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ABSTRACT 

 

 

 

 

Market integration is a frequently discussed topic. This study presents an econometric 

analysis of the interlinkages between the Swedish, Norwegian, and Finnish coniferous 

roundwood assortment markets by conducting the Johansen’s co-integration test. It also 

investigates the directional causality between markets concluded integrated. The data 

utilised consists of quarterly, nominal prices for pine, and spruce saw logs and pulpwood 

for each country. Because of issues regarding stationary price series, the co-integration 

test could only be tested on five markets; Swedish and Norwegian pine saw logs and 

Swedish, Norwegian and Finnish spruce pulpwood. Swedish and Norwegian pine saw 

log prices were found integrated according to the Johansen’s test, but no relationship was 

found when performing the Granger causality test, implying that the underlying 

assumption of non-stationary prices may not have been fulfilled. No linkages were found 

concerning the spruce pulpwood markets; neither for all three countries nor bi-variate. 

 

 

  



SAMMANFATTNING 

 

 

 

 

Integrering mellan marknader är ett ofta omtalat ämne. Den här studien presenterar en 

ekonometrisk analys av kopplingar mellan svenska, norska, och finska 

barrundvirkesmarknader genom utförandet av Johansens samintegrationstest. Där 

integrering påvisades undersöktes även kausalitetens riktning. Den data som användes 

bestod av nominella priser för sågtimmer och massaved av tall och gran för varje land. 

På grund av problem med stationära priser kunde samintegrationstestet endast utföras på 

fem marknader; svenskt och norskt tallsågtimmer, samt svensk, norsk och finsk 

granmassaved. Johansens testet visade att de svenska och norska tallsågtimmerpriserna 

var integrerade, men ingen relation hittades när Grangers kausalitetstest utfördes, vilket 

kan innebära att det underliggande antagandet om icke stationära priser inte var uppfyllt. 

Inga kopplingar mellan granmassavedsmarknaderna kunde påvisas: varken för alla tre 

länder, eller tvådimensionellt.  



ACKNOWLEDGMENTS 

 

 

 

 

I would like to express my deepest gratitude to my supervisor, Professor Robert 

Lundmark, who has provided me with much appreciated knowledge and aid throughout 

the time of conducting this study. I would also like to thank my fellow classmates, as they 

have offered valuable remarks concerning my study. Finally, my heartiest gratitude goes 

to my family, as they have lovingly supported me throughout the entire process.  



TABLE OF CONTENTS 

 

 

 

 

CHAPTER 1 INTRODUCTION ................................................................................... 1 

1.1 Problem discussion .................................................................................................................. 1 
1.2 Purpose ..................................................................................................................................... 2 
1.3 Delimitations ............................................................................................................................ 2 
1.4 Method ..................................................................................................................................... 2 
1.5 Disposition ............................................................................................................................... 3 

CHAPTER 2  BACKGROUND ..................................................................................... 4 

2.1 Forests in Sweden .................................................................................................................... 4 
2.2 Forests in Finland ..................................................................................................................... 5 
2.3 Forests in Norway .................................................................................................................... 5 
2.4 Roundwood .............................................................................................................................. 6 

2.4.1 Industrial roundwood production ..................................................................................... 7 
2.4.2 Roundwood assortments’ price movements ...................................................................... 9 

CHAPTER 3  LITERATURE REVIEW .................................................................... 14 

3.1 The Nordic market ................................................................................................................. 14 
3.2 The European market ............................................................................................................. 16 
3.3 Other geographical markets ................................................................................................... 18 
3.4 Conclusions based on the literature review ........................................................................... 19 

CHAPTER 4 THEORETICAL FRAMEWORK ...................................................... 21 

4.1 Spatial price equilibrium ........................................................................................................ 21 
4.2 Law of one price .................................................................................................................... 23 

CHAPTER 5  METHODOLOGY ............................................................................... 24 

5.1 Co-integration test .................................................................................................................. 24 
5.1.1 The Johansen’s test ......................................................................................................... 25 

5.2 Unit root and stationarity tests ............................................................................................... 25 
5.2.1 Augmented Dickey-Fuller ............................................................................................... 27 
5.2.2 The Kwaitkowski, Phillips, Schmidt and Shin test .......................................................... 28 
5.2.3 The Phillips-Perron test ................................................................................................. 28 

5.3 Directional causality test ........................................................................................................ 29 



5.3.1 Granger-causality test .................................................................................................... 29 
5.4 Lag length .............................................................................................................................. 30 

5.4.1 Akaike information criterion .......................................................................................... 30 
5.4.2 Schwarz Bayesian information criterion ........................................................................ 31 
5.4.3 Hannan and Quinn information criterion ...................................................................... 31 

CHAPTER 6 EMPIRICAL DATA AND RESULTS ................................................ 33 

6.1 Empirical data ........................................................................................................................ 33 
6.2 Unit root and stationarity test results ..................................................................................... 35 

6.2.1 Tests in levels .................................................................................................................. 36 
6.2.2 Tests in first difference ................................................................................................... 42 

6.3 Johansen’s maximum likelihood test results .......................................................................... 46 
6.4 Granger causality test ............................................................................................................. 48 

CHAPTER 7  CONCLUSIONS AND DISCUSSION ............................................... 50 

REFERENCES .............................................................................................................. 54 

APPENDIX .................................................................................................................... 58 

A1. Quarterly prices for pine saw logs in euros ........................................................................... 58 
A2. Quarterly prices for spruce saw logs in euros ....................................................................... 60 
A3. Quarterly prices of pine pulpwood in euros .......................................................................... 62 
A4. Quarterly prices for spruce pulpwood ................................................................................... 64 
A5. Logarithmically transformed pine saw log prices ................................................................. 66 
A6. Logarithmically transformed prices for spruce saw logs ...................................................... 68 
A7. Logarithmically transformed pine pulpwood prices ............................................................. 70 
A8. Logarithmically transformed spruce pulpwood prices .......................................................... 72 
A9. First differenced pine saw log prices .................................................................................... 74 
A10. First differenced spruce pulpwood prices ........................................................................... 76 
 

  



LIST OF FIGURES 

 

 

 

 

Figure 1. Annual coniferous saw log and veneer log production for Sweden, Norway and 

Finland in 1,000m3 ub ....................................................................................................... 7	

Figure 2. Annual coniferous pulpwood production for Sweden, Norway and Finland in 

1,000m3 ub ........................................................................................................................ 8	

Figure 3. Swedish, Norwegian and Finnish pine saw log prices in €/m3 ........................ 10	

Figure 4. Swedish, Norwegian and Finnish spruce saw log prices in €/m3 .................... 11	

Figure 5. Norwegian and Finnish pine pulpwood prices in €/m3 ................................... 12	

Figure 6. Swedish, Norwegian and Finnish spruce pulpwood prices in €/m3 ................ 13	

Figure 7. The equilibrium flow of exports ...................................................................... 22	

Figure 8. Logarithmically transformed prices for Swedish spruce saw logs and pulpwood

......................................................................................................................................... 38	

Figure 9. Logarithmically transformed prices for Finnish pine saw logs and pulpwood 41	

Figure 10. Logarithmically transformed prices for Finnish spruce saw logs and pulpwood

......................................................................................................................................... 42	

Figure 11. First differenced logarithmically transformed prices for Swedish pine saw logs

......................................................................................................................................... 44	

Figure 12. First differenced logarithmically transformed prices for Norwegian spruce 

pulpwood......................................................................................................................... 45	

 

  



LIST OF TABLES 

 

 

 

 

Table 1. Unit root and stationarity test results for the Swedish assortments’ log-

transformed prices in levels ............................................................................................ 37	

Table 2. Unit root and stationarity test results for the Norwegian assortments’ log-

transformed prices in levels ............................................................................................ 39	

Table 3. Unit root and stationarity test results for the Finnish assortments’ log-

transformed prices in levels ............................................................................................ 40	

Table 4. Unit root and stationarity test results for the Swedish assortments’ first 

differenced log-transformed prices ................................................................................. 43	

Table 5. Unit root and stationarity test results for the Norwegian assortments’ first 

differenced log-transformed prices ................................................................................. 44	

Table 6. Unit root and stationarity test results for the Finnish assortments’ first differenced 

log-transformed prices .................................................................................................... 46	

Table 7. Johansen’s test results for Swedish and Norwegian pine saw logs with a lag 

length of one observation ................................................................................................ 47	

Table 8. Johansen’s test results for Swedish, Norwegian and Finnish spruce pulpwood 

with a lag length of one observation ............................................................................... 47	

Table 9. Johansen’s test results for bi-variate cases ....................................................... 48	

Table 10. Granger causality test results for Swedish and Norwegian pine saw logs prices 

with a lag of two observations ........................................................................................ 48	

 



 1 

CHAPTER 1 

INTRODUCTION 

 

 

 

 

1.1 Problem discussion  

The issues regarding hazardous emissions are frequently discussed amongst politicians. 

