden. The line plot reveals shocks to the system during the banking crisis in the early nineties 

and the 2007 financial crisis. By definition, a deterministic trend series will return to its long run 

trend after a shock has occurred. Examining the line plot, neither of the shocks affecting Swedish 

GDP seems to have a lasting effect. Similar shocks have affected the GDP series of the remaining 

recipient countries and in most cases the GDP seem to return to the trend slopes after a relatively 

short amount of time. My impression is that the GDP time series follows a deterministic trend.  

 

Figure 6.1.1-3 graphs the logarithm of the SEK / NOK real exchange rate:  

 

Figure 6.1.1-3 

The RER between Norway and Sweden reveals an upward sloping pattern, as a result of the 

appreciation of the NOK over the twenty-year sample. Examining the line plot, the upward sloping 

movement does not seem to evolve around a constant trend. More specifically, the appreciation 

seems to be stronger in the most recent part of the sample suggesting that the SEK / NOK RER 

follows a stochastic trend. This is a common assumption concerning the behaviour of RER time 
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series, as well as for the time series of other asset prices
48

. The RER for Norway and the remaining 

recipient countries reveal similar tendencies. 

 

The graphical analysis of the export, GDP and RER series indicates that all variables follow upward 

sloping trends, leading me to suspect that the variables are nonstationary. I will proceed with a more 

thorough investigation for nonstationarity applying the Box-Jenkins method, before I will conduct a 

numerical analysis.  

 

The ACF correlogram  

A simple test for stationarity is based on an inspection of the autocorrelation function (ACF)
49

. The 

ACF at lag L, denoted by   , is defined as:  

  ̂  
    (       )

    (  )
      (Eq. 6.1.1-1) 

 

This is simply the ratio of the sample covariance at lag L and the sample variance. A plot of    

against l is known as an ACF correlogram. If the ACF correlogram exhibits values around zero, the 

time series is stationary. An exponentially decaying ACF with high values indicates a nonstationary 

time series.
50

 A rule of thumb is to compute lags up to one-third to one-quarter the length of the 

series.
51

 In this case a lag of 30 is chosen, making up a third of the 95 observations included.  

 

Figure 6.1.1-4, 6.1.1-5 and 6.1.1-6 show the ACF correlograms of the export to Sweden, the 

Swedish GDP and the SEK/NOK RER: 

 

Figure 6.1.1-4     Figure 6.1.1-5     Figure 6.1.1-6   
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The ACF graphs decay exponentially with various significant lags. Examining the ACF graphs of 

the remaining variables, they all show equivalent patterns supporting the previous impression of 

nonstationarity obtained from the line plots
52

. 

 

Numerical investigation  

The Dickey-Fuller unit root test 

A formal procedure to test for nonstationarity is known as the Dickey-Fuller unit root (DF) test, 

where testing for nonstationarity is equivalent to testing for the existence of a unit root in the time 

series.
53

 If a nonstationary series must be differenced d times before it becomes stationary, it is said 

to be integrated of order d, expressed as I(d). Macroeconomic data generally becomes stationary 

after taking the first difference. This is referred to as a unit root I(1). Before applying the test the 

nature of the unit root process needs to be identified. The random walk processes can be written as: 

  

Simple random walk:         

                (Eq. 6.1.1-1) 

Random walk with drift (stochastic trend):    

                 (Eq. 6.1.1-2) 

Random walk with drift around a deterministic trend:  

                      (Eq. 6.1.1-3) 

Where t is a trend variable and    is a white noise error term.  

 

If     a unit root is present. This cannot be tested straightforward by OLS because the test-

statistics will be severely biased in the presence of a unit root. Therefore, taking the simple random 

walk as an example, Eq 6.1.1-1 is manipulated by subtracting a lagged value of the dependent 

variable from each side of the equation: 

 

                             

 

Leaving: 

    (   )              

                                                        
52 Appendix: Section 6.1.1 
53

 Gujarati and Porter 2009, page 754 
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Alternatively written as: 

                  (Eq. 6.1.1-4) 

where   (   ).  

 

Instead of testing equation 6.1.1-1, equation 6.1.1-4 can be tested. The same logic applies when a 

constant and a trend is present.  

 

The DF test rests on the assumption of an uncorrelated error term,   
54

. Serial correlated error terms 

tend to be present in most macroeconomic time series data because successive observations are 

likely to be interdependent.
55

 To account for this I will proceed by applying the Breusch Godfrey 

(BG) test for autocorrelation to detect any serial correlation present in the time series, before 

applying the augmented DF test (ADF-test) to correct for it.  

 

The Breusch-Godfrey test 

The BG test is a general test for autocorrelation
56

. By running the following model, autoregressive 

schemes up to fourth order (p=4) are tested in order to detect potential correlation of the error terms:  

 

                                    (Eq. 6.1.1-5) 

where    is a randomly distributed error term. 

 

The hypotheses to be tested: 

H0:                 No autocorrelation 

H1:  At least one    0   Autocorrelation  

 

The test statistic is asymptotically equal to (   )   obtained from the auxiliary regression and 

follows a chi-square distribution with l df. n represents the total number of observations. The choice 

of p is arbitrary and the 4th order is chosen because of the quarterly nature of the data. 

 

 

                                                        
54

 Gujarati and Porter 2009, page 757 
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56
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The Augmented Dickey-Fuller unit root test 

The Augmented Dickey-Fuller (ADF) unit root test includes extra lagged terms of the dependent 

variable to eliminate autocorrelation. The lag length p to include is given by the number of lags 

necessary to make the residuals uncorrelated, merely the result of the BG test.
57

 The ADF tests are 

based on the following equations:  

 

Simple random walk:       

           ∑   
 
                 (Eq. 6.1.1-6) 

Random walk with drift (stochastic trend):   

              ∑   
 
               (Eq. 6.1.1-7) 

Random walk with drift around a deterministic trend: 

                  ∑   
 
             (Eq. 6.1.1-8) 

 

The hypotheses are: 

H0:  δ = 0  Non-stationarity 

H1:  δ < 0  Stationarity 

 

The critical values follow the Dickey-Fuller τ (tau)-statistic.
58

 It is critical to note that the critical 

values are different for each of the three random walk specifications of the ADF test.  

 

Unless the data generating process is known in advance, there is a question of whether equation 

6.1.1-6, 6.1.1-7 or 6.1.1-8 is most appropriate to estimate. Relying on the results of the graphical 

analysis I will proceed assuming that the export and RER time series follow stochastic trends, while 

the GDP time series follows a deterministic trend. In the ADF language this translates to a random 

walk with drift or a random walk with drift around a deterministic trend, modelled by equation 

6.1.1-7 and 6.1.1-8 respectively.  
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Results of the Country-Specific Unit Root Tests 

The results of the ADF and Breusch Godfrey tests are summarized in the below table
59

:  

 logExport logGDP logRER 

Country Lags Model ADF 

statistic 

Lags Model ADF 

statistic 

Lags Model ADF 

statistic 

Denmark 4 Constant  -2.485 

(0.12) 

0 Constant 

+ Trend 

-0.98 

(0.95) 

0 Constant -0.35 

(0.92) 

Finland 1 Constant -2.05 

(0.26) 

4 

 

Constant 

+ Trend 

-3.623** 

(0.03) 

0 Constant -0.72 

(0.84) 

France 1 Constant -3.59** 

(0.01) 

2 Constant 

+ Trend 

-1.61 

(0.79) 

0 Constant -0.04 

(0.95) 

Germany 1 Constant -2.65* 

(0.08) 

1 Constant 

+ Trend  

-3.567** 

(0.03) 

0 Constant 0.31 

(0.98) 

Italy 

 

1 Constant -0.97 

(0.76) 

0 

 

Constant 

+ Trend 

-0.25 

(0.99) 

0 Constant -0.65 

(0.86) 

Japan 1 Constant -2.73* 

(0.07) 

0 

 

Constant 

+ Trend 

-0.25 

(0.99) 

0 Constant  -0.87 

(0.80) 

Netherlands 1 Constant  -0.97 

(0.76) 

1 Constant 

+ Trend 

0.01** 

(0.99) 

0 Constant -0.13 

(0.95) 

Spain 2 Constant -2.58 

(0.10) 

4 Constant 

+ Trend 

-0.39 

(0.99) 

0 Constant -0.66 

(0.86) 

Sweden 1 Constant -2.00 

(0.28) 

3 Constant 

+ Trend 

-3.49** 

(0.04) 

0 Constant -0.46 

(0.90) 

UK 2 

 

Constant 

 

-2.08 

(0.25) 

1 Constant 

+ Trend 

-0.60 

(0.98) 

0 Constant -0.25 

(0.93) 

USA 2 Constant -1.00 

(0.75) 

1 Constant 

+ Trend 

-0.73 

(0.97) 

0 Constant -0.90 

(0.79) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.1.1-1 

                                                        
59 Stata output can be found in the appendix, section 6.1.1 
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For the case of Swedish export the final ADF test is performed based on equation 6.1.1-7, including 

one lagged difference to correct for autocorrelation: 

 

                                                   (Eq. 6.1.1-11) 

 

The absolute value of the ADF-test statistic is 2.00, below the critical value of 2.90 at a five per 

cent level. The null hypothesis of nonstationarity cannot be rejected. For the GDP of Sweden, the 

ADF test is conducted estimating equation 6.1.1-8, including an intercept, a trend and three lagged 

differences to correct for autocorrelation. The absolute value of the ADF test statistic is 3.49, below 

the critical value of 4.06 at a one per cent level. The RER series is a priori expected to follow a 

random walk with drift. The model estimated is equation 6.1.1-7 included no lagged differences. 

The ADF-test allows me to conclude that a unit root is present for the SEK / NOK exchange rate as 

the absolute value of the ADF test statistic is 0.46, below the critical value of 2.86 at a five per cent 

level. Equivalent results can be found for all variables of all countries
60

.  

6.1.2 Panel Unit Root Tests 

Panel unit root tests are often grouped into two main categories
61

: 

1. First generation tests that assume cross-sectional independence 

2. Second generation tests that explicitly allow for some form of cross-sectional dependence 

 

Cross-sectional dependence may arise from spill over effects or common global shocks with 

heterogeneous impact across countries, such as the 2007 global financial crisis. Banarjee et al. 

(2005) show that in the presence of cross-section dependence, first generation tests tend to have 

serious size distortions that often lead to over-rejection of the null hypothesis of nonstationarity. To 

provide a better framework for analysing the recent literature of the panel data unit root tests, I will 

start by applying a test for cross-sectional dependence of each variable included in the analysis.  

 

Test for Cross-Sectional Dependence 

Pesaran (2007) suggests a test for cross-sectional dependence. Referring to the estimated correlation 

coefficients between country j and J=j+1 as    , the Pesaran CD statistic follows the standardized 

normal distribution and is estimated as
62

:   

                                                        
60 Appendix: Section 6.1.1 
61 Baltagi 2008, page 274 
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    √
  

 (   )
(∑ ∑    

 
     

   
   )     (Eq. 6.1.2-1) 

 

Applying the CD test to the export, GDP and RER variables, the null hypothesis cannot be accepted 

in either cases and I can conclude that each time series is cross-sectionally dependent across 

countries
63

.  

 

I will apply four distinct panel unit root tests derived by: Levin, Lin and Chu (LLC), Im, Pesaran 

and Shin (IPS), Hadri and Pesaran. Among the tests, the LLC, IPS and Hadri tests can be said to be 

of first generation, while the test by Pesaran allows for cross-sectional dependence. Incorporating 

the results from the CD-test, to minimize problems arising from cross-sectional dependence cross-

sectional means are subtracted in the LLC and IPS first-generation tests. The robust version of the 

Hadri-test is applied for the purpose of accounting for heteroscedasticity across panels.   

 

The Levin, Lin and Chu Test 

The panel unit root test derived by Levin, Lin and Chu (2002) is an extension of the ADF individual 

country unit root test. The model takes the following form
64

: 

 

                      ∑          
 
           (Eq. 6.1.2-2) 

where      ̅ 

 

The intercept may vary over cross-sections allowing for heterogeneity, even when the coefficient of 

the lagged dependent variable is restricted to be equal across panels. The hypotheses are similar to 

the cross-section ADF-test: 

 

H0:        Non-stationarity 

H1:       Stationarity 

 

The critical values follow a t-distribution. Under the null hypothesis of a unit root, Y is 

nonstationary and the standard OLS regression t-statistic will have a nonstandard distribution. The 

                                                                                                                                                                                        
62
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LLC test provides a bias-adjusted t statistic, denoted t*, that follows an asymptotic normal 

distribution
65

. The full derivation of the test statistic can be found in Baltagi (2008). The lag order p 

necessary to control for autocorrelation in each series is chosen such that the Aikake Information 

Criterion (AIC) is minimized. The process is run separately for each panel so that the different 

panels may use ADF regressions including different number of lags.  