Different policies are regularly undertaken in order to minimise the outflow of greenhouse 

gases, especially carbon dioxide, in order to prevent global warming. When not harvested, 

the trees in the forests serve as carbon sequestrations, preventing the earth from 

overheating. When felled, the trees can be transformed into environmentally friendly 

products, such as energy and biofuels, providing green alternatives to the standard 

products derived from non-renewable resources. Thus, whether or not the forest is 

harvested, it can minimise the amount of carbon dioxide in the atmosphere. However, it 

can also be transformed into a variety of other products in addition to energy and biofuels, 

for example roundwood assortments such as saw logs and pulpwood (Brännlund et al. 

2010). 

 

As the forest is an economically scarce resource, policies increasing the demand for 

environmentally friendly energy and fuels will have an impact on other forest industries 

as well. Therefore, it is safe to assume that as the production of energy and fuels derived 

from trees increases, the price of saw logs and pulpwood will augment. This will affect 

the sawmills as well as the mass and paper industries negatively, since saw logs and 

pulpwood are their inputs. Thus, these industries will be less profitable as no higher prices 

on the end products are to expect (Brännlund et al. 2010). 

 

In 2003, Sweden implemented a programme called the Green Electricity Certificate 

System, in order to intensify the production of environmentally friendly energies. This 

programme was later joined by Norway in 2012 (Swedish Energy Agency, 2016). Finland 

has also applied various policies in order to reduce hazardous emissions. For example, in 

2015, the Climate Change Act was approved. Through this, Finland set a goal to minimise 

dangerous emissions with at least 80 per cent within the next 35 years (Ministry of the 
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Environment, 2017-10-05). These aforementioned policies may lead to an augmentation 

of the saw log and pulpwood price in each country. Furthermore, if the countries’ 

roundwood markets are integrated, price changes on roundwood assortments in one 

country will lead to price changes on the other’s. In order for the forest owners and the 

sawmill- and paper industries in Sweden, Norway and Finland to make correct 

assessments about future saw log and pulpwood prices and undertake appropriate 

investments decisions, they may thus have to analyse each other’s roundwood markets 

and policies affecting them (Jaunky and Lundmark, 2015). However, investigating the 

wrong countries’ markets, meaning markets that are not interlinked, will too lead to faulty 

investments. Therefore, whether or not a relationship between the Swedish, Norwegian 

and Finnish saw log and pulpwood markets exists is greatly needed. 

 

1.2 Purpose  

The purpose of this study is to examine the linkages between the Swedish, Norwegian 

and Finnish roundwood markets. Furthermore, the study aims to provide an analysis of 

the directional causality of the price fluctuations between the co-integrated markets.  

 

1.3 Delimitations 

This study has been delimitated to the investigation of three countries; Sweden, Norway 

and Finland, as they are situated geographically close to one another and thus possess 

similar climates and forest varieties. It is also delimited to saw log and pulpwood markets 

for two types of coniferous trees; pine and spruce. Pine and spruce are the furthermost 

common tree species in the Boreal region of Europe, making them of uttermost 

importance for these Nordic countries (SLU, 2017). However, no information on the 

Swedish pine pulpwood price is available, preventing this market to be investigated. This 

implies that Norway and Finland contribute with four markets each, whereas Sweden 

participates with merely three.  

 

1.4 Method 

This study was conducted by applying a variety of statistical tests on the roundwood 

assortments’ prices. Firstly, the stationarity of the price series was assessed by the 

utilisation of three tests; the augmented Dickey-Fuller test, the Kwaitkowski-Phillips-

Schmidt-Shin test and the Phillips-Perron test. After these tests had been conducted, the 
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Johansen’s test was applied to examine if any linkages between the markets could be 

detected. Finally, any found relationships were further analysed by conducting the 

Granger-causality tests, in order to find the directional causality of the alterations in the 

assortments’ prices.  

 

1.5 Disposition 

This study contains seven chapters, all of which comprise sub-sections. In the next 

chapter, information concerning the selected countries’ forestlands is presented, as well 

as information of roundwood production and the movement of the assortments’ prices. 

Previously conducted studies with research questions relatable to the ones utilised in this 

study are reviewed in Chapter 3. Chapter 4 presents the theoretical framework on which 

this study is built, and provides the readers with information concerning the spatial price 

equilibrium, and the law of one price theory. Chapter 5 presents the selected statistical 

tests that were utilised for this study to be realised, and information regarding the data 

utilised in this study and how it has been altered is described in Chapter 6. Chapter 6 also 

presents the results provided by the statistical tests. The seventh and final chapter 

concludes and discusses the test results. 
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CHAPTER 2  

BACKGROUND 

 

 

 

 

The objective of this section of the study is to provide knowledge concerning forests in 

Sweden, Finland and Norway. It also presents information about roundwood and the 

production of industrial roundwood for each country, as well as the four selected 

assortments’ price movements during the last twelve years. 

 

2.1 Forests in Sweden 

Out of its nearly 41 million hectares of land, Sweden comprises approximately 69 per 

cent of forests. The growth rate of the Swedish forests surpasses the disforestation; thus 

the share of forests increases every year. During the last ninety years, the forests have 

grown with over 200 per cent. However, not all forests are productive. It is estimated that 

around 17 per cent of the Swedish forestlands are utilised for other purposes than the 

forest industry (SLU, 2017).  

 

The average age of the Swedish forests is 41-60 years. Around twelve per cent of the 

forests are over 140 years old, and these trees are predominantly found in the northern 

parts of the country. Because of heavy regulations concerning old forests, they are rarely 

productive (SLU, 2017). Around half of the forest areal is owned by 330,000 individual 

owners. Out of these, approximately 125,400 people, or 38 per cent, are female owners 

and 61 per cent, meaning 201,300 individuals, are male owners. For the people remaining, 

no gender is acknowledged. The other half of the forest areal is owned by private or state 

owned companies, other private or public owners, or the Swedish state itself (Swedish 

Forest Agency, 2014). 

 

As Sweden is situated in the Boreal region of Europe, the country’s two most frequent 

tree species are both coniferous trees; pine and spruce. The two species represent 

approximately forty per cent of the Swedish forests respectively. Deciduous forests exist 

as well, and their shares are increasing steadily (SLU, 2017). Sweden is relying heavily 

on the forest industry, as it provides three per cent of the gross domestic product 
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(Swedbank and LRF konsult, 2017). It is also a big employer; 16,700 individuals out of 

a population of approximately ten million are working in the sector (Swedish Forest 

Agency, 2018a; Nordic co-operation, 2017). 

 

2.2 Forests in Finland 

Even though Sweden is relatively endowed with forestland, Finland is even more so. As 

much as 86 per cent, or 26.2 million hectares, of the Finnish land areal is covered in trees. 

Approximately 77 per cent of the Finnish forests are productive; a slightly lower 

percentage than the Swedish. The growth rate of Finnish forests is also exceeding the 

disforestation rate, increasing the amount of forestland every year (LUKE, 2016). 

 

More than half of the forests, 53 per cent, are owned by 685,000 individual owners. The 

remaining 47 per cent is owned by the state and various companies, as well as communes, 

congregations et cetera (LUKE, 2016). According to the Finnish Forest Association 

(2016-01-08), no typical individual forest owner exists. However, it is concluded that 

they tend to be elderly, and more often than not, males. Only 25 per cent of the individual 

owners are females, although that number is increasing with time. 

 

Like Sweden, Finland is situated in the northern Europe, making coniferous forests most 

common in the country. However, the ratio between spruce and pine is different. 

Approximately half of the forests are spruce, whereas only thirty per cent are pine. The 

twenty per cent remaining consists of deciduous forests, where birch is the furthermost 

frequent species (LUKE, 2016). A greater part of the gross domestic product is derived 

from the forest industry in Finland than in Sweden; the industry contributes with four per 

cent of the country’s income yearly (LUKE, 2017). The workforce too exceeds the 

Swedish; in 2017, approximately twenty thousand people out of around 5,7 million were 

employed in the Finnish forestry (LUKE 2018a; Nordic co-operation, 2017). 

 

2.3 Forests in Norway 

Approximately one fourth of Norway consists of productive forestland, and in total, forty 

per cent of the land is forestland (SSB, 2016). Bearing in mind that the areal of Norway 

smaller its neighbours’ (Nordic co-operation, 2017), the country possesses considerably 

less forestland than Sweden and Finland. Nevertheless, the size of the Norwegian forests 
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has increased since the 1930, since the disforestation is less than the growth rate. In fact, 

the standing cubic mass of trees has almost tripled in the last eighty years. Just like in 

Sweden, the average age of the Norwegian forests is 41-60 years. Only 18 per cent of the 

trees are over 67 years of age (SSB, 2016).  

 

According to Statistics Norway (2016), about 94 per cent of the Norwegian forests are 

owned by individual owners, a greater percentage than that of Sweden and Finland. There 

are 128,100 individual owners, out of which 75 per cent, or 96,075 people, are men. The 

female proportion of one forth is small, but it is steadily growing. In 1979, only 13 per 

cent of the forest owners were female. However, Statistics Norway (2016) also states that 

there are more female owners than illustrated by the statistics. They conclude that almost 

a third are indeed women. The reason for this difference is derived from the fact that in 

married couples, the older individual is asked to participate in their surveys. This person 

is statistically more likely to be a man and thus, fewer females get to contribute and are 

hence underrepresented.  

 

Just like in Finland and Sweden, the Norwegian forests consist of mainly coniferous trees; 

approximately 75 per cent of the trees are coniferous. Spruce is the most frequent tree 

species as 44 per cent of the trees are of this sort. Pine trees are also common, but slightly 

less as they cover 31 per cent of the forest area. The remaining 25 per cent are deciduous 

trees, and their shares are gradually increasing, just like in Sweden (SSB, 2016).  

 

Unlike Sweden and Finland, the income generated from the forest industry is less 

significant; only 0.3 per cent of the country’s gross domestic products comes from 

forestry. Instead, Norway has other sources of income that are of greater importance, such 

as oil. The industry merely employed 6,100 individuals in 2015, out of a population of 

approximately 5.3 million. (SSB, 2016; Nordic co-operation, 2017). 

 

2.4 Roundwood 

The usages of the forests are many. When left standing, they offer recreational values, 

store carbon dioxide and provide biodiversity. The forest provides many goods when 

felled, for example roundwood (Brännlund et al. 2010). Roundwood is a collective term 

for felled or else way collected, unprocessed trees that may be utilised for industrial 

purposes (industrial roundwood) or as fuels. Saw logs and pulpwood are both examples 
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of industrial roundwood (FAO). The usage of saw logs is mainly to produce sawn wood, 

and pulpwood is utilised to manufacture pulp, particleboard, fibreboard and paper (FAO). 

Saw logs are an alternative to pulpwood for the pulp and paper industry to utilise, since 

they may be converted to pulpwood. The opposite is not as common as the transformation 

is much more difficult (Nyrud, 2002). 

 

2.4.1 Industrial roundwood production 

Sweden, Norway and Finland are all producers of industrial roundwood, with Sweden 

producing the greatest magnitude, followed by Finland and Norway (Eurostat, 2018).  

Figure 1 presents the annual production of coniferous saw logs and veneer logs in 

1,000m3 under bark (ub) for all three countries between the years of 2006 and 2016. In 

the figure, it can be seen that Sweden produces the highest amount of these assortments, 

Finland the second largest and Norway the smallest.  

 
Figure 1. Annual coniferous saw log and veneer log production for Sweden, Norway 

and Finland in 1,000m3 ub 

Source: Eurostat (2018). 

 

In 2006, Sweden produced approximately 31.5 million m3 saw logs and veneer logs, rising 

to 39.6 million m3 in 2007. The production decreased to 29.9 million m3 in 2009. 

According to the United Nations Economic Commission for Europe and the Agriculture 

Organization of the United Nations (2010), the global financial crisis of 2008 had an 

immense impact on the forestry sector. As demand for housing and construction fell, the 
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demand for forest products fell as a response. The export of roundwood also diminished, 

since Russia implemented an import tax on roundwood. As a result, a conclusion can be 

drawn; the decreased demand is most likely the reason as to why the production fell. The 

increase in production between 2006 and 2007 can also be seen in Finland and Norway, 

where the production rose from approximately 21 million to 24.6 million m3, and from 

3.7 million to 4.3 million m3 respectively. Finland and Norway appear to have been 

affected by the financial crisis as well, as their productions decreased to 14.5 million and 

3 million respectively in 2009. Since then, their productions have steadily increased over 

the years. The Finnish production was approximately 22.5 million m3 in 2016, whereas 

the Norwegian reached almost 5.5 million m3. The Swedish production declined yet again 

between 2010 and 2013, but has since then increased and reached 38.9 million m3 in 2016. 

All three countries’ production has thus increased since 2006. 

 

Figure 2 symbolises the annual production of coniferous pulpwood in 1,000m3 ub for all 

three countries between the years of 2006 and 2016. Yet again, Sweden produces the 

highest amount. However, the difference between the Swedish and Finnish production of 

coniferous pulpwood is not as large as for the saw log and veneer log production. Norway 

produces significantly less than its neighbour countries. 

 
Figure 2. Annual coniferous pulpwood production for Sweden, Norway and Finland 

in 1,000m3 ub 

Source: Eurostat (2018). 
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The Swedish, Finnish and Norwegian production of coniferous pulpwood in 2006 

amounted to 22.6, 18.6 and 3.5 million m3 respectively. The Swedish production 

augmented to 29.5 million m3 in 2008, before declining to 26 million in 2009. The Finnish 

and Norwegian production rose between 2006 and 2008 as well, although less so. The 

Finnish production reached 19.8 million m3, whereas the Norwegian augmented to 

approximately four million. The production for the three countries later declined during 

the financial crisis of 2008, but it has since then increased. The Swedish production of 

coniferous pulpwood reached almost 31 million m3 in 2016; the greatest magnitude 

measured since 2008. The Finnish production also reached its highest point in 2016; at 

approximately 23 million m3. In Norway, the production peaked in 2015 at 4.5 million 

m3, and was 4.15 million m3 in 2016. 

 

2.4.2 Roundwood assortments’ price movements 

Just like for other goods, roundwood assortments’ prices vary with respect to time 

because of demand and supply. The Swedish and Norwegian prices was transformed to 

euro by utilising interest rates collected from the Swedish and Norwegian central banks 

(The Riksbank, 2018; Norges bank, 2018). More information about the prices are to find 

in Chapter 6.  

 

Figure 3 presents the price movements for pine saw logs from the beginning of 2006 to 

the end of 2017 for all three countries. It can be seen that the Swedish, Norwegian and 

Finnish pine saw prices are initially different, as they are approximately 66, 31, and 46 

€/m3 respectively at the first quarter of 2006. One year later, the Finnish price had risen 

whilst the Swedish price had fallen, crossing paths at roughly 55 €/m3. The Norwegian 

price fell to approximately 27 €/m3 – the lowest price measured for all countries during 

the entire time period. Fluctuations in prices can be seen in the first five years for all three 

countries. For example, after having augmented for about one and a half year, the Finnish 

price fell with approximately 32 per cent between the third quarter of 2007 and third 

quarter of 2009. The Norwegian pine saw logs more than doubled in price between the 

last quarter of 2007 and first quarter of 2008, but later fell with 35 per cent reaching 41,4 

€/m3 in mid-2009. The Swedish price reached its all-time lowest at 40.7 €/m3, also in the 

second quarter of 2009.  
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As stated earlier, the financial crisis in 2008 had an impact on the production of 

roundwood in all three countries. Therefore, the financial crisis is also most likely the 

reason why prices fell around 2008. However, all countries’ pine saw log prices rose from 

mid-2009, stabilising around 2011. The Swedish and Norwegian prices appear to follow 

each other closely in a downward sloping trend, whereas the Finnish prices seem to have 

stabilised at 55-58 €/m3.  

 
Figure 3. Swedish, Norwegian and Finnish pine saw log prices in €/m3  

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 

 

Figure 4 illustrates a data plot for the three countries’ spruce saw log prices between 2006 

and 2017. The initial price for Finland and Norway appear less deviated than they were 

for pine saw logs. However, it can be seen that the Swedish price was different than the 

Finnish and Norwegian in 2006. Whereas the Finnish and Norwegian goods were valued 

at approximately 48 and 51 €/m3 respectively in the first quarter of 2006, the price of 

Swedish spruce saw logs was about 67 €/m3.  

 

Although the price of Swedish spruce saw logs was higher compared to the Norwegian 

and Finnish in the first quarter of 2006, it fell drastically from the second quarter of 2006 

to the second quarter of 2009. After having fallen with about 44 per cent from the initial 

value, the Swedish price reached the lowest value measured for all three countries in 

2009, landing on approximately 38 €/m3. The Finnish and Norwegian prices followed 
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each other closely, both rising until the beginning of 2008 from where they later fell 

because of the financial crisis. The prices for all countries rose from the second half of 

2009; just as they did for pine saw logs. After 2011, the prices appear steadier than before, 

although some fluctuations still exist. The Swedish and Norwegian prices seem less 

deviated than initially, and so does the Swedish and Finnish prices. However, the Finnish 

and Norwegian prices seem to have drifted apart. Although Finland saw logs possessed 

the lowest price initially in 2006, they had the highest price in the end of 2017. 

 
Figure 4. Swedish, Norwegian and Finnish spruce saw log prices in €/m3 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 

 

In Figure 5, the pulpwood prices of pine for Norway and Finland are plotted. Sweden is 

omitted since no information on the Swedish pulpwood price is available. As the figure 

demonstrates, both countries’ prices start of at a similar level around 23-24 €/m3. Both 

countries’ prices rose until mid-2008, although the Norwegian price increased more 

gradually. Both countries’ prices declined because of the financial crisis. In comparison 

to the other previously discussed roundwood assortments where the augmentation after 

the financial crises started mid-2009, the prices for pine pulpwood did not start to rise 

until late 2009. 

 

The Norwegian and Finnish pulpwood prices appear to be co-integrated initially, as they 

move in the same manner and appear to follow each other. The Norwegian price 
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augmented beyond the Finnish price after the financial crisis, whereupon they later fell 

vigorously the pursuing four years. The price of Norwegian pine pulpwood almost got 

reduced by fifty per cent in this time period. The increase in the Finnish price was subtler 

than its counterpart, and likewise the price decline. It seems to have stabilised around 27-

28 €/m3, whereas the Norwegian price was approximately 21 €/m3 in the end of 2017. It 

can thus be seen that the pine pulpwood prices for these two countries have drifted apart 

with time.   