 

The Im, Pesaran and Shin Test 

The major drawback of the LLC test is that it restricts   to be homogenous across cross-sections
66

. 

The assumption that all cross-sections have or do not have a unit root is restrictive. Im et al. (2003) 

allow for a heterogenous coefficient of the lagged dependent variable and propose an alternative 

testing procedure based on averaging the individual unit root test statistics. The IPS test provides 

separate estimations for each panel allowing different specification of the parametric values, the 

residual variance and the lag lengths
67

. The model is given by:  

 

                       ∑          
 
          (Eq. 6.1.2-3) 

where      ̅.  

 

Like the IPS-test, the lag length chosen is the one that minimizes the AIC.  

 

The hypotheses are: 

H0:       for all j    All cross-sections have a unit root 

H1:       for at least one j  A fraction of the cross-sections are stationary 

 

The IPS test relies of the assumption that the time series dimension is the same for all cross-

sections, requiring a strongly balanced panel. The test statistic is calculated as the average of the 

individual τ-ADF statistics
68

. When lags of the variable are added to accommodate serial 

correlation, the statistic is reported in Stata as “W t-bar”
69

. In the general case where the underlying 

ADF-regressions are augmented with a sufficient lag length, Im et al (2003) have shown that a 

                                                        
65

 Stata Quick Reference and Index:  Xtunitroot command 
66

 Baltagi 2008, page 278 
67

 The lag length is chosen by AIC, like in the case of the LLC-test. 
68
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properly standardized t-bar statistic is asymptotically normally distributed when T tends to infinity 

followed by N tending to infinity
70

. 

 

The Hadri LM test 

Hadri (2000) derives a residual based Lagrange Multiplier (LM) test. This is a generalization of the 

KPSS test from time series to panel data. The Hadri test uses the residuals from individual OLS 

regressions of the time series variable on a constant and a trend if specified
71

: 

                     (Eq. 6.1.2-4) 

 

Where               is a random walk.     and     are mutually independent and normally 

distributed across cross-sections and time by assumption. If the variance of     is zero,     becomes 

a constant and     will be stationary. 

 

The hypotheses are: 

H0:    
     All cross-sections are stationary 

H1:    
     A fraction of the cross-sections have a unit root 

 

The test statistic follows a standard normal distribution. It is derived as an LM-statistic, adjusted for 

heteroscedasticity across cross-sections
72

. Unlike the LLC and IPS tests, this is a test for 

stationarity. Hadri (2000) states that the test is appropriate for panel data sets where T is large and N 

is moderate. The test rests on the assumption of uncorrelated error terms.  

 

The Pesaran CADF test 

Pesaran (2007) proposes a test for unit roots in heterogeneous panels with cross-section 

dependence. To eliminate the cross-section dependence, the standard ADF regressions are 

augmented with the lagged cross-sectional mean and its first difference
73

. The simple CADF 

regression is: 

                 
          ̅        ̅          (Eq. 6.1.2-6) 

 

                                                        
70
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To account for serial correlation the regression must be augmented with lagged differences of     

like in the univariate case, as well as lagged first-differences of   ̅. This leads to:  

 

                 
          ̅     ∑       ̅   

 
    ∑         

 
                  (Eq. 

6.1.2-7) 

 

A uniform lag length must be specified manually. The Stata command does not provide a built-in 

option to aid in the selection of lag length, like it does for the LLC and IPS tests. Thus I have 

chosen to apply the approximate average lag length chosen by the AIC in the LLC and IPS tests. 

 

The hypotheses are: 

H0:    
    for all j    All cross-sections are nonstationary 

H1:    
    for at least one j  A fraction of the cross-sections are stationary 

 

After running the CADF regression for each cross-section, the CIPS statistic is obtained as the 

average of the individual t-statistics of   
 
. The joint asymptotic limit of the CIPS statistic is 

nonstandard and critical values are provided by Pesaran for various choices of N and T.  

 

Results of the Panel Unit Root Tests 

Based on the results from the country-specific unit root tests I have chosen to apply the model with 

a trend and no constant for export and RER and with a trend for GDP. Table 6.1.2-1 provides a 

summary of the results
74

: 

 First generation  Second generation 

LLC 

t*-stat 

IPS 

W-t-bar stat 

Hadri 

Z-stat 

CADF 

T-bar (CIPS) 

Ho: Cross 

sections contain 

unit roots 

Ho: All cross 

sections contain unit 

roots 

Ho: All cross 

sections are 

stationary 

Ho: All cross-

sections are 

nonstationary 

Series Model 

LogExport Constant -2.71*** 

(0.00) 

-4.50*** 

(0.00) 

125.09*** 

(0.00) 

-3.40*** 

(0.00) 
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LogGDP Constant 

+ Trend 

-0.38 

(0.35) 

0.18 

(0.57) 

92.03*** 

(0.00) 

-2.25 

(0.66) 

LogRER Constant -1.25 

(0.11) 

-1.57* 

(0.06) 

149.98*** 

(0.00) 

-2.24 

(0.05) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.1.2-1 

The results from the panel unit root tests are mixed. For the explanatory variables, GDP and RER, 

the results provide clear evidence of nonstationarity. The results allow me to keep the null 

hypothesis of nonstationarity in the LLC, IPS and CADF tests. Further, the null hypothesis of 

stationarity is rejected for the Hadri test where the hypotheses are reversed. For the export variable 

on the other hand, the only test that conclude that the nature of the series is nonstationary is the 

Hadri test. The first generation tests of LLC and IPS and the second generation CADF-test of 

Pesaran all reject the null hypothesis of unit roots at a one per cent level. 

 

Karlsson and Löthgren (2000) compare the LLC and IPS tests for various panels. They warn that 

for large T, panel unit root tests have high power and there is a risk of concluding that the whole 

panel is stationary even when there is only a small portion of stationary series in the panel
75

. For 

that reason they suggest careful analysis of both the individual and panel unit root tests to fully 

assess the stationary properties of the panel. Returning to the country-specific unit root tests 

performed on exports, they provide strong evidence of a nonstationary nature.  

 

The results of the panel unit root tests may also be biased because the ADF-models are augmented 

with insufficient lag lengths. The idea of augmenting the ADF regression is to include enough terms 

so that the error term is serially uncorrelated. If too few lags are added by the AIC, the estimates 

will be biased. The AIC is affected by two factors; the residual sum of squares and a penalty added 

for loss of degrees of freedom when new variables are added
76

. Including extra lag lengths will have 

two competing effects on the AIC; it will decrease the residual sum of squares and increase the 

value of the penalty term. The size of the penalty term may have lead to the model being augmented 

                                                        
75
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with an insufficient lag length, still leaving autocorrelation in the model. I will apply the panel unit 

root tests of the export series again, this time applying a lag length of four. A lag length of four is 

considered a rule of thumb for quarterly data in country-specific unit root tests
77

. I believe a lag 

length of four will account for yearly seasonal effects in the panel as well. The results are reported 

below in table 6.1.2-2
78

: 

 First generation  Second generation 

LLC 

t*-stat 

IPS 

W-t-bar stat 

CADF 

T-bar (CIPS) 

Ho: Cross 

sections contain 

unit roots 

Ho: All cross sections 

contain unit roots 

Ho: All cross-sections are 

nonstationary Series Model 

logExport Constant 

4 lags 

1.39 

(0.92) 

 

-1.00 

(0.16) 

 

 

-2.46*** 

(0.00) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.1.2-2 

 

The results of the first generation unit root tests of LLC and IPS including four lags allow me to 

keep the null hypothesis in the cases where it was rejected with an average lag length of 0.91 

chosen by the AIC. The conclusion of the second generation CADF-test of Pesaran however, is not 

affected by the increase in lag length and still does not accept the null hypothesis that all cross-

sections are nonstationary. The requirement that all cross-sections must be nonstationary makes the 

null hypothesis quite restrictive and as was the case with the LLC and IPS tests, I believe there is a 

chance for concluding that all panels are stationary even though it only applies to a few countries. I 

am left with an overall impression is that the export time series are nonstationarity. 

6.2 Correcting for Nonstationarity 

The nonstationary nature of the variables makes it is necessary to find an appropriate transformation 

of the series. Considering that the variables contain unit roots, the first difference of the series will 

                                                        
77

 Gujarati and Porter 2009, page 757 
78 The Hadri test is not included because it rests on the assumption of uncorrelated error terms and consequently 

augmenting the model with lags is not an option.  
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be stationary by definition79. By transforming the logarithm of the export to Sweden to a variable in 

first difference the following ACF correlogram is obtained: 

 

Figure 6.2-1 

The ACF of              follow a pattern of a stationary process as it exhibits values around 

zero. This is confirmed applying the ADF test for model 6.1.1-6 with no lags added to correct for 

nonstationarity. The absolute value of the relevant test statistic is 11.62, greater than the critical 

value of 2.90 at a five per cent level. The null hypothesis of nonstationarity cannot be accepted. The 

same conclusion is reached for all variables
80

.  

 

Running a regression of the model in first differences would be statistically valid. However, a 

model in first differences will have no long-run solution
81

. Consider the model:  

 

                                                (Eq. 6.2-1) 

 

In the long run the variables are by definition converging to their equilibrium values: 

                         ,                      and                     . In the 

long run all the differenced terms in the stationary equation will become zero and everything in the 

equation will cancel out. The model will exhibit no equilibrium solution and there is nothing to be 

said about whether there exists an equilibrium relationship among export and the explanatory 

variables. Such estimates are not useful for testing economic theories. Neglecting information of the 

equilibrium relationship further results in a loss of efficiency in the estimated parameters. To 

overcome these problems and to understand both the long and the short-term relation of the 

variables, the concept of cointegration is considered next.  

                                                        
79
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6.3 Cointegration 

Cointegration is present in the special case when there exists a linear combination of the non-

stationary variables that is stationary
82

. Testing for cointegration implies testing for the possibility 

that the series share a common trend. If a common trend is present a regression of the variables will 

not necessarily be spurious, because the common linear trend will represent a long run equilibrium 

relationship. Figure 6.3-1 graphs the export, GDP and RER variables of Sweden indexed to equal 1 

in 1989 to visualize the possible cointegrated relationship:  

 

 

Figure 6.3-1 

Murray (1994) describes the concept of cointegration in a less formal manner: Imagine a drunk and 

her dog at a bar. When the drunk is leaving the bar, her path may be considered a nonstationary and 

unpredictable process. The same could be said about her dog if it left the bar without her. Leaving 

together however, they may exercise a cointegration relationship assuming that there exists some 

kind of error correcting mechanism between the two. The drunk may call out to the dog and the dog 

may respond by barking, this way the two will not drift too far apart but remain close and adjust 

their paths to each other. Looking at the graph of the variables of Sweden, one could imagine that 

the export variable was a drunk, followed by its two dogs: GDP and RER. The variables seem to 

follow a common trend, suggesting that the variables may be cointegrated. A similar pattern can be 

found for the variables of the remaining recipient countries
83

. 

 

I will assume that there exists only one cointegration relationship among the data. This assumption 

implies that the export variable is endogenous, that GDP and RER affect export and not vice-versa.  

                                                        
82
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6.3.1 The Cointegration Regression 

In the presence of cointegration, the long-run relationship among the variables can be specified as: 

 

                                                      (Eq. 6.3.1-1) 

 

Deciding whether or not to include an intercept or a time trend in the cointegration regression may 

be challenging, and is by some considered more essential to estimation, inference and forecasting 

than other specification problems84. The inclusion of an intercept will allow for a nonzero mean in 

the long-term relationship among export, GDP and RER, while including a trend variable will 

reflect a constant growth. The specification of the cointegration regression should reflect the nature 

of the underlying variables. As established from the unit root tests, the export and RER series 

follow a random walk with drift, while the GDP series follow a random walk with drift around a 

trend. The cointegration relationship exhibits a nonzero mean, leading me to include a constant.  

However, I do not believe a trend in one of the variables will justify the inclusion of a trend variable 

in the cointegration regression. Consequently, I will continue estimating the cointegration 

regression including a constant and no trend. 

 

In the next section I will conduct formal tests for the presence of cointegration. The Engle and 

Granger test for cointegration is first applied to each country separately to support the panel 

cointegration tests of Kao and Pedroni. All three tests are performed testing the residuals extracted 

from the cointegration regression for stationarity. As previously established, each of the variables 

included in the cointegration regression is nonstationary. If cointegration exists between the 

variables, the residuals will also be stationary by definition.
85

  

6.3.2 Country-Specific Tests for Cointegration 

The Augmented Engle-Granger (AEG) test is performed applying the ADF-test to the residuals to 

test for stationarity
86

. The ADF test takes on the form of equation 6.3.2-1
87

:     

     ̂         ̂  ∑          ̂ 
           (Eq. 6.3.2-1) 

where    is a white noise distributed error term.  