 
Figure 5. Norwegian and Finnish pine pulpwood prices in €/m3 

Sources: The Natural Resources Institute Finland (LUKE, 2018b) and Statistics Norway 

(SSB, 2018). 

 

All three countries’ spruce pulpwood prices are initially similar. This can be seen in 

Figure 6, which presents a data plot of the spruce pulpwood price movements for each 

country between 2006 and 2017. Contrariwise to the other roundwood assortments, the 

Swedish spruce pulpwood price for the beginning of 2006 is not the highest of the three 

countries; it is the smallest. In its place, Finland possessed the highest price.  

 

After a shorter decline throughout one quarter, the Finnish spruce pulpwood price started 

to rise. An augmentation can also be seen in the Norwegian and the Swedish prices from 

the end of 2006 and beginning 2007 respectively. Whereas both the Finnish and Swedish 

prices began to decline after the third quarter of 2008, the Norwegian price had already 

commenced its fall in the quarter prior to this. The Swedish and Norwegian prices started 
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to recover from the financial crisis the third quarter of 2009, although it took yet another 

quarter before the Finnish prices rose.  

 
Figure 6. Swedish, Norwegian and Finnish spruce pulpwood prices in €/m3 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 

 

Just as pine pulpwood, the Norwegian spruce pulpwood price augmented more than the 

Finnish price after the crisis, which later resulted in a decline. From the end of 2014 to 

the beginning 2016, the Norwegian price fell with almost 44 per cent, hitting an all-time 

low during the examined period for all three countries at approximately 22 €/m3. The 

Norwegian price path initially trails the Swedish, as the Swedish price augments one 

quarter prior. They later decline simultaneously, but the Swedish price declined at a 

slower rate than the other two countries. It later stagnates at approximately the same price 

as Finnish pulpwood, at around 28-29 €/m3. The Norwegian spruce pulpwood price has 

yet again drifted from the other countries’ prices. 
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CHAPTER 3  

LITERATURE REVIEW 

 

 

 

 

This section reviews previously conducted studies investigating the relationship and the 

law of one price between markets of non-processed forestry products around the globe. 

The chapter is divided into sub-sections depending on the studies’ geographical markets. 

Since this study focuses on Sweden, Finland and Norway, the selected articles presented 

in this chapter are mostly concentrated to the European market. Conclusions based on the 

literature review are to find in the end of the chapter. 

 

3.1 The Nordic market  

There are numerous studies investigating the law of one price, and thus the linkages, on 

forestry products concerning the Nordic market. Whereas certain studies have examined 

how effectively markets are co-integrated within a country, others have investigated the 

matter on an international level. One study investigating international relationship was 

conducted by Thorsen (1998), who examined the Norway spruce saw log market for 

Sweden, Finland, Norway and Denmark. The research covered forty years; from 1951 to 

1991. The author concluded that the countries’ Norway spruce saw logs are indeed 

noticeably co-integrated on the Nordic market in the long run and thus, the law of one 

price is holding. The study revealed that alterations in the Finnish and Swedish prices led 

to changes in the Norwegian and Danish price in the long run, although the contrary was 

not true. Since the Norwegian and Danish production of Norway spruce saw logs is less 

significant in size than the production in Finland and Sweden, the result of them being 

price followers was not unforeseen. The study also indicated that the Swedish price was 

linked to the Finnish price, but the opposite did not yield in neither the short run nor the 

long run. According to Thorsen (1952), this result was unpredicted and unrealistic 

considering the great importance of the Swedish Norway spruce timber production. The 

author determined that the reason the Swedish price was said to have no impact on the 

Finnish was because the price series from Finland included not only delivery prices but 

also stumpages prices, and the results should thus be accepted with great caution. In the 

short run, fluctuations in the Danish price led to a change in Norwegian price, which in 
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turn altered the Swedish price. Ergo, although not being able to affect the Swedish price 

directly, Denmark had nevertheless an indirect impact on the Swedish Norway spruce 

timber price in the short run. 

 

Just like Thorsen (1998), Nyrud (2002) also investigated the market for Norway spruce. 

However, Nyrud’s analysed pulpwood prices, not saw log prices. The research 

investigated whether domestic, exported and imported pulpwood on the Norwegian 

market were co-integrated, between the years of 1988 to 2000. The author concluded that 

the imported and domestic products were co-integrated, and that alterations in the import 

price affect the domestic price. This implies that imported Norway spruce pulpwood act 

as a price leader in Norway. The co-integration test results for export and domestic 

pulpwood did not implicate any linkages. According to the author, the reason that the 

domestic and exported pulpwood prices were not co-integrated was because before 1992, 

the domestic price was negotiated long-term, whereas the export price was allowed to 

fluctuate with the demand. Greater variations could thus be seen on the export price than 

on the domestic price, and the domestic price was not allowed to follow these variations.  

 

The relationship between three wood fuel assortments in Sweden was investigated by 

Olsson and Hillring (2013). The authors employed data from 1993 to 2010 for refined 

wood fuels, forest chips and industrial by-products. The study investigated two possible 

applications for the selected products; district heating and industrial consuming. The law 

of one price for district heating only held for two of the markets; forest chips and 

industrial by-products, indicating that these products belong to the same market. The fact 

that the refined wood fuel market was not integrated with any of the other two markets 

did not come as a surprise to the authors, since the product’s features differ from the 

others’. As forest chips and industrial by-products have similar attributes and their prices 

depend heavily on the events in the forestry industry, the fact that these two markets 

proved to be co-integrated for district heating purposes was not unexpected. However, 

forest chips and industrial by-products for industrial consumption proved not to be 

interlinked, a result that was unforeseen. However, the authors note that this result should 

be taken lightly, as three price observations were missing for the forest chips. The study 

also investigated the relationships for the assortments when paid by the district heating 

plans and the industrial consumers. They concluded that only industrial by-products paid 
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by the district heating plants and industrial consumers belong to the same market, no other 

product was co-integrated. 

 

Another Swedish market that has been examined is the saw log market. The study was 

conducted by Jaunky and Lundmark (2015), and concerned two assortments; Scots pine, 

and Norway spruce. The objective of the study was to investigate the integration of the 

Northern, Central, and Southern region of Sweden. The research contained 13 years of 

observations; from 1999 to 2012. When performing the selected statistical tests, results 

indicated that the markets were indeed co-integrated and thus, can be seen as one whole 

market. The central region of Sweden was concluded to be the price leader, whereas 

Northern and Southern Sweden were price followers. Ergo, the price of saw logs from 

the North and South of Sweden is dependent on the one from Central Sweden, but the 

Central Sweden’s saw log price is exogenous of the other regions’ prices. As the central 

region of Sweden possess the greatest production of saw logs compared to the North and 

South, this result was expected as it corresponds to economic theory. 

 

The linkages between the domestic market and the importation of coniferous saw  

logs, pulpwood, and wood in Finland were examined by Kuuluvainen et al. (2018). They 

utilised historical monthly stumpage prices from 2002 to 2014 in order to conduct their 

study. Their statistical tests indicated that the domestic price of wood have an influence 

on the price of imported wood; this held true for both spruce and pine. However, the price 

for the imported wood did not affect the domestic price. Domestic and imported saw logs 

also proved to be co-integrated, and the domestic goods were said to be price leader. 

Nevertheless, the authors do state that some issues concerning the test results of the saw 

log market existed, and thus, since the results are ambiguous they are to be taken lightly. 

The pulpwood market also indicated to be interlinked, and yet again the domestic market 

proved to be the price leader.  

 

3.2 The European market 

The assessment concerning the interlinkages amongst forestry product markets is 

extensive on the European continent. Hänninen et al. (2007) investigated the export from 

two old European Union members’ (Finland and Austria) saw logs and sawn wood 

markets to Germany, with the exportation of two new European Union members (Estonia 

and the Czech Republic). They utilised quarterly export prices from each country between 
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the years of 1995 to 2003, ergo, the study comprises 18 years of observations. They 

determined that a strong relationship between Finland and Germany could be detected, 

and that the prices from both the old and the new members of the European Union acted 

similarly on the market. 

 

In a study conducted by Toivonen et al. (2002), the Finnish and Swedish spruce and pine 

saw log and pulpwood markets were analysed for possible co-integration, together with 

the Austrian markets. Observations ranging from 1980 to 1997 were employed in the 

study, meaning only 17 observations as only annual data was available from Sweden. The 

researchers concluded that the Finnish and Swedish roundwood assortments are 

integrated, and that Finland is the price leader; thus making Sweden a price follower. 

However, nothing could be said about the relationships between Austria and the Nordic 

countries as the tests applied provided indefinite results.  

 

Like the aforementioned study, Toppinen et al. (2005) also investigated Finnish spruce 

and pine saw logs and pulpwood, together with the equivalent assortments in birch. 