                                                        
84
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H0:      No cointegration 

H1:      Cointegration 

 

It is of major importance to note that the critical values of the Engle-Granger (EG) test are not equal 

to the standard critical values of the ADF test.
 88

  Modified critical values are required as the ADF 

test is now operating on residuals of an estimated model rather than on raw data. The five per cent 

absolute critical value of the AEG test is 3.37 when no lags are included to correct for 

autocorrelation (Engle and Granger 1987). Including lags, the equivalent critical value is 3.17. The 

results are reported in table 6.3.2-1
89

.  

 Lags ADF-test 

statistic 

Denmark 3 -5.62 

Finland 0 -4.11 

France 0 -5.40 

Germany 0 -6.80 

Italy 0 -5.30 

Japan 0 -5.80 

Netherlands 1 -3.72 

Spain 2 -2.32 

Sweden 0 -4.17 

UK 0 -7.77 

USA 1 -4.59 

Table 6.3.2-1 

In the case of Sweden the absolute value of the test statistic is 4.17, above the relevant critical value 

of 3.37 at a five per cent level. No lags are included, as the results of the BG-test indicate no 

autocorrelation. This implies that the residual is stationary and further allows me to reject the null 

hypothesis of no cointegration. Similar results are obtained for all countries, except Spain. 

Including two lags to correct for autocorrelation, the absolute value of the AEG-test statistic is 2.32, 
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below the critical value of 2.91 at a ten per cent level. Considering my strong expectation of a 

cointegrated relationship and the graphical analysis, I will interpret the results as borderline 

cointegrated and continue including Spain in the panel cointegration tests.   

6.3.3 Panel Tests for Cointegration 

The Kao test 

Kao (1999) propose an ADF test for panel data based on the residuals from the cointegration 

regression:  

      ̂          ̂  ∑           ̂ 
           (Eq. 3.3.3-1) 

 

The hypotheses are:  

H0:      No cointegration 

H1:      Cointegration 

 

The test statistic is constructed as an adjusted version of the ADF tau-statistics
90

. The asymptotic 

distribution of the test statistic converges to a standard normal distribution. The test results yield a 

p-value of 0.24, leading me to accept the null hypothesis of no cointegration. 

 

The Pedroni tests 

The Kao test imposes homogeneous cointegrating vectors and AR coefficients. Pedroni (2004) 

proposes a panel data version of the cointegration test, allowing for considerate heterogeneity
91

. The 

tests are based on the residuals from the cointegrating regression:  

      ̂           ̂  ∑           ̂ 
          (Eq. 3.3.3-2) 

 

Seven different cointegration statistics are proposed to capture the within and between effects
92

. 

The tests can be classified into two categories. The first category is referred to as the panel tests. It 

includes four tests based on pooling along the ”within” dimension. This involves calculating the 

average AR coefficients of the country-specific unit root tests of the residuals, similar to the Kao-

test. The hypotheses are: 

 

                                                        
90
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H0W:         No cointegration 

H1W:         A significant fraction of the countries are cointegrated 

  

The second category of tests is referred to as group tests. It includes three tests based on pooling the 

“between” dimension. The test statistics are calculated as the average of the numerator and the 

denominator terms respectively, rather than the average of the statistics of a whole like in the 

“within” tests. The hypotheses are: 

 

H0B:       for all j    No cointegration 

H1B:        for at least one j  A significant fraction of the cross-sections are         

     cointegrated 

 

The intuition of the cointegration test with varying slopes is not straightforward
93

. The convergence 

in distribution is based on individual convergence of the numerator and denominator terms. The 

panel tests based on the average test statistics are easier to interpret: Rejection of the null hypothesis 

implies that a significant fraction of the individual cross-sections have statistics beyond the critical 

value. Pedroni (1999) has derived the asymptotic distributions and critical values. Table 6.3.2-1 

provides a summary of the test results
94

:    

Pedroni´s tests for cointegration 

Within-dimension Between-dimension 

Panel v-statistic 7.41*** 

(0.00) 

Group ρ-statistic -21.62*** 

(0.00) 

Ρanel ρ-statistic -20.43*** 

(0.00) 

Group PP-statistic -16.00*** 

(0.00) 

Panel PP-statistic -13.47*** 

(0.00) 

Group ADF-statistic -7.43*** 

(0.00) 

Panel ADF-statistic -6.11*** 

(0.00) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.3.2-1 
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All seven test statistics allow me to reject the null hypothesis of no cointegration at the one per cent 

level. I conclude that cointegration is present among the variables in the panel.  

6.4 The Error Correction Model 

The cointegration regression conveys a long-term equilibrium relationship based on the 

macroeconomic variables trending together. In the short-run there may be disequilibrium and the 

residual of the cointegration regression can be treated as the equilibrium error:  

 

                                                (Eq. 6.4-1) 

 

The relationship between export, GDP and RER can further be expressed as an error correction 

model (ECM):  

 

                                                          (Eq. 6.4-2) 

 

Where         is the lagged value of the residual from the cointegration regression and     is a 

white noise distributed error term.  

 

The ECM has the advantage of including both long and short run information. The    coefficients 

will capture the long-term relationship between the variables, while the    coefficients of the 

differenced variables will capture the short run relationship. The intercept included in the 

cointegration regression allows for a non-zero mean of the long-term relationship. When the 

undifferenced dependent variable of the cointegration regression appears in its logged form, 

including an intercept in the ECM will reflect a constant percentage growth in the short-run
95

.  

 

The parameter    is called the error correction term (ECT) and determines the speed of adjustment 

to the variables long run equilibrium. Adding the ECT is a unique aspect of the ECM and the reason 

behind its name. To understand the purpose of the ECT, consider the case where the present quarter 

export is above equilibrium. Keeping the value of the explanatory variables constant, the exports 
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should start falling in the short-run in order to restore equilibrium. In the words of Engle and 

Granger (1987): “The idea is simply that a proportion of the disequilibrium from one period is 

corrected in the next.” The absolute value of this coefficient decides how quickly equilibrium is 

restored and provides information on the volatility of the exports. If the ECT takes on a value of 

zero, the model is already in equilibrium and there is no need for error correction because the ECM 

equals the differenced long-run equation. 

 

The ECM will be constructed separately for each country, as well as for the panel as a whole. In the 

country-specific analysis the ECM is calculated by the Engle and Granger two-step procedure, 

while the panel ECM is calculated applying an ARDL approach. By definition, the two approaches 

should provide equivalent results
96

.  

6.4.1 Country-Specific Error Correction Model 

Engle and Granger (1987) introduce a two-step procedure for estimating the ECM in single-

equations
97

. The first step is to estimate the Error Correction Term (ECT). The ECT is obtained as 

the lagged value of the residual obtained from the cointegrating regression: 

 

                                                  (Eq. 6.4.1-1) 

 

The second step involves running a regression of the differenced variables, including the lagged 

residual from step one as an explanatory variable: 

 

                                                 (Eq. 6.4.1-2) 

where    is a randomly distributed error term. 

 

The intercept does not enter the country-specific ECM significantly for a single country
98

. There is 

no indication of a constant growth among the variables in the short-run and consequently, the ECM 

is specified excluding an intercept.  The choice of the right lag length of the ECM is considered by 

comparing the Akaike Information Criterion (AIC) from the ECMs estimated including different 

lag lengths. The AIC measures the adequacy of a regression model, where the most negative value 
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represents the one with the optimal lag length
99

. Table 6.4.1-1 provides an overview of the AIC 

when the ECM is augmented with one and two lags
100

.  

 

 AIC 1 Lag  AIC 2 lags  AIC 1 Lag  AIC 2 lags 

Denmark -180.11 -173.75 Netherlands -116.54 -125.27 

Finland -108.82 -107.04 Spain -72.76 -93.07 

France -191.10 -188.24 Sweden -259.69 -251.90 

Germany -227.62 -233.94 UK -139.20 -134.99 

Italy -134.86 -142.33 USA -139.49 -145.59 

Japan -82.73 -76.84    

Table 6.4.1-1 

The specification of the panel ECM must rely on a uniform specification. A lag length of one is 

preferred in six out of eleven cases, leading me to restrict the ECMs to a uniform lag length of one. 

Restricting the lag length is a compromise of sparing degrees of freedom versus accounting for all 

economically meaningful determinants of exports. Further, Pesaran (1997) has shown that the 

results are robust to the choice of lag lengths when T is large.  

6.4.2 Panel Error Correction Model 

The panel ECM is estimated applying a one-step ARDL methodology. Incorporating the results 

from the country-specific ECMs, the model employed will be specified including a constant in the 

cointegration regression and no constant and a lag length of one in the ECM. The cointegration 

regression is embedded into an autoregressive distributive lag (ARDL) (1,1,1) model:  

 

                                                                      

                       

 

Where    represents the fixed effects,    is the coefficient of the lagged dependent variable,    are 

the short-run coefficient vectors and     is a randomly distributed error term. Re-parameterization 

yields
101

: 
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 Gujarati and Porter 2009, page 203 
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101 More extensive derivations can be found in the appendix, section 6.4.2. 
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  (                                              )                

                    

 

Where     (    )     
  

  
        

          

  
           

         

  
 

 

The expression within the parenthesis equals the lagged value of the residual extracted from the 

long-term cointegration equation,        : 

 

                                                        

 

The panel ECM can be written as: 

 

                                                           (Eq. 6.4.2-1) 

 

The long-term cointegration equation in the original ECM of IPS is formulated in terms of current 

rather than lagged levels of the variables. This follows the original work of PSS and allows an 

ARDL (1,0,0) as a special case to model the long-run relation. The specification will only affect the 

coefficients of the variables in the short-run
102

. To assure consistency in the analysis I have chosen 

to specify the panel ECM in the standard way, equivalent to the country-specific ECMs. 

 

Westerlund (2007) provides a panel cointegration test of the structural dynamics based on the ECM. 

The idea is to test the null hypothesis of no cointegration by inferring whether the ECT equals zero. 

The tests are general enough to accommodate unit-specific short-run dynamics, slope parameters 

and cross-sectional dependence. The Westerlund tests are reported in attachment 2, providing 

results that further support the presence of cointegration among the variables.  

6.5 Diagnostics Check of the Error Correction Model 

The statistical properties of the ECM exclude the possibility of a spurious regression. The 

differenced variables are established to be stationary. The ECT, being a linear combination of the 
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variables, is as a result of the cointegrated relationship also stationary. Accordingly, an important 

consequence of the ECM is that there are some adjustment processes preventing the errors in the 

long-run relationship from increasing exponentially. To ensure valid interpretation of the regression 

estimates and test statistics, it is critical that the assumptions of the Classical Linear Regression 

Model (CLRM) hold. The CLRM is based on the following assumptions:
103

 

 

1. Linear regression model 

2. Fixed X values or X values independent of the error term. This requires zero covariance 

between    and each X variable    

3. Zero mean value of disturbance    

4. Homoscedasticity or constant variance of    

5. No autocorrelation or serial correlation between the disturbances 

6. Number of observations greater than the number of parameters to be estimated 

7. Variation in the X values 

8. No exact collinearity between the X variables 

9. No specification bias 

 

Given the assumptions of the CLRM the OLS coefficients will have minimum variance. This is 

known as the Gauss-Markov Theorem, and such estimators are best, linear, unbiased and efficient 

estimates (BLUE)
 104

. By adding the assumption of normally distributed error terms to the 

assumptions of the CLRM, what is known as the Classical Normal Linear Regression Model 

(CNLRM) is obtained.
105

 The assumption of the probabilistic nature of the error term will make it 

possible to draw inferences from a sample to the population. It allows for derivation of exact 

probability distributions of OLS estimates, as well as it ensures valid results of the t, F and χ
2 

probability distributions.
106

  

 

The country-specific ECMs are assessed next to assure that the assumptions hold. I will proceed by 

emphasizing the detection of heteroscedasticity, autocorrelation and normality of the error term, 
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assuming that the remaining assumptions hold. The tests are followed by a test for general 

misspecification.  

6.5.1 Heteroscedasticity 

An important assumption for white noise distributed error terms is that the error terms have constant 

variance; that they are homoscedastic.
107

 If heteroscedasticity is detected, the model will no longer 

have minimum variance and the standard errors of the estimates will be biased and the model will 

no longer be BLUE.
108

 Testing for heteroscedasticity in time series can be done both graphically 

and numerically to reveal any potential autoregressive conditional heteroscedasticity (ARCH) 

effects in the data. 

 

Graphical investigation  

An analysis of the ACF and PACF of the squared residuals of the final model will indicate if an 

ARCH (ρ) process is present in the time series. ρ is identified by the PACF, and is given by the last 

significant spike in the PACF.
109

 The results for Sweden are reported below:  

 

 

Figure 6.5.1-1    Figure 6.5.1-2 

The PACF graph for Sweden indicates two significant spikes that may be evidence of ARCH 

effects. Examining the PACF graphs for the remaining countries, the general impression is that no 

ARCH effects are present
110

. A numerical investigation is necessary to further determine whether 

the error terms are heteroscedastic.  
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Numerical investigation  

Engle´s LM test for ARCH effect involves running an auxiliary regression of the residuals obtained 

from the country-specific ECM model.
111

 The model to be tested is: 

 

  
           

        
          

      (Eq. 6.5.1-1) 

Where   is a randomly distributed error term.  

 

The hypotheses of the test:  

H0:              No ARCH effects 

H1:              ARCH effects 

 

The LM test statistic is obtained by computing (n-p)*R
2
, where R

2
 is obtained from regression 

6.5.1-1 and n is the number of observations. The test statistic follows a chi-square distribution with 

degrees of freedom equal to the number of autoregressive terms in the regression.
112

 I will apply the 

built in archlm command in Stata, which performs the test separately for each order. Checking for a 

lag length of 15 yields a chi square statistic of 13.42, which is below the critical value of 25.00 at a 

five per cent significance level with 15 degrees of freedom. The null hypothesis of no ARCH 

effects cannot be rejected. Table 5.6.1-1 summarizes the results for all countries
113

: 

 

 ARCH (15)   ARCH (15) 

Denmark 17.78 

(0.27) 

Netherlands 5.71 

(0.98) 

Finland 8.09 

(0.92) 

Spain 40.67*** 

(0.00) 

France 16.49 

(0.35) 

Sweden 15.26 

(0.43) 

Germany 15.90 

(0.39) 

UK 8.53 

(0.90) 
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Italy 14.97 

(0.45) 

USA 21.92 

(0.11) 

Japan 16.52 

(0.35) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 5.6.1-1 

 

The null hypothesis of no heteroscedasticity is accepted for all countries, except Spain. For Spain, 

the test-statistic of 40.67 is beyond the critical value of 25.00.  

6.5.2 Autocorrelation 

Assumption five states that the residuals of the model should not be correlated. If this assumption is 

violated, the estimates no longer have minimum variance and they will not be efficient estimates.114
 

 

Graphical investigation 

Figures 6.5.2-1 and 6.5.2-2 provide scatter plots of the residuals for Sweden: 

 

Figure 6.5.2-1     Figure 6.5.2-2 

 

An inspection of the scatter plots of the residuals against time and the residuals against the lagged 

value of the residuals show that the residuals are randomly distributed and seemingly uncorrelated. 

The same result applies for the remaining recipient countries
115

.  

 

Numerical investigation 

The Breusch-Godfrey LM test provides a numerical test for autocorrelation. The test is based on the 

following regression:  

                                                        
114
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(Eq. 6.5.2-1) 

where    is a white noise distributed error term.  

 

The hypotheses to be tested: 

H0:              No autocorrelation 

H1:              Autocorrelation 

Because of the quarterly nature of the data I have chosen to test p = 4. The LM test statistic is 

calculated as (n-p)*R
2
, where R

2
 is the explanatory power obtained from the auxiliary regression 

and n is the number of observations. The test follows the chi-square distribution with p degrees of 

freedom. For the case of Sweden I cannot reject the null hypothesis of no autocorrelation, as the 

LM-statistic of 2.98 is lower than the chi-square critical value of 9.49 at a five per cent significance 

level.
116

 Table 6.5.2-1 summarizes the results obtained from the Breusch Godfrey LM-test for all 

countries
117

:  

 Test statistics  Test statistics 

Denmark 10.69 

(0.03) 

Netherlands 14.13*** 

(0.01) 

Finland 6.09 

(0.19) 

Spain 25.58*** 

(0.00) 

France 5.15 

(0.27) 

Sweden 2.98 

(0.56) 

Germany 11.90 

(0.02) 

UK 5.92 

(0.21) 

Italy 15.18*** 

(0.00) 

USA 15.39*** 

(0.00) 

Japan 1.57 

(0.81) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.5.2-1 
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The null hypothesis is accepted in the majority of the cases. However, in the case of Italy, 

Netherlands, Spain and USA, the null hypothesis of no autocorrelation is rejected at the one per 

cent level.   

6.5.3 Normally Distributed Error Terms 

The CNLRM rests on the assumption that the residuals are normally distributed with zero mean and 

a constant variance
118

. The normality of the error term can be evaluated examining a probability 

plot and a histogram of the residuals. Figure 6.5.3-1 and 6.5.3-2 provide a graphical analysis in the 

case of Sweden:  

 

Figure 6.5.3-1     Figure 6.5.3-2 

The probability plot plots the data against a theoretical normal distribution in such a way that the 

points should form an approximate straight line. Departures from this line indicate departures from 

normality
119

. The probability plot of the Swedish data reported above seems to follow the line. For a 

normally distributed variable, the skewness should be zero and the kurtosis should be three.
120

 The 

histogram of the residuals of the ECM of Sweden indicates that the residuals have a kurtosis close 

to normal, but may be slightly skewed to the left. The probability plots and the histograms for the 

remaining countries are similar, suggesting that the variables are normally distributed
121

. 

 

The normality of the error term is formally tested applying the Jarque-Berra (JB) test. The JB-

statistic is calculated as
122

:  

 

    [
         

 
 
(          ) 

  
]     (Eq. 6.5.3-1) 

where n is the number of observations. 
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 The hypotheses are:  

                                   

                                       

 

The JB-statistic follows a chi-square distribution with two degrees of freedom. In the case of 

Sweden the test statistic is 3.89, below the critical value of 5.99. The null hypothesis of normally 

distributed residuals is accepted. This is also the case for the ECM models of the remaining 

countries. Table 6.5.3-1 reports the JB-normality tests for all countries
123

:  

 

 Chi-square  Chi-square 

Denmark 2.17 

(0.34) 

Netherlands 12.21*** 

(0.00) 

Finland 7.09 

(0.03) 

Spain 6.18 

0.04 

France 3.20 

(0.20) 

Sweden 3.89 

(0.14) 

Germany 4.65 

(0.10) 

UK 5.72 

(0.06) 

Italy 0.69 

(0.71) 

USA 4.19 

(0.12) 

Japan 4.94 

(0.08) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.5.3-1 

The null hypothesis of normally distributed residuals is accepted in all cases except for the 

Netherlands, where the null hypothesis is rejected at the one per cent level.  

6.5.4 The Ramsey RESET Test for General Misspecification 

Ramsey´s Regression Specification Error Test (RESET) is a general test of specification error
124

. 

The test is conducted comparing the restricted ECM model to the unrestricted model: 

                                                        
123 Stata output can be found in the appendix, section 6.5.3 
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                                                       ̂  
 

              ̂  
              ̂  

     

(Eq. 6.5.4-1) 

Various powers of the fitted values of             are added to the unrestricted model in an 

attempt to capture possible nonlinear relationships. Misspecification is detected applying an F-test 

to test for an increase in the explanatory power after including the additional explanatory variables, 

comparing the restricted ECM model to the unrestricted equation 6.5.4-1. The hypotheses of the F-

test are:
125

 

 

H0:            No misspecification 

H1: At least one c1,2,3 ≠ 0   Misspecification 

 

The F-statistic is obtained as:  

  
(          )  

      (   )
       (Eq. 6.5.4-2) 

  

The test is F-distributed with m and n-k degrees of freedom. m is the number of restrictions applied, 

n is the number of observations and k is the number of parameters estimated in the unrestricted 

model, including the intercept. For the case of Sweden, the test statistic is 0.24, below the critical 

value of at a five per cent level with 94-7=87 degrees of freedom. The null hypothesis of no 

misspecification is accepted. Table 6.5.4-1 summarizes the results of the RESET test for all 

countries
126

:  

 F-statistic  F-statistic 

Denmark 2.96 

(0.04) 

Netherlands 3.69*** 

(0.01) 

Finland 1.23 

(0.31) 

Spain 1.64 

(0.19) 

France 0.51 

(0.67) 

Sweden 0.24 

(0.87) 
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Germany 1.14 

(0.34) 

UK 0.75 

(0.52) 

Italy 3.85*** 

(0.01) 

USA 1.68 

(0.18) 

Japan 1.56 

(0.21) 

  

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. P-values in parentheses. 

Table 6.5.4-1 

 

The results of the RESET test for the remaining recipient countries allow me to conclude that the 

ECM models for all countries are well specified. The null hypothesis is accepted in all cases, 

although for Italy and Netherland only at a one per cent level. 

6.5.5 Results of the Diagnostics Check 

The overall results of the diagnostics check are reassuring. Problems of heteroscedasticity were 

detected in the case of Spain only. Autocorrelation was found in the ECM of four countries, namely 

Italy, Netherlands, Spain and USA. Lack of normality is only indicated in the case of the 

Netherlands. The RESET test allows me to accept the null hypothesis of no misspecification for the 

ECM of all countries.  

6.6 Results of the Error Correction Model 

The diagnostics check has assured that the panel satisfies the assumptions of the CNLRM, and 

according to the Gauss-Markov theorem the estimates obtained are the best, linear and unbiased 

estimates (BLUE). The OLS estimation will yield valid t-statistics, which enables me to validly 

interpret the final ECM model. I will continue by briefly summarizing the country-specific results 

before reporting the results for the panel as a whole.  

6.6.1 Country-Specific Results of the Error Correction Model 

The Engle-Granger two-step approach has the advantage of relative simplicity. However, it is 

subject to a number of critical limitations. One important limitation is that inferences cannot be 

drawn about the significance of the parameters of the static long-run mode using t-statistics, 

because the distribution of the cointegration vector is generally non-normal. Furthermore, while the 

static regression will yield consistent estimates they will not be fully efficient. Engle and Yoo 
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(1991) propose a third step to the Engle and Granger two-step estimation method to overcome the 

above-mentioned problems. By applying the third step the parameter estimates of the first stage 

cointegration regression is corrected and a set of standard errors allowing for valid calculations of 

standard t-tests are provided.  

 

Engle and Yoo´s third step consists of a regression of the explanatory variables from the 

cointegration regression multiplied by the absolute value of the ECT, regressed on the errors from 

the second stage ECM. The coefficients obtained from this model represent the corrections to the 

parameter estimates of the cointegration regression, while their standard errors will be the relevant 

standard errors for inference. The regressions are stated below:  

 

Cointegration regression:                                           

ECM:                                                  

Third step:         (  )          (  )                 (Eq. 6.6.1-1) 

 

The correction of the first stage estimates is then:  

  
         and 

  
          

The correct standard errors for   
  and   

  are given by the standard errors of    and   , 

respectively. 

 

Applying the EG two-step approach while adding the third step of Engle and Yoo allows me to 

interpret both the short- and the long-term results of the country-specific ECM
127

. The results reveal 

an effect of GDP on exports in the range of 1.43-4.14 in the long run at a one per cent significance. 

The GDP of Finland reveals the weakest effect on exports, while the GDP of Japan has the 

strongest effect. The effect on GDP on exports in the short run ranges from 2.20 for Italy to 3.72 for 

Spain, with varying level of significance. There is no significant effect of GDP on exports in the 

short run for Finland, Japan and the Netherlands. 

    

                                                        
127 Stata output can be found in the appendix, section 6.6.1 
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The RER elasticities vary from negative 1.71 to positive 0.83 in the long run, where the most 

negative effect represents the RER of Norway and Spain and the positive effect represents the RER 

of Norway and the Netherlands
128

. All coefficients are significant at the five per cent level.  

The effect of the RER on exports in the short-run is only found significant for Japan, Sweden and 

the United Kingdom. The results reveal an effect of negative 0.37, 0.38 and 0.95, significant at the 

ten, five and one per cent level respectively. The ECT is significant at the one per cent level and 

takes on a negative value in all cases, with a magnitude raging from 0.30 to 0.89. The slowest speed 

of adjustment is found in the case of Finland, while the US reveals the most rapid speed of 

adjustment.  