However, this time, the study included Estonia and Lithuania as well as Finland and 

consisted of monthly data from 1996 to 2004. The test results indicated that Finnish and 

Lithuanian spruce saw logs were co-integrated, and the same yielded for Estonian and 

Lithuanian spruce saw logs. No other linkages between the countries’ assortments could 

be found. According to the authors, out of the selected assortments, the spruce saw logs 

production is of the greatest magnitude for all three countries, making the co-integration 

results trustworthy. They also conclude that the reason the Finnish and Estonian spruce 

saw logs markets show no indication of relationship is a result of the rapid increase of the 

Estonian price, whereas the Finnish price was rather stable. The Lithuanian price too 

augmented during the period investigated, but not as fast, and thus, both the Estonian and 

Lithuanian and the Finnish and Lithuanian are co-integrated, but not the Finnish and 

Estonian. 

 

The interlinkages between Finnish and Russian spruce, pine and birch saw logs and 

pulpwood were inspected by Mutanen and Toppinen (2007), where quarterly data from 

the third quarter of 1998 to the third quarter of 2005 were utilised. The objective was to 

determine if the Finnish domestic markets were related to the Russian export markets. 

Because of issues with the prices being stationary, the pine pulpwood and saw log 
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markets, as well as the spruce pulpwood market, could not be investigated. Thus, only 

birch saw logs and pulpwood and spruce saw logs could be tested for integration. The 

results indicated that only the markets of spruce saw logs were integrated; all other 

markets were independent of one each other. The research also established that the 

Finnish domestic price acted as a price leader for the Finnish export price.  

 

The integration of export, import and domestic roundwood production in Greece was 

investigated by Zafeiriou et al. (2012). They collected annual prices and produced 

volumes from 1974 to 2008, on which they conducted their tests. Since the test results 

indicated that all assortments were co-integrated, the authors concluded that the law of 

one price held. They also determined that the domestic production did not affect the 

export of roundwood, instead the demand from the importing country sets the price. 

However, imported, exported and domestic volume of roundwood were established to 

have an effect on the producer price in Greece.  

 

3.3 Other geographical markets 

The Alaskan markets for western hemlock and Sitka spruce lumber and logs have been 

investigated by Stevens and Brooks (2003). The objective of the study was to determine 

whether the Alaskan markets were co-integrated with those of the United States, 

specifically the Pacific Northwest, and Canada, when exported to the Japanese market. 

In order to do so, quarterly prices from 1990 to 1997 and 1989 to 1997 were collected for 

lumber and logs respectively. The results indicated that the countries’ western hemlocks 

and Sitka spruce prices were in fact linked to each other on the Japanese market. This 

could not be said for the lumber prices, although they were concluded to be somewhat 

integrated nonetheless. 

 

Parajuli et al. (2016) investigated three roundwood assortment markets; saw logs, 

pulpwood and chip-and-saw, in the South-Central region of the United States. Four states 

were investigated; Texas, Arkansas, Louisiana and Mississippi. They utilised quarterly 

stumpage prices instead of delivery prices, from 1981 to 2014, meaning 134 observations. 

Their test results indicated that the saw log markets in Texas and Arkansas were greatly 

affected by changes in pulpwood and chip-and-saw prices. The pulpwood markets 

showed not to affect the saw log market in neither Mississippi nor Louisiana, and the 
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Louisianan saw log market was even independent of fluctuations in the chip-and-saw 

price.   

 

Two studies on co-integration on forestry products on the regional markets of New 

Zealand have been conducted by Niquidet and Manley (2011; 2008). In their older study, 

the researchers investigated whether or not four regions’ radiate pine saw log markets 

were integrated with each other, along with the export of the assortment. In order to 

conduct their study, they utilised monthly prices from January 1995 to December 2006, 

meaning 132 price observations. The tests implied that the regional markets were in fact 

segregated, meaning that no relationship between the regions could be seen for the chosen 

assortment. In their study from 2011, the authors employed monthly data from January 

1995 to April 2010, ergo 172 observations, for the same roundwood assortment as 

previously. Unlike the aforementioned study, they chose to utilise statistical tests 

including non-linearities in order to investigate whether or not any difference in the 

results could be found when these were taken into consideration. The results provided by 

the tests indicated that some integration between the regions might exist, but the results 

were ambiguous. The conclusions reached in the study from 2008 is thus said to hold. 

 

Olmos and Siry (2015) conducted a study investigating whether or not one single global 

market existed for pulpwood. In order to do so, they collected historical prices for both 

coniferous pulpwood and non-coniferous pulpwood for a number of countries between 

the years if 1988 to 2012. The authors concluded that no global market exist for 

pulpwood. However, the results did indicate that some countries closely related 

geographically did share the same market in the long run. This was true for Germany, 

Norway, Finland and Sweden. 

 

3.4 Conclusions based on the literature review  

There is extensive information existing on linkages between markets of a variety of 

roundwood assortments, as many studies have investigated the matter. By examining 

previously conducted studies, it can be concluded that there is no general outcome; certain 

markets have proven to be integrated whereas others act completely independently of 

each other. Thus, no general conclusion about a market can be drawn without examining 

it. This provides an incentive to examine the Swedish, Norwegian and Finnish roundwood 

markets. 
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Many studies have been conducted on the Nordic market. However, most of the research 

seems to investigate regional markets within one of the countries, not the international 

relationships between the Nordic markets as this study aims to examine. Nonetheless, 

there are a few studies investigating the international relationships between Nordic 

countries. For example, Thorsen (1998) found that there were linkages between Swedish, 

Finnish, Norwegian and Danish Norway spruce saw logs; an assortment that is 

investigated for the same countries, excluding Denmark, in this study as well. He 

concluded that Finland was a price leader for all countries, and that the Norwegian price 

depended on the Swedish. However, since his research investigates the prices from 1981 

to 1990, an update is necessary since much has happened since then. Another example is 

the study conducted by Toivonen et al. (2002). They investigated the same roundwood 

assortments as this study; pine and spruce saw logs and pulpwood. Both Sweden and 

Finland were examined, as well as Austria. They concluded that the Swedish and Finnish 

spruce and pine saw log markets and spruce pulpwood markets were integrated, and 

Finland acted as a price leader. However, because of lack of data, no co-integration test 

could be applied. Instead, only simple regression analyses were utilised. As the number 

of prices available has increased, co-integration tests may be applied. By doing so, a more 

reliable result can hopefully be provided. Furthermore, by complementing the study with 

Norwegian prices, a greater analysis may be accomplished on the Nordic market.  
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CHAPTER 4 

THEORETICAL FRAMEWORK 

 

 

 

 

The purpose of this chapter is to present the theoretical framework on which this 

dissertation is built, to facilitate the readers’ comprehension of the study. Two important 

theories will be discussed in this chapter; the spatial price equilibrium and the law of one 

price.  

 

4.1 Spatial price equilibrium 

The theory about pricing on geographically separated markets, such as Sweden, Norway 

and Finland, is called Spatial price equilibrium. The topic is discussed in an article written 

by Samuelson (1952), where the author states that if the price of one commodity in one 

region, transportation costs included, is less than the price in another, trade will occur if 

allowed. The region with the lower price will export the good, whereas the region with 

the higher price will be the importer. This will create a new market equilibrium price, 

which will exceed the original price in region one, but less than the original price in region 

two; maximising the net social pay-offs. Figure 7 shows three markets: the market for 

region 1, the market for region 2 illustrated backwards, and the world market which is 

denoted 𝐸𝑆. The original price for region 1 before trade is 𝐴$. This price includes the 

transportation costs since the x-axis is risen by 𝑇$&, which symbolises the cost of 

transporting the commodity from region one to region two. At the same time, the price in 

region 2 is 𝐴&. If trade is allowed, region 1 will export goods equal to 𝐸$& to region 2. 

The export and import will create the equilibrium price at point 𝐵.  

 

Although a world market price exists when trade is allowed, the domestic price in each 

region will differ. This is because the cost of transportation between the regions must be 

compensated for. Thus, the price in region 2 will exceed that of region 1 with exactly the 

cost of transportation from region 1 to 2. This implies that depending on the price of the 

roundwood assortments relative the price of the same assortments in other regions, 

including the transportation costs, the Nordic countries Sweden, Norway and Finland will 
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either be net importers, net exporters, or they will neither import nor export roundwood 

from each other. An importer can never be an exporter, and vice versa (Samuelson, 1952).  

 

 
Figure 7. The equilibrium flow of exports 

Source: Samuelson (1952). 

 

The example above is also valid on a market with n regions. As the transportation cost 

depends on distance, the region providing the different roundwood assortments at the 

lowest price will not automatically export to all other regions where the price is higher. 

Transporting goods from a remote location may increase the costs enough to make the 

domestic roundwood assortments more profitable to purchase. It may also be more cost-

efficient to import the commodities from a region where the price exceeds the lowest 

price, but is closer geographically. This implies that if the Norwegian price for 

roundwood, including cost of transportation, is less than the price of Swedish roundwood, 

which in turn is lower than the Finnish price, Norway would export to Sweden. However, 

since Finland is further away from Norway than Sweden is, the transportation cost may 

augment the Norwegian price so it exceeds the domestic Finnish price, and thus, Finland 

will not import from Norway. If the Norwegian price on roundwood were to fall enough, 

their assortments might be more profitable for Finland to purchase than the domestic 

commodities. If the cost of transportation alters, the ratio of export and import may alter 

as well (Samuelson, 1952). 
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4.2 Law of one price 

The Law of one price (LOP) is derived from the theory of perfectly competitive markets. 