6.6.2 Panel Results of the Error Correction Model 

Recent literature on dynamic heterogeneous panel estimation in which both N and T are large 

suggests several approaches to estimate the ECM (Blackburne and Frank, 2007). On one extreme, a 

dynamic version of the traditional fixed effects estimation approach can be applied. The dynamic 

fixed effects (DFE) approach relies on pooling the time series data for all countries, so that only the 

intercepts are allowed to differ across countries. Results robust to cross-country correlation are 

obtained by adjusting the standard errors by clusters for countries. On the other extreme, the model 

can be fitted separately for each country and a simple arithmetic average of the coefficients can be 

calculated. This is the MG estimator proposed by Pesaran and Smith (1995). Applying the mean 

group (MG) estimator, the intercepts, slope coefficients and error variances are allowed to differ 

across groups. As a middle ground, Pesaran, Shin and Smith (1997) have proposed a pooled mean 

group (PMG) estimator as a combination of pooling and averaging. The PMG allows the intercept, 

the short-run coefficients and the error variances to differ across countries (like the MG estimator), 

but constrains the long-run coefficients to be equal across countries (like the FE estimator). This 

allows for heterogeneous short-run and homogeneous long-run dynamics for the determinants of 

exports. The results of the MG, PMG and DFE approaches are reported in table 6.6.2-1
129

:  

 

 MG PMG DFE 

 

DFE 

SE adjusted by 

a cluster for 

                                                        
128 Excluding the Netherlands, the long run RER ranges from negative 1.71 to negative 0.10.  
129 Stata output can be found in the appendix, section 6.6.2 
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countries 

Long run relationship 

LogGDP 2.10*** 

(0.23) 

1.67*** 

(0.08) 

1.94*** 

(0.12) 

 1.94*** 

(0.21) 

LogRER -0.56*** 

(0.19) 

-0.54** 

(0.06) 

-0.49*** 

(0.09) 

-0.49*** 

(0.11) 

Short run relationship 

ECT -0.57*** 

(0.05) 

-0.38 *** 

(0.05) 

-0.30*** 

(0.02) 

-0.30*** 

(0.04) 

ΔLogGDP 2.69*** 

(0.28) 

2.19*** 

(0.05) 

2.06*** 

(0.41) 

2.06*** 

(0.37) 

ΔLogRER -0.24*** 

(0.08) 

-0.21** 

(0.10) 

-0.26*** 

(0.08) 

-0.26*** 

(0.08) 

Constant -12.43*** 

(2.48) 

-5.99*** 

(0.91) 

-5.76*** 

(0.68) 

-5.76*** 

(0.90) 

Hausman test 

 Test statistic 

MG vs PMG 3.22 

(0.36) 

MG vs DFE 0.00 

(1.00) 

PMG vs DFE 0.02 

(1.00) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively.  

Regression Results: Standard errors in parentheses. Hausman Test: P-values in parentheses. 

Table 6.6.2-1 

The three estimation methods provide similar results. The 95 per cent confidence intervals 

estimated by the MG, PMG and DFE estimators overlap both for GDP and RER, suggesting that 

pooling the data does not alter the coefficients. The adjusted DFE estimates reveal no significant 

problems of cross-country correlation. Some variation is apparent in the ECT, however. Pesaran 

have shown that pooling leads to a smaller estimated speed of adjustment. The estimates of the ECT 

confirm this theory; the MG suggests speed of convergence to equilibrium of 56 per cent, the PMG 

38 percent and the DFE 29 per cent.  
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The Hausman test introduced in section 5.4 can be applied as a formal test of whether restricting the 

long-run parameters is a valid assumption. The hypotheses are restated below: 

 

H0: The difference in coefficients is not systematic 

H1: The difference in coefficients is systematic 

 

Under the null hypothesis of no systematic differences in the coefficients the MG and the PMG 

estimators will both provide consistent estimates, but only the estimates of the PMG estimator will 

be efficient. If the long-run slope coefficients are not in fact homogeneous, the PMG approach will 

produce inconsistent and potentially misleading results (Blackburne and Frank, 2007). The results 

of the Hausman test of MG versus PMG yields a test statistic of 3.22, below the chi-square critical 

value of 9.21 at a one per cent level with two degrees of freedom. This leads me to accept the null 

hypothesis and conclude that the PMG estimator is efficient.  

 

The Hausman test can be further applied to compare the MG and DFE estimator (Blackburne and 

Frank, 2007). As discussed in Baltagi et al. (2000) the DFE estimator has been critized for being 

subject to a simultaneous equation bias from the endogeneity between the error term and the lagged 

dependent variable. The Hausman test can measure the extent of this endogeneity. Again the null 

hypothesis is accepted at the one per cent level, indicating that the simultaneous equation bias is 

minimal and the DFE is preferred over the MG estimator. 

 

The Hausman tests performed thus far establish that the PMG and DFE estimators are both efficient 

and preferred to the MG estimator. The question is whether the Hausman test can be applied to 

compare the PMG and the DFE. The majority of the articles I have come across do not perform 

such a comparison. Pesaran, Shin and Smith (1997) provide two examples of empirical application 

in their article introducing the PMG estimator, neither of them by performing a Hausman test of 

PMG versus DFE. Further examples are De Bandt et. al (2006), Freeman (2000) and Loayza and 

Rancière (2006). Njoupouognigni and Ndambendia (2010) specify that the Hausman test can be 

applied as a check for whether the results from the DFE is significantly different from those 

obtained from the PMG estimator, but not as a test for efficiency of one over the other. Basarac et. 

al (2011) apply the Hausman test to determine that the PMG and DFE estimators are efficient and 
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preferred to the MG estimator, they further argue that the PMG estimator is preferred to the DFE 

estimator simply because it allows for short-run coefficient heterogeneity without applying any kind 

of test. Sarkar (2013) and Fedeli (2012) however, do apply the Hausman test to compare PMG and 

DFE. In both cases the results of the test are applied to conclude that the DFE is preferred to the 

PMG.  

 

Conducting the Hausman test for PMG versus DFE for Norwegian exports provides results that are 

in favour of the null hypothesis. Whether the result implies that the DFE estimator simply provides 

results not significantly different from the PMG estimator or that the DFE estimator should be 

preferred over both the MG and the PMG estimator, is unclear. Intuitively, there are good reasons to 

expect the long-run equilibrium relationships between the variables to be similar across countries. 

Budget or solvency constraints, arbitrage conditions or common technology can be expected to 

influence all countries in a similar way over time. The assumption of equal short run dynamics and 

error variances is less compelling. It is reasonable to assume that the exports will be affected 

differently in the short run, dependent on country-specific factors like taxes and custom levels. 

Moreover it is interesting to note that the PMG estimator yields substantially smaller standard errors 

and thus more precise estimates than the DFE approach in the long run. Considering the intuition 

provided by the PMG estimator and the more precise long run estimates obtained, I will continue 

focusing on the PMG results. 

 

The results of the ECM will provide an answer to the first research question of this master thesis:  

To what degree are the Norwegian mainland exports affected by its underlying drivers? 

 

The Error Correction Term 

To remind the reader, the ECT has both a short- and a long-term interpretation. The long-term 

effects are incorporated in the ECT. When the ECT takes on a value other than zero, the model is 

out of equilibrium. The magnitude of the ECT coefficient illustrate to what degree the model must 

be adjusted in the short-term to return to equilibrium. The coefficient is negative as expected. The 

magnitude of the ECT is moderate, taking on a value of 0.38. This suggests that the model is out of 

equilibrium and that a moderate short-term correction is necessary in order to return to the steady 

state. For example, if the model is above equilibrium in t-1, the export will decrease by 0.38 per 

cent in period t, holding everything else constant. The inverse value of the ECT yields the number 
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of time periods necessary to bring the system back to equilibrium. In this case it will be 
 

    
      

quarters, a little more than half a year. This confirms the volatile nature of the exports.  

 

GDP 

Holding everything else constant, a one-percentage increase in the GDP of the recipient countries 

can be expected to increase Norwegian export by 1.67 per cent in the long run. The short run effect 

is similar, only stronger in magnitude. A one-percentage increase in the recipient countries GDP 

growth will increase export growth by 2.19 per cent. Both estimates are significant at the one per 

cent level.  

 

The stronger effect of GDP in the short run than in the long run has a possible theoretic explanation. 

An increase in the GDP of the receiver countries is expected to increase exports. The increase in 

exports will result in an increase in production, an increase in employment and increased profits for 

employees and the owners of the production capital. The increase in production will in turn lead to 

increased corporate investment, while the increase in salaries will increase private consumption and 

real estate investment. These factors contribute to strengthen the effects in production and 

employment. The increase in demand, production and employment leads to increased salaries and 

variable production costs through the increased pressure in the labour market. The cost increase will 

through an increase in export prices weaken the increase in exports in the long-term (Benedictow, 

2012).  

 

Compared to previous expectations the estimates are positive as expected, although larger in 

magnitude. To remind the reader, the average long-run GDP estimate of the gravity model is close 

to one
130

. This suggests that the Norwegian export is more sensitive to changes in recipient country 

GDP than the average country of the gravity articles. It is unclear whether the model of Benedictow 

(2012) confirms this theory as the GDP estimates are ranging from 0.13 to 1.99 in the long run, 

dependent on which export sector the model is applied to.  

 

RER 

The RER elasticities reveal that RER has a stronger effect on exports in the long run than in the 

short run. A one per cent increase in the foreign country / NOK RER implies a one per cent 

                                                        
130

 Prior expectations are summarized in section 3.3 
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appreciation of the NOK. This will decrease exports by 0.54 per cent in the long run. The 

equivalent short run effect on export growth of a one per cent change in competitive power is 0.21 

per cent. An explanation might be that the exporting countries engage in hedging to minimize 

currency risk. Contracts and adjustment costs can make it difficult for the receivers to alter 

established contracts and orders at short notice. Further, the receivers may be unsecure of whether 

the change in relative prices is permanent. The volatile nature of the RER variable may result in a 

preference for gradual adjustment to new information.  

 

The RER estimates are negative as expected, although smaller in magnitude. As explained in 

section 3.3, including a measure for competitive power is not standard procedure and thus it is not 

easy to know what magnitude of the coefficient to expect. Head and Mayer (2012) report an 

average long run coefficient of 1.38, based on various measures of competitiveness. Benedictow´s 

measure for competitive prices yield a long run estimate of 1.28.  

 

The complex and dynamic behaviour of the RER may provide a possible explanation to the smaller 

estimate of RER on exports compared to simpler measures for competitive power. An appreciation 

of the NOK results in a lower relative price level of foreign competing products measured in NOK, 

while the costs facing Norwegian exporters do not change immediately. This depresses exports. The 

effect on export is however diminished by a number of factors: Norwegian producers will lower the 

export prices to be able to compete with the lower price level of foreign producers. The effect is 

intensified when the appreciation leads to a price reduction of imported products and thus a cost 

reduction for Norwegian producers. Decreased profits and a lower pressure in the labour market 

will as a consequence of the appreciation further result in decreased production costs through a 

decrease in domestic salaries. In the short and medium term the appreciation of the NOK will 

depress exports and result in indirect effects on domestic activity like described above, but 

considering how the appreciation will over time result in lower domestic costs it will in turn 

diminish the effect of RER on exports (Benedictow 2012).  

 

Returning to the first research question, the answer is that Norwegian mainland exports are 

significantly affected by GDP and RER in both the long and the short term. In the long term the 

exports will increase by approximately 1.7 times the initial increase in recipient country demand 

and be subject to a reduction of about 0.5 times the initial appreciation of the NOK. The results are 
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along the same lines as the results obtained in section five of traditional estimation, where the 

coefficients of GDP and RER on export was estimated to be 2 and negative 0.5, respectively.  

6.7 Robustness Check 

To assess the robustness of the ECM it is re-estimated excluding the countries that have problems 

passing the diagnostics check performed in section 6.5. The diagnostics check of Spain reveals 

problems of autocorrelation and heteroscedasticity, while the results for Netherlands indicate 

problems related to autocorrelation and lack of normality. Moreover, autocorrelation is detected for 

Italy and USA. Table 6.7-1 reports the results
131

:  

ECM excluding Italy, the Netherlands, Spain and USA. 

 MG PMG DFE 

 

DFE 

SE adjusted by 

a cluster for 

countries 

Long run relationship 

LogGDP 2.20*** 

(0.24) 

1.58*** 

(0.08) 

1.46*** 

(0.12) 

 1.46*** 

(0.09) 

LogRER -0.38*** 

(0.11) 

-0.49*** 

(0.06) 

-0.36*** 

(0.08) 

-0.36*** 

(0.08) 

Short run relationship 

ECT -0.62*** 

(0.05) 

-0.46*** 

(0.06) 

-0.38*** 

(0.03) 

-0.38*** 

(0.06) 

ΔLogGDP 2.60*** 

(0.30) 

2.65*** 

(0.49) 

2.28*** 

(0.41) 

2.28*** 

(0.37) 

ΔLogRER -0.18 

(0.04) 

-0.25** 

(0.13) 

-0.25*** 

(0.09) 

-0.25** 

(0.12) 

Constant -13.96 

(2.37) 

-6.78*** 

(1.01) 

-4.94*** 

(0.76) 

-4.94*** 

(1.05) 

Hausman test 

 Test statistic 

                                                        
131 Stata output can be found in the appendix, section 6.7 
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MG vs PMG -0.39
132

 

MG vs DFE 0.04** 

(0.98) 

PMG vs DFE 0.00*** 

(1.00) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively.  

Regression Results: Standard errors in parentheses. Hausman Test: P-values in parentheses. 

Table 6.7-1 

The confidence intervals of all variables overlap in the restricted sample and the full sample, 

implying that the problems of autocorrelation, heteroscedasticity and normality do not affect the 

results.    

6.8 Reintroducing the Distance Variable 

The distance variable of the gravity model has been excluded from the model because of the 

limitations of the fixed effects estimation method applied. To overcome this problem and obtain an 

estimate of the effect of distance on exports, a time varying measure for transportation costs is 

introduced. The transportation cost variable is referred to as “trans” and is calculated as a product of 

distance and the oil price denoted in real USD:  

 

                                  (Eq. 6.8-1) 

 

The real oil price is calculated as USD per barrel, deflated by the GDP deflator (Blanchard and 

Gali, 2007). This way, the transportation costs will depend on the time varying oil price as well as 

the time invariant distance from Norway. Table 6.8-1 reports the ECM augmented with the 

logarithm of the trans variable
133

:  

 

Full sample 

 MG PMG DFE 

 

DFE 

SE adjusted by 

                                                        
132

 A negative value of the Hausman test statistic may occur. As a first remedy Screiber (2008) suggests the use of the 

absolute value of the statistics. As 0.39 is below the chi-square critical value of 5.991 at the five per cent level with two 

degrees of freedom, I will keep the null hypothesis.  
133 Stata output can be found in the appendix, section 6.8 
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a cluster for 

countries 

Long run relationship 

logGDP 2.17*** 

(0.23) 

1.71*** 

(0.08) 

2.08*** 

(0.13) 

 2.08*** 

(0.20) 

logRER -0.38*** 

(0.06) 

-0.37*** 

(0.08) 

-0.22 

(0.13) 

-0.16 

(0.17) 

logtrans -0.09 

(0.06) 

-0.09*** 

(0.03) 

-0.15*** 

(0.05) 

-0.15 

(0.10) 

Short run relationship 

ECT -0.62*** 

(0.05) 

-0.39*** 

(0.05) 

-0.31*** 

(0.02) 

-0.31*** 

(0.05) 

ΔlogGDP 2.56*** 

(0.29) 

2.06*** 

(0.49) 

1.91*** 

(0.41) 

1.91*** 

(0.36) 

ΔlogRER -0.19* 

(0.11) 

-0.18 

(0.13) 

-0.21** 

(0.10) 

-0.22* 

(0.12) 

Δlogtrans -0.03 

(0.04) 

-0.02 

(0.04) 

-0.02 

(0.03) 

-0.02 

(0.04) 

constant -13.69*** 

(2.40) 

-5.98*** 

(0.85) 

-6.11*** 

(0.69) 

-6.11*** 

(1.11) 

Hausman test 

 Test statistic 

MG vs PMG 2.92 

(0.40) 

MG vs DFE 0.00 

(1.00) 

PMG vs DFE 0.03 

(1.00) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively.  

Regression Results: Standard errors in parentheses. Hausman Test: P-values in parentheses. 

Table 6.8-1 

 

The results suggest that the impact of distance on Norwegian exports is modest. The transport 
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variable enters the ECM with a negative partial elasticity of 0.09 in the long run. This provides an 

impression that in the long run Norway will export slightly more to countries that experience lower 

transportation costs because they are located closer to Oslo. The short-term estimate of the transport 

variable on exports is not significant, suggesting that transportation costs do not have an impact on 

exports in the short run. Considering the time-invariant nature of the distance variable this is not 

surprising. Transportation costs can in large be estimated up front before the contracts are signed 

and it is normal practice to hedge large contracts dependent on the oil price.  

 

Compared to previous expectations, the magnitude of the coefficient of the transport variable is 

rather small. The average long run gravity estimate of distance is close to unity, while the cross-

section gravity estimate of Melchior, Zheng and Johnsen (2009) was ranging from 0.32-1.98 in the 

long run, dependent on the export sector applied as the dependent variable. The small magnitude of 

the estimated effect may be due to the sample including 11 countries only. Including hundreds of 

receiver countries with varying distance from Oslo like it is done in the traditional gravity models 

might result in a larger estimate of the transportation variable. 

 

Introducing a distance variable based on the oil price can introduce problems to estimation, 

considering that the Norwegian economy is highly sensitive to changes in the oil price. Changes in 

oil demand will have direct effects on oil producers and suppliers, as well as indirect effects on the 

overall economy. Even though this analysis is performed on Norwegian mainland exports in 

particular, there might still be an effect of the oil price on Norwegian export that does not relate to 

transport costs only. It should be noted that the introduction of the transport variable has left the 

estimates of GDP and RER unchanged. The PMG confidence intervals of the variables of the full 

sample ECM and the ECM including the transportation variables overlap in all cases, although the 

significance level of the variables is affected in the short-run.  

6.9 Further Research 

6.9.1 Subsample: The Five Largest Recipient Countries 

The ECM is applied for Sweden, the United Kingdom, USA, the Netherlands and Germany to 

answer the second research question of this thesis:  

Is the effect of the underlying drivers on Norwegian exports equal for a sample of the five largest 

receiver countries as it is for the full sample? 
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The results are summarized in table 6.9-1
134

: 

ECM of 5 largest export receivers: Sweden, UK, USA, the Netherlands and Germany 

 MG PMG DFE 

 

DFE 

SE adjusted by 

a cluster for 

countries 

Long run relationship 

LogGDP 1.96*** 

(0.20) 

1.56*** 

(0.09) 

2.12*** 

(0.18) 

 2.12*** 

(0.33) 

LogRER -0.19 

(0.28) 

-0.48*** 

(0.06) 

-0.44*** 

(0.14) 

-0.44*** 

(0.14) 

Short run relationship 

ECT -0.66*** 

(0.09) 

-0.39*** 

(0.12) 

-0.27*** 

(0.03) 

2.12*** 

(0.05) 

ΔLogGDP -0.33*** 

(0.26) 

1.68* 

(0.92) 

1.62** 

(0.66) 

1.62*** 

(0.55) 

ΔLogRER -0.33* 

(0.17) 

-0.38** 

(0.17) 

-0.47*** 

(0.12) 

-0.47*** 

(0.12) 

Constant -14.59*** 

(4.15) 

-5.87*** 

(1.69) 

-6.17*** 

(1.04) 

-6.17*** 

(1.66) 

The Hausman Test 

 Test statistic 

MG vs PMG 2.91 

(0.23) 

MG vs DFE 0.00 

(1.00) 

PMG vs DFE 0.03 

(0.98) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively.  

Regression Results: Standard errors in parentheses.Hausman Test: P-values in parentheses. 

                                                        
134 Stata output can be found in the appendix, section 6.9.1 
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Table 6.9-1 

The results of the Hausman tests provide the same conclusions as the full sample Hausman tests. 

The PMG and DFE are efficient, whereas the MG is consistent but not efficient. I will thus base the 

analysis of the results from the PMG, on the basis of the reasoning provided in section 6.6.2.  

 

Overall, the estimates are very similar to the estimates of the full sample. The long run results, as 

well as the short run GDP estimate seem to be slightly smaller for the restricted sample than for the 

full sample. More specifically, the PMG long-run results for the restricted sample are 1.56 and 

negative 0.48, for the GDP and RER respectively. The equivalent results for the full sample are 

1.67 and negative 0.54. All coefficients are significant at the one per cent level. The short-run 

estimate of GDP on exports is 1.68 and borderline significant at the level, as opposed to 2.21 for the 

full sample significant at the one percent level. The short-run estimate of RER on exports is 

negative 0.38 and larger in magnitude than the full sample equivalent coefficient of 0.21, but it 

should be noted that the restricted sample estimate is significant at the five percent only. The 

significance and magnitude of the ECT of the restricted sample is similar to the ECT of the full 

sample, the significance confirming that a cointegration relationship is present and the magnitude 

indicating a similar speed of adjustment.  

 

The impression that the effect of the underlying drivers of export is weaker for the five largest 

receiver countries does not appear significant, however. The 95 per cent confidence intervals of the 

variables overlap in both the short and the long run. The answer to research question number two is: 

Yes – the effect of the explanatory variables is the same for the five largest export countries as for 

the full sample.  

6.9.2 Subsample: Pre and Post 2001  

Estimating the ECT for the sample pre and post 2001 provides an answer to the third research 

question of this thesis:  

 

Has there been a change in the effect of the underlying drivers on the Norwegian mainland 

exports over the 20-year sample? 

 

A graphical inspection of the variables reveals possible changes in the nature of exports and GDP 

over the sample period. A similar break cannot be found in the case of the GDP variable. Figures 
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6.9.2-1 and 6.9.2-2 plots the Export and RER variables for Sweden, trend lines are included to 

emphasize my point:  

 

Figure 6.9.2-1    Figure 6.9.2-2 

The first part of the export sample is characterized by a strong upward sloping movement, that seem 

to stabilize towards the end of the sample. The RER variable reveals the opposite tendency, 

displaying a more stable movement in the first part of the sample before the strong appreciation of 

the NOK causes the RER to increase steadily towards the latter part of the sample. The strong 

appreciation of the NOK is related to the 2001 change in Norwegian monetary policy. The 

monetary policy was changed from inflation targeting to a freely floating exchange rate regime. 

Testing for changes in the subsample will imply testing whether this change in monetary policy has 

had an effect on exports.  

 

The results are reported in table 6.9.2-1
135

.  

 Pre 2001 Post 2001 

LogGDP 2.22*** 

(0.10) 

1.47*** 

(0.24) 

LogRER -0.49*** 

(0.08) 

-0.49*** 

(0.09) 

Short run relationship 

ECT -0.54*** 

(0.06) 

-0.50*** 

(0.06) 

ΔLogGDP 2.14*** 

(0.60) 

2.26*** 

(0.40) 

ΔLogRER -0.44*** 

(0.12) 

-0.07 

(0.12) 

                                                        
135

 Complete tables and Stata output are reported in the appendix, section 6.9.2. 
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Constant -12.69*** 

(1.63) 

-6.53*** 

(0.87) 

***, ** and * indicates statistical significance at the one, five and ten per cent level respectively. Standard errors in parentheses. 

Table 6.9.2-1 

The post 2001 sample reveals a smaller impact of GDP on exports than the pre 2001 sample. The 

pre 2001 coefficient of GDP on exports is 2.22, while the post 2001 equivalent coefficient is 1.47.  

The estimate of the GDP of the post 2001 sample yields a 95 per cent confidence interval of 1.00-

1.94, while the equivalent confidence interval of the pre 2001 sample ranges from 2.02-2.41, 

indicating that the difference is in fact significant. The short-term effect of GDP on exports seems 

to have remained constant. The confidence intervals of the coefficients of the pre and post 2001 

samples overlap.  

 

The long-run effect of the RER on export remains negative 0.48 in both samples, implying that the 

effect of competitive power has not changed. The effect of RER on export in the short-term reveals 

an interesting development. Pre 2001 the short-term effect of RER on export was negative 0.43 

percent of the original change in the RER, while post 2001 the RER variable is insignificant.  

 

 The results suggest that the exports have become less sensitive to the underlying drivers over time. 

The long-run estimate of the GDP variable is smaller in magnitude and there is no longer a 

significant short-run impact of RER on exports. The 2001 introduction of a floating exchange rate 

regime in Norway has lead to a relatively more volatile NOK that has steadily appreciated the past 

ten years. While the long-term effect of RER on export has not been affected over the 20-year 

sample, the change of monetary regime seems to have excluded the short-term effect of RER on 

exports. I can only speculate in whether this is a result of increased hedging of the NOK.  

 

The answer the third research question is yes – there has been a change in the underlying drivers of 

Norwegian exports over the 20-year sample.  