Because of the characteristics of this category of markets, firms cannot decide the price 

their good should be sold at; they are price-takers rather than price-setters. Thus, a unitary 

market price will be formed for all vendors – irrespectively of their location. This is 

precisely the statement of the LOP; homogenous goods on a perfectly competitive market 

should all be sold at identical prices when expressed in one single currency. If the 

homogenous goods were to be vended for different prices, they would be purchased from 

the market where prices are low, and sold on markets where prices are high. The 

possibility of arbitrage ensures one single market price in the long since it will eliminate 

any price dissimilarities. Arbitrage would thus not be profitable other than in short periods 

of time (Wetzstein, 2013; Mutanen and Toppinen, 2007). 

 

The LOP can be divided into two subcategories; the strong and the weak form. The strong 

form assumes that no transaction costs are carried over to the purchaser, thus implying 

the same price is to yield no matter the distance between the merchant and customer. The 

weak LOP takes transaction costs into consideration and some differences between 

market prices may be accepted. The LOP can be formulated as  

 

𝑃*+ = 𝛼 + 𝛽𝑃0+ + 𝑢*0+ 

 

where 𝑃*+ and 𝑃0+ correspond to prices in two different regions, i and j, at time period t, 𝛼 

stands for a constant referring to the transaction costs, 𝛽 is a parameter related to the 

price, and 𝑢*0+ is an error term satisfying the i.i.d criteria, meaning identically and 

independently distributed. For the strong LOP to hold, 𝛼 must be equal to zero since no 

transaction costs are allowed, and 𝛽 must equal one since prices are to be the same. For 

the weak LOP, 𝛼	and 𝛽 may differ from zero and one respectively, although not 

significantly (Jung and Doroodian, 1994; Buongiorno and Uusivuori, 1992). This implies 

that if the LOP is to hold between the Swedish, Norwegian and Finnish roundwood 

markets, the market prices are to be equal between these countries. If, for example, the 

Finnish price exceeds the Swedish, arbitragers will remove the price dissimilarity in a 

short period of time as they buy roundwood inexpensively in Sweden and sells it 

expensively in Finland.  
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CHAPTER 5  

METHODOLOGY  

 

 

 

 

In order to examine the hypothesis of the LOP on the roundwood markets of Sweden, 

Norway and Finland, a series of statistical tests will be applied on the assortments’ prices. 

This chapter will present the selected tests on which this study is built. 

 

5.1 Co-integration test 

The furthermost common approach to evaluate whether or not a price relationship exists 

between spatially separated markets is by conducting co-integration tests. A co-

integration test investigates if the pricing of at least one of the variables tested, for 

example Swedish pine logs, is dependent on another, say Norwegian pine logs. If one of 

the variables is endogenous, the prices are interlinked. If all variables prove to be 

exogenous, no co-integration exists and thus, there is no relationship between the two 

countries’ prices (Jaunky and Lundmark, 2015).  

 

There are a number of different co-integration tests. Buongiorno and Uusivuori (1992), 

Bingham et al. (2003) and Wårell (2006) all chose to utilise the Engle-Granger test in 

their studies, which investigates the long-run relationships between markets. Although a 

common co-integration test when the LOP firstly was examined, the Engle-Granger test 

is no longer the norm since it is not suitable for studies examining more than two time-

series at the same time as it does not consider simultaneously determined prices. This 

may lead to simultaneous biases (Mutanen and Toppinen, 2007; Nanang, 2000; Jung and 

Doroodian, 1994). Since this study aims to examine whether Swedish, Norwegian and 

Finnish prices are interlinked, the co-integration test chosen must be able to provide 

unbiased results when examining more than two-time series as this research consists of 

three. As a result, the Engle-Granger test is not suitable is this specific case. However, 

the issue of simultaneous biases arising from multiple time-series is not present in the 

Johansen’s test, and shall thus be applied in this study (Mutanen and Toppinen, 2007; 

Nanang, 2000; Jung and Doroodian, 1994).  
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5.1.1 The Johansen’s test  

Johansen’s multivariate test is greatly utilised when examining market integration 

between forest product markets (e.g., Olmos and Siry, 2015; Olsson and Hillring, 2012; 

Zafeiriou et al., 2012; Tang and Laaksonen-Craig, 2007; Mutanen and Toppinen, 2007; 

Shahi, 2006; Hänninen et al., 2006; Toppinen et al., 2005; Stevens and Brooks, 2003; 

Størdal and Nyrud, 2003; Nyrud, 2002; Nanang, 2000; Hänninen, 1998; Thorsen, 1998; 

Jung and Doroodian, 1994). The test is based on a vector autoregressive (VAR) 

framework, with a lag length of k observations and p endogenous, non-stationary time 

series variables. The model can be written as:  

 

𝑥+ = 𝐴$𝑥+4$ + ⋯+ 𝐴6𝑥+46 + 𝜇 + ∅𝐷+ + 𝜀+, 

 

where 𝑥+ represent a (𝑝×1) vector of the assortment price, 𝑡 is the time period, 𝐴* 

symbolise (𝑝×𝑝) matrices of parameters, 𝜇 is a (𝑝×1) vector of constants, 𝐷+ represents 

a vector of deterministic terms of fixed, non-stochastic variables, and finally, 𝜀+ is an error 

term satisfying the i.i.d 𝑁	(0, Ω) assumption, or in other words, consists of independent, 

identical normally distributed errors (Mutanen and Toppinen, 2007; Hänninen et al., 

2005; Johansen, 1995).  

 

There are two test statistics for the Johansen’s test; the maximum eigenvalue test and the 

trace test. The two tests statistics possess the same null hypothesis, namely that there are 

no co-integrated vectors (𝑟 = 0) in the data. This implies that there is no relationship 

between the variables tested. However, they have different alternative hypotheses. The 

maximum eigenvalue test states that the number of co-integration vectors is 𝑟 + 1, 

whereas the trace test alternative hypothesis is that the number of co-integration vectors 

are 𝑟 (Pesaran and Pesaran, 2009; Maddala and Kim, 1998). 

 

5.2 Unit root and stationarity tests 

In order to be able to perform the Johansen’s test to investigate co-integration between 

the countries’ markets, the assortment prices must be non-stationary in levels and 

stationary in first difference, thus possess I(1) properties (Mutanen and Toppinen, 2007). 

Non-stationary prices contain a unit root, meaning that a short-term economic shock will 

lead to permanent effects on the price equilibrium level. Hence, a new long-term trend 
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will be reached. This is not true for stationary prices. Non-stationary prices will thus 

fluctuate with time, whereas stationary prices will eventually return to the initial level 

(Jaunky and Lundmark, 2015).  

 

By performing unit root and/or stationarity tests, whether or not the time-series possess 

I(1) properties can be evaluated. The unit root and stationarity tests have different null 

hypotheses. The null hypothesis for a unit root test states that a unit root is existent and 

the data is therefore non-stationary. The null hypothesis for a stationarity test is the 

opposite; that the data is stationary (Maddala and Kim, 1998). One greatly utilised unit 

root test is the augmented Dickey-Fuller test, hereafter the ADF test. According to Shahi 

et al. (2006), it is even the furthermost applied test to investigate non-stationarity. 

Although some studies solely apply the ADF test to investigate the stationarity, for 

instance Hänninen (1998), Nyrud (2002), Steven and Brooks (2003), Brown and Yücel 

(2008) and Olsson and Hillring (2013), it is often complemented with other statistical 

tests since it does suffer from shortcomings. The ADF test has an issue of under-rejecting 

the null hypothesis of non-stationarity when the data is in fact stationary, when the time-

series tested contains few observations (Toppinen et al., 2005). As the ADF test is widely 

accepted and utilised, this study too will employ it. However, because of the shortcoming 

mentioned, it will be complemented with other tests.  

 

Toppinen et al. (2005), Mutanen and Toppinen (2007), Hänninen et al. (2007) and 

Zafeiriou et al. (2012) complemented the ADF test with the Kwaitkowski, Phillips, 

Schmidt and Shin test, henceforth the KPSS test. Unlike the ADF test, this test is a 

stationarity test. The KPSS test suffers from the same shortcoming as the ADF test; it 

may under-reject the null hypothesis if the quantity of observations is low. However, 

since these tests possess opposite null hypotheses, these weaknesses will counteract each 

other, thus making the KPSS test a suitable complement to the ADF test (Toppinen et al., 

2005).  

 

Neither the ADF test nor the KPSS test take the possibility of breaks in the data, meaning 

that the prices take great leaps from the trend for various reasons, into consideration. If 

not accounted for, the breaks may reduce the tests’ explanatory power. The Phillips-

Perron (PP) test, do consider breaks. As mentioned in Chapter 2, the data plots of the 

assortments prices indicate that breaks do exist because of the financial crisis. Thus, by 
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complementing the ADF and KPSS test with the PP test, these concerns could be 

resolved. Just like the ADF test, the PP test investigates if the prices contain a unit root. 