7. Conclusion 

This master thesis is an attempt to analyse the underlying drivers of Norwegian mainland exports 

for the purpose of providing an impression of the sensitivity of the Norwegian economy to the 

economic conditions of its trade partners. The starting point of the analysis is the gravity model, 



79 
 

which is considered to be one of the most efficient models for capturing trade flows. The model 

employed has been adjusted and augmented with the RER variable as an alternative to the local 

GDP of Norway, to better fit the Norwegian exports in particular. The model is applied to the 

Norwegian mainland exports on a quarterly basis from 1989 to 2012 for the 11 largest recipient 

countries. The traditional panel data estimators of fixed effects, random effects and pooled OLS are 

first applied, before taking on modern panel data estimation. The large time series dimension allows 

for a thorough analysis of the variables on a country-specific level, incorporating time series 

concepts like nonstationarity and cointegration. A dynamic error correction model accounting for 

cointegration among the underlying variables provides answers to the three research questions of 

the thesis. I firmly believe that the analysis provides a valuable contribution to the literature on 

Norwegian exports, because as far as I know a dynamic panel data analysis has not previously been 

applied to Norwegian exports. 

 

I will answer each hypothesis in turn:  

1. To what degree are the Norwegian mainland exports affected by its underlying drivers? 

Both traditional and modern estimation techniques imply that the Norwegian mainland exports are 

significantly affected by changes in demand and competitive conditions. The ECM reveals a 

positive effect of GDP on exports of approximately 1.7 times the original increase in recipient 

country demand in the long run. The estimates of the effect of the RER on export further reveal that 

an appreciation of the Norwegian currency will weaken exports by approximately half the initial 

increase in the RER. The short run estimates show similar tendencies. The value of the ECT is 

moderate, implying that the system will rapidly adapt in the short-term to reach the long-term 

equilibrium. 

 

2. Is the effect of the underlying drivers on Norwegian exports equal for a sample of the five 

largest receiver countries as it is for the full sample? 

Comparing the ECM of the full sample to the ECM of a subsample of the five largest countries 

reveals no significant differences. This allows me to conclude that the effect of the underlying 

drivers is the same for the five largest countries as for the full sample of recipient countries. 

 

3. Has there been a change in the effect of the underlying drivers on the Norwegian 

mainland exports over the 20-year sample? 
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The results provide some indication that the Norwegian mainland exports have become less 

sensitive to its underlying drivers over the estimation period. More specifically, the long run effect 

of GDP on exports is reduced and the effect of the RER on exports in the short-run is no longer 

significant post 2001. It is important to note that this does not alter the conclusion that Norwegian 

exports are sensitive to its underlying drivers. Even though the long run effect of GDP on export 

has been weaker post 2001 than pre 2001 the elasticity is still significant and moderate in 

magnitude, while the effect of the RER has remained constant in the long run.  

 

The overall results of this master thesis imply that Norwegian mainland export is very sensitive to 

changes in demand and competitive conditions. The results support the theory presented in the 

introduction of the thesis: The stability of Norwegian mainland exports throughout the recent debt 

crisis is merely a result of the stable economic development in the specific countries that Norway is 

exporting to. If the economic crisis were to escalate and affect the countries that are important 

receiver countries of Norwegian exports, the consequences for Norway would be critical. With this 

master thesis I hope to increase the awareness of the risk factors that may affect the Norwegian 

economy through exports going forward.  

8. Criticism  

This thesis is based on numerous assumptions that may not necessarily apply in real life. Generally, 

an econometric analysis will never yield perfect estimates. The quality of the data applied in this 

analysis implies certain limitations. First, the quarterly nature of the data is restrictive. Second, the 

panel consists of 11 countries – 12 including Norway. Different data collection techniques across 

countries may increase the already evident risk of measurement error. Third, the volatile nature of 

exports affects the quality of the seasonal adjustment applied. I have replaced a number of outliers 

with trend values, without providing sufficient justification.  

 

The analysis relies on the assumption that export is endogenous, while the GDP and RER variables 

are exogenously determined. This is not necessarily consistent with economic intuition. In reality, 

the causal relations between the dependent variable and the explanatory variables may run in both 

directions. Basic macroeconomic theory introduces the expenditure share equation for GDP
136

, 

where GDP equals the sum of private consumption, gross investment, government spending and net 

                                                        
136

 GDP = C+I+G+(X-I). 
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exports
137

. This implies that an increase in export will in turn increase GDP. Similarly, exports may 

also affect the RER. Norwegian exporters normally receive income in foreign currency and costs in 

NOK. As a consequence, the exporters will have to sell foreign currency and buy NOK to cover 

their costs. This may have an effect on the NOK currency. Further, the GDP may have an effect on 

RER and vice versa. The restriction that GDP and RER are exogeneous implies that only one 

cointegrated relationship is considered, although there may exist multiple cointegrated relationships 

between the variables in the model. For time series data, multiple cointegrated relations can be 

examined by applying the multiple equation framework of the Johansen test. Because I have no 

knowledge of an equivalent test for panel data, the Johansen test is not applied in this thesis and the 

concept of multiple cointegrated relations is left for further analysis. 

 

Attachment 1: X12 ARIMA Seasonal Adjustment 

The X12 ARIMA method developed by the US Census Bureau is applied to seasonally adjust the 

variables in question. X12 ARIMA is widely used by the majority of the leading statistical institutes 

across the world and is in line with the European best practice
138

. The X12 ARIMA method is 

summarized in figure A1-1: 

 

                                                        
137

 Steigum 2008, page 39 
138 UK – The Office for National Statistics (2007) 
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Figure A1-1 

Source: Pedersen and Fæste 2006 

 

The X12 ARIMA method is based on X-11 seasonal adjustment, a pure moving average approach 

developed by the US Census Bureau in the 1960s. The package has since then been further 

improved by the US Census Bureau and Statistics Canada, with important contributions from e.g. 

Deutsche Bundesbank (Pedersen and Fæste, 2006). The main advantage of X12 ARIMA is that it 

combines the moving average technique of X11 with time series modelling. More specifically, X12 

ARIMA makes use of regression Autoregressive-Integrated-Moving-Average models (RegARIMA 

models) for adjustment of the raw series to improve the X11 seasonal adjustment procedure. The 

choice of RegARIMA model is justified by comparing model diagnostics
139

. When the process of 

seasonal adjustment is completed, the results are assessed using seasonal adjustment diagnostics. 

The diagnostics are reported in the X12 ARIMA output. As indicated by the arrows in the above 

figure, the process is to be repeated if the diagnostics are not acceptable.  Relying on the US Census 

                                                        
139 I have chosen to rely on the AICC

139
 as recommended by the US Census Bureau. Between any two models, the one 

with the smaller AICC is preferred. 
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X12 ARIMA reference manual I will continue going into further detail with regard to the concepts 

of the X12 ARIMA modelling.  

 

RegARIMA Models 

 

Specification of the regression variables in RegARIMA models 

The first step in fitting a regARIMA model is to choose the form of transformation. As explained in 

section 4.4 in the main text, the nature of the time series can be either additive or multiplicative. 

When the series is additive, the model is fitted directly on the original series. When the series is 

multiplicative, the model is fitted on the log-transformed series. The nature of the series is tested 

automatically by the X12 ARIMA programme and confirmed by inspecting the graph of the series.    

 

The most basic regression variable to include in the regARIMA model is a constant term. When 

adjusting stationary series where the ARIMA model does not involve differencing, the constant 

term will represent the mean of the stationary series. When the ARIMA model involves 

nonseasonal differencing, the constant term will be included as a column of ones and represent a 

deterministic trend in the series. Including seasonal differencing, the trend constant will have a 

more complicated nature, allowing for a polynomial trend of degree d+D
140

.  

 

Trading day effects are results of differing day-of-the-week compositions of the same calendar 

month in different years. I have made use of two different methods to account for trading day 

effects. The first method models trading day effects by including seven different variables that 

represents the number of Mondays, Tuesdays, etc in a quarter, along with a seventh variable 

accounting for leap year effects. The second method is simpler, including one variable accounting 

for weekday effects and one for weekend effects.  

 

Holiday effects arise from holidays whose dates vary over time and the activity measured increases 

or decreases around the holiday and this differentially affects two quarters dependent on the date the 

holiday occurs each year. X12 ARIMA provides four types of regression variables to deal with 

abrupt changes and extreme values in the data, namely additive outliers (AO), level shifts (LS), 

                                                        
140 I will come back to the concept of seasonal differencing in the next section on the ARIMA part of the 
regARIMA model. 
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temporary changes (TC) and ramps. In this analysis I have included regressors for AO and LS only, 

where AO affect only one observation in the time series and LS increase or decrease all 

observations onward by some constant amount. Outlier detection is applied using the X12 ARIMA 

command “add one” which provides full re-estimation after each single outlier is added to the 

model. The outlier is detected on the basis of robust estimates of the residual standard deviation.  

 

The regression variables are included if the individual critical values are beyond the t-statistic of 

1.96 at a five percent significance level. If a group of variable is tested, such as trading day effects, 

the appropriate statistic is the chi-square. For this statistic the program automatically reports the 

probability, the p-value, where any value less than 0.05 is considered significant at the five per cent 

level. Because outlier detection involves searching over all time points (if not specified otherwise) 

the usual normal distributed critical values are too low for judging significance. The significance 

level set by the X12 ARIMA program is |3.80|. Considering the volatile nature of the export series, I 

have manually included outliers of lower significance levels than |3.80|. This is also done by Pham 

(1996) in the seasonal adjustment of the aggregate Norwegian export series.  

 

Specification of the ARIMA part of the regARIMA model 

ARIMA modeling is introduced to model the estimated residuals from the linear regression in order 

to achieve uncorrelated error terms. Box and Jenkins (1976) first introduced ARIMA models, the 

term deriving from
141

: AR = autoregressive, I = Integrated and MA = Moving Average. Where the 

autoregressive term is included to model the behaviour of a dependent variable that is largely 

determined by its own value in a preceding period:  

 

                      (Eq. A1-1) 

 

where | |    and rest is a Gaussian error term.  

 

 The integrated term is added to induce stationarity and de-trend the raw data through differencing:  

 

                  (Eq. A1-2) 

 

                                                        
141 Asteriou and Hall, 2011. P. 267.  
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 The implication behind the moving average term is that Yt depends on the value of the immediate 

past error, which is known at time t.  

 

                  (Eq. A1-3) 

 

The ARIMA model is determined by its orders and structure, e.g., (p d q) (P D Q)s. Where p is the 

order of the autoregressive component, d is the order of differencing an q is the order of moving 

average. (P D Q) are the seasonal ARIMA components. The ARIMA model identification process 

is carried out by the X12 ARIMA program. In cases where the automatically selected ARIMA 

model does not pass the diagnostic tests, the model is manually augmented including extra 

coefficients of the AR or MA components. The coefficients are only added when they are 

significant and improve the diagnostics. The AR- and MA-terms with corresponding standard errors 

are reported in the X12 ARIMA output. Calculating the ratio of the two yields the t-statistics that 

should be above 1,96 to be significant at the five percent level.  

 

Considering the volatile nature of the export time series, often more than one ARIMA model will fit 

a given time series. One fundamental idea in choosing a model is to take the simplest model that 

will make a satisfactory fit. This principle is known as “parsimonious parameterization”. This 

makes diagnostics check critical. 

 

Diagnostics Checking 

The objective of diagnostics checking is to assess the goodness of fit of the model. In an acceptable 

model the residuals should appear to be white noise. The principal tool in testing for a satisfactory 

model fit is to check for autocorrelation of the residuals. Any significant serial correlation in the 

residuals could be an indication of model inadequacy. The X12 ARIMA output provides ACF 

correlograms of the residuals and the squared residuals, as well as the respective Ljung-Box 

portmenteau statistics (Q-statistics). The Ljung-Box Q-statistics measures accumulated 

autocorrelation up to lag 12.
1
 The Q-statistics follow an asymptotic chi-square distribution with 

degrees of freedom equal to the number of lags used in computing them, less the number of AR and 

MA parameters estimates. A significant Q statistic for any of the residuals will indicate a possible 

problem with the model. When the residuals are white noise, the ACF correlograms of the residuals 

will show no significant spikes. 
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If the ACF of the squared residuals shows any spikes it indicates that the volatility is not constant 

over time. The normality condition is assessed through basic descriptive statistics reported in the 

X12 ARIMA output. Included in the output are a histogram of the residuals and a measure for 

kurtosis. As mentioned in section 6.5.3 in the main text, for a normally distributed variable the 

skewness should be zero and the kurtosis should be three. 

 

Outlier detection is an important issue of diagnostics checking as well as a part of the regARIMA 

specification. Failure to pass the model diagnostics might be because certain data effects are not 

captured well by the model. By replacing outliers iteratively, the diagnostics can be improved and 

outliers that distort the model quality can be replaced.  

 

X11 ARIMA 

The original X11 ARIMA procedure is performed on the outcome of the regARIMA modelling. It 

is based on a standard moving average approach. A moving average is a weighted average of a 

moving span of fixed length of a time series. The objective is to remove or filter out as much as 

possible of the irregular component of the series, leaving the smooth trend component. The X12 

ARIMA will by default choose the most appropriate moving average filter. For more information of 

the moving average filters, the reader is encouraged to consult the web pages of the US Census 

Bureau.  

 

Quality Assessment 

Introductory tests 

These tests are meant to give an impression of the degree of significance of the seasonality in the 

time series.  

 

Test for the presence of seasonality 

The parametric test for the presence of seasonality is based on the assumption of stable seasonality, 

so that the seasonal component can be approximated by the quarterly averages of the series. The test 

is an F-test given by (Pedersen and Fæste, 2006):  
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  (        )      (Eq. A1-4) 

 

S
2

A is the inter-quarterly sum of squares,  (k*-1) is the degrees of freedom of the variance of the 

quarterly averages, S
2

R is the residual sum of squares and (n-k*) is the degrees of freedom of the 

residual variance. n is the number of observations and k* is the number of observations within a 

year (k*=4 in this case).  

 

The hypotheses are: 

H0: No (stable) seasonality present in the time series 

HA: (Stable) seasonality present in the time series 

 

It is the ratio between the variance explained by the residual variance and the variance explained by 

stable seasonality. The larger the seasonal variance is relative to the residual variance, the more of 

the variance is explained by the seasonal component and the more significant is the seasonal 

pattern. However, it should be noted that the seasonality is assumed to be stable throughout the 

sample. Furthermore, the series used for this test is the original series (adjusted for regression 

variables) without the preliminary trend estimate. Of this reason the residuals are likely to be 

correlated, which is why the test statistic is compared to a high critical value of seven to decrease 

the risk of rejecting a true null hypothesis of no seasonality.  

 

Test for moving seasonality 

If seasonality is present, it is relevant to focus on the nature of the seasonality. The test is based on 

the assumption that the total sum of squares can be decomposed into:  

 

     
    

    
         (Eq. A1-5) 

 

Where SQ
2
 is the “inter-quarter” sum of squares, SB

2
 is the “inter-year” sum of squares and SR

2
 is 

the residual sum of squares. The F-test is given by:  

 

   
  
 

    

  
 

(   )(    )

  (    (   )(    ))    (Eq. A1-6) 
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H0: There is no change in the seasonal pattern (B does not change) 

HA: There is change in the seasonal pattern 

 

In general, the faster the seasonality moves, the shorter the moving average filters have to be.  

 

Testing for residual seasonality 

The presence of seasonal and calendar effects in either the seasonally adjusted series or the irregular 

component is referred to as residual seasonality. Residual stationarity should not be present. Testing 

for residual seasonality is performed using the same F-test as when testing for stable seasonality. In 

this case, the test is performed on the seasonally adjusted series. Again, it should be noted that the 

test relies on an assumption of stable seasonality. If there is unstable or moving seasonality in the 

residuals, it might not be identified by this test.  

 

Evaluating tests 

The following tests are applied to evaluate to what extent the seasonality has been successfully 

removed by the seasonal adjustment procedure.  

 

M statistics 

The M-diagnostics are reported in table F3 of the X 12 ARIMA ouput. The M-diagnostics take 

values from zero to three. A higher value than one indicates a source for potential problems in the 

seasonal adjustment. However, it is important to note that some diagnostics are more important than 

others and that not all diagnostics are necessarily required to exhibit values less than one for the 

seasonal adjustment to be acceptable.  

 

M7 is the most important among the M-diagnostics. M7 combines the two F-tests of the presence of 

stable and moving seasonality, described above. It is an indication of whether or not the seasonality 

in the series is identifiable. A high value indicates that the seasonality pattern is changing too 

rapidly and unsystematically to be quantified. If M7 exceeds one it indicates that it will be difficult 

to seasonally adjust the series in an appropriate way. If the conclusion from the F and M7 tests is 

that the series is seasonal, one should proceed checking the statistics listed below in the following 

order: 
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1. M1 is a measure of how large the irregular component is compared to the seasonal 

component. Values higher than one implies that the irregular component is large and that it 

may be difficult to estimate the seasonal component accurately.  

2. M6 is another measure of the irregular and applies to the moving average filter. A value of 

M6 larger than one indicates that a filter shorter than 3x5 should be applied. M6 is only 

valid under a 3x5 seasonal filter.  

3. The M8 through M11 diagnostics assess the fluctuations in the seasonal component. M8 and 

M9 are measures for the entire time span, while M10 and M11 covers the end of the series 

only.  

4. M4 is a measure of autocorrelation in the irregular component.  

5. M2 measures the amount of the irregular compared to a straight-line trend. As a 

consequence M2 is misleading if the series are not well approximated by a straight line. The 

US Bureau of Census suggests disregarding M2.  

6. M3 and M5 measure the irregular compared to the trend and are not considered to be 

important diagnostics
142

.  

Q is a weighted average of the eleven M-statistics and provides a measure for the overall quality of 

the seasonal adjustment.  

 

Sliding spans 

Sliding spans
143

 detect instability in the seasonally adjusted series. A series is defined to be stable if 

removing or adding points at either end of the series does not overly affect the seasonal adjustment.  

 

Seasonal Adjustment of the Export Time Series 

The export series include 96 quarterly observations, from first quarter 1989 to fourth quarter 2012 

for the 11 countries included in the analysis. On the basis of a graphical inspection of the time series 

the raw data of the export time series seem to follow upward sloping trends. All series display great 

fluctuations from quarter to quarter, seemingly characterized by a number of extreme values. I will 

continue with a short analysis of the results of the seasonal adjustment procedure. The results are 

summarized in the appendix and the full X12 ARIMA output can be found on the CD disclosed. 

 

                                                        
142 UK – The Office for National Statistics 2007 

143 A span is a range of data between two dates.  
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The RegARIMA models chosen 

The exports to Italy are the only time series modelled including a constant. Regression variables 

accounting for the Easter effect are included for the export to Denmark, Spain and Sweden. 

Common for the single regression variables are t-statistics above the critical value of 1.96 at the five 

per cent level. For the joint significance of the trading day variables, the X12 ARIMA output 

reports p-values below 0.05. The most frequent model choice is ARIMA (0 1 1)(0 1 1). This model 

is a well-known seasonal model, called the “airline model” because it was originally used by Box 

and Jenkins to model the monthly numbers of airline passengers
144

. The airline model provides the 

best fit for six out of 11 export series. The more complex ARIMA models specified as (1 1 1) and 

(0 1 2) are fitted for two and three time series respectively. All ARMA terms are significant.  

 

The export time series pass the diagnostic tests, indicating a satisfactory fit is found for all models.  

The ACF correlograms show no significant spikes and no Q statistic is significant. Common to all 

models are a kurtosis close to three and histograms witnessing normal distribution. None of the 

estimated models suffer from serious autocorrelation or lack of normality.  

 

Introductory tests 

The introductory tests confirm the presence of seasonality. For the F-test testing the presence of 

seasonality, the null hypothesis of no stable seasonality is rejected in all cases. The test for moving 

seasonality yields mixed results. In four cases the null hypothesis of no moving seasonality is 

rejected at the one per cent level, suggesting that moving seasonality is present in the data. The four 

countries are Denmark, France, Spain and Sweden. Because the presence of seasonality is 

confirmed in all cases, the moving seasonality does not seem to be affecting the series enough to 

make it unsuitable for seasonal adjustment. None of the series show signs of seasonality in the 

residuals.  

 

Evaluating tests 

The evaluating tests aids in judging the quality of the seasonal adjustment. The most important 

statistic of M7 yields results along the same lines as the F-test testing the presence of seasonality. 

The M7 is below one for all series, indicating that the seasonal pattern is stable enough to be 

quantified. M1 takes on a value larger than one for all the export series, indicating that the 

                                                        
144 UK draft p. 11-3 
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fluctuations in the irregular component are larger than the fluctuations in the seasonal component. 

Large values of M1 will harm the quality of the seasonal adjustment. In practice this leads to 

difficulties in estimating the seasonal component accurately, leaving a part of the irregular 

component in the seasonal component. The results are similar to the results of the seasonal 

adjustment of aggregate Norwegian export performed by Statistics Norway. Pham (2006) argues 

that the large irregular component does not have to result in any problems as long as the M4 

statistic is below one, assuring that the irregular component is white noise.  

 

Further, there are problems with the M8-M11 statistics. The M8 and M10 take on values above one 

in five cases, indicating that the seasonal component exhibit large random fluctuations. This 

confirms the suspicion given by the large value of M1, leading me to believe that there is a part of 

the irregular component included in the seasonal component. The acceptable M9 statistics indicate 

that the fluctuation in the seasonal component follows a linear movement. The M11 statistics show 

values above one in four cases, suggesting that the instability of the seasonal component seem to 

increase towards the end of the series.  

 

The Q-statistic is close to or below one in all cases except for Spain. This indicates a good overall 

quality for the majority of the seasonally adjusted export series. For the export to Spain the Q-value 

is 1.83 however, indicating poor quality of the overall seasonal adjustment. 

 

The results of the sliding spans analysis confirm the problem of instability. Only seven of the 

seasonally adjusted series are stable. Stability and quality are linked, but are not the same. Stability 

of the seasonal adjustment is often a good indicator of quality. However, it will sometimes be the 

case that the “best” seasonal adjustment is an unreliable one. Many official agencies will not 

publish seasonal adjustments if the stability diagnostics are unacceptable, but for the purpose of 

providing seasonally adjusted data for use in a master thesis the need for stable data is not as critical 

as for official agencies. 

 

The seasonal adjustment of the Swedish GDP deflator is applied to an ARIMA (0 1 1)(0 1 1) model, 

including a regression variable correcting for the Easter effect. The model passes all tests, except 

for the test of moving seasonality. The results of the sliding spans analysis confirm that the series 
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are stable. Overall, the seasonal adjustment of the GDP deflator is of much better quality than for 

the export series.  

 

Conclusion 

I conclude that the quality of the seasonal adjustment performed is sufficient for the purpose of this 

analysis. The F-tests of seasonality and the M7 statistics lead me to accept the presence of 

seasonality for the export to all receiver countries. Despite problems with the large size of the 

irregular component and the instability of the seasonal component, the overall model quality 

assessment is good enough for my purpose. Pham (2006) argues that the quality measures are 

developed on the basis of US and Canadian data characteristics and that it may not fit Norwegian 

data perfectly. This may lead to misleading conclusion for Norwegian time series and especially for 

volatile time series like exports. Considering the large number of outliers and the volatile nature of 

the seasonally adjusted series, the outliers detected in the X12 ARIMA procedure are replaced by 

their trend values. This allows me to obtain smoother series, but results in a loss of information of 

the extreme values. Pham (2006) argues that the best method is to publish the series including 

extreme values, as long as the underlying causes of the extreme values can be accounted for. Due to 

the scope of this thesis I have not been able to identify the causes of all the extreme values 

identified, and thus I have chosen to replace the identified outliers with their trend values. This 

method is used by Statistics New Zealand when publishing seasonally adjusted data. 

 

Attachment 2: The Westerlund Test for Cointegration 

The Westerlund tests are based on structural rather than residual dynamics (Persyn and Westerlund, 

2008). Testing for cointegration is done inducting whether the ECT of the ECM (Eq. 6.4.2-1) is 

equal to zero: 

 

                                                          

 

The hypotheses depend on what is assumed about the homogeneity of the ECT. The first pair of 

tests, called the group mean tests, does not require the ECTs to be equal across cross-sections. The 

null hypothesis of no cointegration is tested against the alternative hypothesis of cointegration for at 

least one cross-section: 
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H0G:         No cointegration for all j 

H1G:         At least one j is cointegrated 

 

The second pair of tests referred to as the panel tests restricts the ECTs to be equal across cross-

sections,     . This implies testing whether the panel is cointegrated as a whole:  

 

H0:         No cointegration 

H1B:         Cointegration  

 

 

The between group-mean statistics can be calculated by:  
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          (Eq. A2-1) 
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           (Eq. A2-2) 

 

The panel statistics are given by:  

   
  ̂

  ( )
        (Eq. A2-3) 

     ̂        (Eq. A2-4) 

 

The asymptotic standard normal distribution of the test is based on sequential limit-theory, where T 

is taken to infinity before N. The results are generalized to account for cross-sectional dependence 

by applying bootstrap approach of Westerlund (2007). The test statistics follow a Z-distribution. All 

four tests lead to a clear rejection of the null hypothesis at a one per cent level. The results are 

strong evidence in favour of cointegration between export, GDP of country j and RER. 
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