Furthermore, the PP test also suffer from the same weakness as the ADF test, namely that 

it under-rejects the null hypothesis if there are not enough observations. Thus, it too needs 

strong evidence of stationarity to reject the null hypothesis (Jaunky and Lundmark, 2015). 

However, as stated previously, the KPSS test will counteract this issue, lessening the issue 

of this disadvantage.  

 

5.2.1 Augmented Dickey-Fuller  

Pesaran and Pesaran (2009) states that the equation for the ADF test depends on whether 

or not a constant and/or a trend are present in the data. If neither a constant nor a trend 

exists, the test can be presented as:  

 

∆𝑥+ = 𝛾𝑥+4$ + 𝜙*∆𝑥+4* + 𝑢+

I

*J$

 

 

where 𝑥+ represents the assortment price at time t, 𝛾 is a constant indicating whether or 

not the data is stationary, 𝜙 is a constant, 𝑢+ is the error term and 𝑝 signifies the lag length. 

When adding a constant, 𝑎L, the equation becomes: 

 

∆𝑥+ = 𝑎L + 𝛾𝑥+4$ + 𝜙*∆𝑥+4* + 𝑢+.
I

*J$

 

 

Finally, when both a constant and a trend is existent in the data, the equation is broadened 

by a time trend, 𝑎$𝑇$, thus becoming  

 

∆𝑥+ = 𝑎L + 𝑎$𝑇$ + 𝛾𝑥+4$ + 𝜙*∆𝑥+4* + 𝑢+

I

*J$

. 

 

Greene (2012) states that the null hypothesis for the test states that the prices contain a 

unit root, meaning that they are non-stationary. If rejected, the alternative hypothesis is 

said to be true and the data is thus stationary since it does not contain a unit root. The 

hypotheses can thus be written: 
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𝐻L: 𝛾 = 0, 

𝐻O: 𝛾 < 0	 

 

and are tested by conducting the Dickey-Fuller t-test: 

 

𝐷𝐹R =
𝛾 − 1

𝐸𝑠𝑡. 𝑆𝑡𝑑. 𝐸𝑟𝑟𝑜𝑟 𝛾 	. 

 

5.2.2 The Kwaitkowski, Phillips, Schmidt and Shin test 

According Greene (2012), the KPSS test is formulated as:  

 

𝑥+ = 𝑎L + 𝑎$𝑇$ + 𝛾𝑍+ + 𝑢+ 

 

where 𝑥+ is the price at time period t, and 𝑎L and 𝑍+ are stationary series. 𝑍+ is also said 

to satisfy the i.i.d criterion. As stated before, the null hypothesis for a stationarity test is 

that the prices are stationary. If rejected they are trend-stationary. The hypotheses are 

summarised as:   

 

𝐻L:	𝛾 = 0,	

𝐻O: 𝛾 ≠ 0. 

 

The null hypothesis is tested by the KPSS statistics, summarised as: 

 

𝐾𝑃𝑆𝑆 =
𝐸+&Z

+J$

𝑇&𝜎& . 

 

5.2.3 The Phillips-Perron test 

In an article by Phillips and Perron (1988), the authors states that the PP test can be 

denoted as:  

 

𝑥+ = 𝑎 + 𝛾𝑥+4$ + 𝑢+ 
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where, again, 𝑥+ represents the price at time period t, and 𝑢+ is an error term. Unlike the 

ADF test, there is no need for the error term to possess i.i.d properties when performing 

the PP test (Gujarati, 2004). Since the PP test is a unit root test, the null hypothesis is: 

  

𝐻L: 𝛾 = 0, 

𝐻O: 𝛾 < 0. 

 

The critical values in order to reject the null hypothesis are the same as for the ADF test 

and the statistics will thus not be repeated (Pesaran and Pesaran, 2009). 

 

5.3 Directional causality test 

As stated in the beginning of this chapter, a co-integration test investigates if the pricing 

for at least one assortment is dependent on the pricing of another. Thus, to reject the null 

hypothesis of no relationship, only one of the variables must be endogenous. However, 

the co-integration test does not provide any information on which of the assortments that 

are dependent. By investigating the directional causality of the co-integration, this can be 

determined. The directional causality thus confirms if all variables are endogenous to 

each other, or it may distinguish a price leader from a price follower (Jaunky and 

Lundmark, 2015).  

 

The Granger-causality test assesses the directional causality of co-integrated markets. The 

assumption of the Granger causality test is that if lagged prices from region X have a 

significant impact on the pricing in region Y, X Granger-causes Y. However, if previous 

prices from region X were not to have significant effects on region Y’s prices, X does not 

Granger-cause Y. This implies that if estimations of prices for region Y are improved by 

not only examining previous price levels of that region but also another region, X, then X 

Granger-causes Y. Nevertheless, it is important to note that in those cases where X has no 

influence on Y, but does affect the pricing of region Z, which in turn affect Y, X is said to 

Granger-cause Y as well as Z (Parajuli et al., 2016; Toivonen et al., 2002; Thorsen, 1998). 

 

5.3.1 Granger-causality test  

The equation for the Granger-causality test is presented as: 
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𝑌+ = 𝑎 + 𝑏0𝑌+40

^

0J$

+ 𝑐0𝑋+40

^

0J$

+ 𝑢+. 

 

In the equation, 𝑋+ and 𝑌+	signify the prices of region X and Y respectively, at time period 

t. 𝑏0 and 𝑐0 represents constants, and 𝑢+ is a white-noise disturbance term. The hypotheses 

for the test is: 

 

𝐻L:	𝑐0 = 0, 

𝐻O:	𝑐0 ≠ 0 

 

thus implying that if the null hypothesis is not rejected, the assortment’s price in region 

X does not have any impact on the pricing in region Y. There are different techniques in 

order to examine whether the null hypothesis should be rejected or not. In this study, F-

tests are utilised since it performs better than the alternatives in time-series consisting of 

few observations (Parajuli et al., 2016; Toivonen et al., 2002; Toppinen, 1997). 

 

5.4 Lag length 

For all tests aforementioned, an appropriate lag length must be determined. Studies such 

as Bingham et al. (2003), Steven and Brooks (2003) and Buongiorno and Uusivuori 

(1992) chose the lag length that minimises the Akaike information criterion (AIC), 

whereas other studies decided to minimise the Schwarz Bayesian information criterion 

(SBIC) (see Jaunky and Lundmark, 2015; Mutanen and Toppinen, 2007; Hänninen et al., 

2005). Olmos and Siry (2015) utilised both criterions, equally did Wårell (2002) and Jung 

and Doroodian (1994). One third criterion, called the Hannan and Quinn information 

criterion (HQIC), can be found in Kuuluvainen et al. (2018). According to Pesaran and 

Pesaran (2009), none of the criterions mentioned are superior the others.  

 

5.4.1 Akaike information criterion 

According to Pesaran and Pesaran (2009), there are two different equations representing 

the AIC. The first equation is defined by:  

 

𝐴𝐼𝐶ℓ = ℓd 𝜃 − 𝑝 
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where ℓd denotes the maximised value of a log-likelihood function, 𝜃 symbolises the 

number of freely estimated parameters and 𝑝 is the dimension. In order to find the 

appropriate lag length, this criterion is to be maximised. The second version of the AIC 

can be written as: 

 

𝐴𝐼𝐶f = 𝑙𝑜𝑔 𝜎& +
2𝑝
𝑛  

 

where	𝜎 signifies the standard error from the regression and thus, 𝜎& represent the 

variance of error terms from the maximum likelihood estimator. If this version of the 

criterion is utilised, the lag appropriate lag length should minimise the 𝐴𝐼𝐶f (Pesaran and 

Pesaran, 2009). 

 

5.4.2 Schwarz Bayesian information criterion 

Like the AIC, there are two forms of the SBIC. It can either be based on the maximised 

value of a log-likelihood function or on the estimated standard errors. Thus, it can be 

written as:  

 

𝑆𝐵𝐼𝐶ℓ = ℓd 𝜃 −
1
2𝑝 ∗ log 𝑛  

or as: 

 

𝑆𝐵𝐼𝐶f = log 𝜎& +
log 𝑛
𝑛 ∗ 𝑝 

 

where the variables are the same as in the AIC. If the first equation is utilised, the lag 

length maximising the criterion is preferred, whereas the minimised value provides the 

optimal lag length if the second version is employed (Pesaran and Pesaran, 2009).  

 

5.4.3 Hannan and Quinn information criterion  

Pesaran and Pesaran (2009) states the HQIC also may be written in two different 

equations. The first is primarily utilised for VAR models and may written as:  

 

𝐻𝑄𝐼𝐶ℓ = ℓd 𝜃 −
log log 𝑛

𝑛 ∗ 𝑝, 
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and the second variation is denoted by:  

 

𝐻𝑄𝐼𝐶f = log 𝜎 +
2 loglog 𝑛

𝑛 ∗ 𝑝. 

 

Just like for the AIC and SBIC, the first is to be maximised and the second minimised in 

order for the criterion to provide optimal lag lengths (Pesaran and Pesaran, 2009).  
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CHAPTER 6 

EMPIRICAL DATA AND RESULTS 

 

 

 

 

In this chapter, the empirical data on which this study is conducted, as well as the results 

of the statistical tests, are presented.  

 

6.1 Empirical data  

In order for this study to be realised, historical data on the different roundwood 

assortments’ prices have been collected from the Swedish Forest Agency (2018b), the 

Natural Resources Institute Finland (LUKE, 2018b) and Statistics Norway (SSB, 2018). 

The time series data consists of quarterly, nominal prices for each assortment. Many 

previously conducted studies have deflated the nominal prices with various indexes to 

obtain real prices (see Kuuluvainen et al., 2017; Parajuli et al., 2016; Tang and 

Laaksonen-Craig, 2007; Mutanen and Toppinen, 2005; Toivonen et al., 2001; Hänninen, 

1998; Toppinen, 1997). Although maybe not as common as the usage of real prices, some 

researchers have chosen to conduct their studies on nominal prices (see Mutanen and 

Toppinen, 2007; Toppinen et al., 2005; Stevens and Brooks, 2003; Hänninen et al., 2007). 

According to Bingham et al. (2003), researchers have found that by deflating prices, 

misleading indications of relationships between variables may be discovered. This was 

the underlying reason this study was built upon nominal prices.  

 

Toivonen et al. (2002) states that the more frequent data utilised when investigating 

relationships between markets, the better the analysis accomplished. Although both 

Norway and Finland present monthly data of prices, Sweden only provides quarterly and 

annual data. As a result, the usage of monthly prices was not an option in this instance, 

though it would have been preferable to the one used. Neither Norway nor Finland 

provide information about quarterly prices, thus, their monthly prices were transformed 

quarterly.  

 

The data covers 12 years; from the first quarter of 2006, to the last quarter of 2017, ergo 

48 observations for each country’s assortment. As stated in Chapter 5, small data sets 
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may be problematic when it comes to preforming the chosen unit root and stationarity 

tests, and having only 48 observations could thus generate inconclusive results. As a 

longer time span thus generates more conclusive results, it is preferable, and would have 

been utilised if possible. However, Norway does provide neither monthly nor quarterly 

data for the years prior to 2006; only annual prices exist. Thus, the longest time span 

available is already utilised. 

 

As mentioned earlier, this study investigates four markets; saw logs and pulpwood for 

both pine and spruce. However, no information on pine pulpwood prices alone is 

available from Sweden. Instead, Sweden presents historical prices from a mixture of 

conifer pulpwood, where pine is one of many assortments. Since this data contains not 

only prices of pine, it is not representative and thus, cannot be employed. Consequently, 

Sweden will participate with merely three markets in this study; spruce and pine saw logs, 

and spruce pulpwood. Norway and Finland will nevertheless contribute with four markets 

each. This implies that this study consists of eleven time-series.  

 

To enable comparisons between the countries, all prices were converted to euros per cubic 

meter (€/m3) before any statistical tests were applied. Historical monthly exchange rates 

were collected from the Swedish and Norwegian central banks (The Riksbank, 2018; 

Norges bank, 2018). Since Finland is a member of the Economic and Monetary Union, 

their currency and, by extension, all Finnish roundwood prices are already presented in 

euros. The Norwegian prices were converted to euros before being recalculated to 

quarterly price data. This was done in order to minimise any error that may arise from 

transforming the monthly exchange rates to quarterly exchange rates. As the Swedish 

prices are presented quarterly, this procedure was not possible to implement on the 

Swedish data and thus, monthly exchange rates were transformed quarterly before the 

prices were converted to euros. In addition to transforming the prices to euros, the price-

series have also been logarithmically transformed. Bingham et al. (2003) and Thorsen 

(1998) states that converting prices accordingly, the complications of heteroscedasticity, 

meaning that the risk of having different variances of the disturbance term, is diminished. 

This was done after all prices were transformed to euros. 

 

No issues were found in the data concerning Sweden and Finland. However, the data 

collected from Statistics Norway is not without flaws. The pine saw log prices of February 
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and March 2012 are missing entirely, meaning that the value of the first quarter of 2012 

is incomplete. Other studies such as Buongiorno and Uusivuori (1992), Jaunky and 

Lundmark (2015) have had this setback as well. In order to resolve the issue and obtain a 

representative value for the missing quarter, they have taken the average price of the 

previous and preceding quarter. Therefore, this is replicated in this study as well. Thus, 

the average value of the fourth quarter of 2011 and second quarter of 2012, along with 

the existing observation of January 2012, all make up the first quarter of 2012. Certain 

other Norwegian prices are ambiguous as well, as they are only preliminary, not definite. 

This is the case for the prices of all four roundwood assortments between April and 

December 2014, implying that the second, third and fourth quarters of 2014 may be 

somewhat unreliable. However, this is not deemed an issue, since it concerns only three 

observations out of 48. Nevertheless, it is a noteworthy shortcoming in the data.  

 

6.2 Unit root and stationarity test results 

As stated in Chapter 5, when performing the ADF test, three possible assumptions about 

the data exist. The first assumption states that the price series contain neither a constant 

nor a trend. The second assumption is that the data does include a constant but not a trend, 

and lastly; that the data contains both a constant and a trend. When conducting the KPSS 

test in the selected econometrics software, Microfit 5.0, only the two latter assumptions 

exist, but all three are available in the ADF and PP test. Since the ADF, PP, and KPSS 

test are to complement each other, the same assumption is to yield for all three tests. 

Therefore, the assumption that neither a constant nor a trend exist in the price-series has 

been eliminated and will thus not be presented in this study.  

 

In order to conduct the unit root tests and stationarity test, an appropriate lag length must 

be selected. According to Brandt and Williams (2007), most studies utilising quarterly 

data choose to set a maximum lag length of six observations. This enables all events 

affecting the price during the year, and remaining effects from previous year, to be 

captured by the test. With this in mind, the maximum lag length possible was set to six 

quarters for the ADF test. To select the final lag length for the aforementioned test, the 

AIC, SBIC and HQIC were all taken into consideration. As stated in Chapter 5, whether 

or not the criterions are to be maximised or minimise depend on the criterions’ equations. 

When employing Microfit 5.0, the criterions should be maximised (Pesaran and Pesaran, 

2009).  



 36 

According to Pesaran and Pesaran (2009), small data sets are particularly sensitive to over 

parametrisation when exceedingly long lag lengths are utilised. If suggested lag length 

differs between the criterions, they recommend selecting the smallest lag advised. This 

will thus solve the issue of over parametrisation. This was therefore done for the ADF 

test for all assortments. The same lag length was then applied to both the KPSS and PP 

test, as Microfit 5.0 does not provide any of the previously mentioned criterions for these 

two tests. Instead, it bases the lag length suggestion for these tests solely on the number 

of observations and thus recommends a lag of 14 quarters, which is far too long and will 

lead to over parametrisation. Thus, it may be of importance to note that the selected lag 

length might not be the one most suitable for these two tests, as it is selected especially 

for the ADF test.  

 

Before the test results are presented, it may be of importance to repeat the null hypothesis 

for each test. The ADF and PP tests’ null hypothesis states that a unit root exists, meaning 

that the data is non-stationarity. If the null hypothesis is rejected, the data is stationary. 

The null hypothesis of the KPSS test is the opposite, meaning that data is stationary. If it 

can be rejected, the data is non-stationary. In order to perform the Johansen’s co-

integration test, the data must be non-stationary in levels, but stationary when differenced, 

i.e. I(1) (Mutanen and Toppinen, 2007). Thus, to be able to perform the Johansen’s test 

on a country’s assortment, the ADF and PP test must not reject the null hypothesis when 

in levels, but reject it when differenced, and the reverse applies to the KPSS test. 

 

6.2.1 Tests in levels 

Table 1 presents the test results for the Swedish price in levels. Whether or not a trend is 

said to be present in the data is not of importance for neither the ADF test nor the PP test 

for any of the assortments; the results indicate that a unit root exists in either case. When 

comparing the results derived from the KPSS test, differences can be seen. When the 

trend is omitted, all assortments’ prices are stationary, but when included, the KPSS test 

only indicate that pine saw logs are stationary. Thus, it becomes apparent that making the 

correct assumption about the trend is vital as the test results may differ. Unfortunately, 

Microfit 5.0 provides no information on whether or not the trend is statistically 

significant. This makes it difficult knowing which assumption to make. Therefore, the 

plots of the assortments’ prices must be investigated.   
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Table 1. Unit root and stationarity test results for the Swedish assortments’ log-

transformed prices in levels 

  Tests including an intercept but not a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 1 -2.8185 0.31372 -2.8117 

Spruce saw logs 1 -2.2557 0.21901 -2.4184 

Spruce pulpwood 4 -2.3521 0.26432 -2.0410 
  
  Tests including both an intercept and a trend 

Assortment  Lags ADF KPSS PP 

Pine saw logs 1 -2.7996 0.14221 -2.6710 

Spruce saw logs 1 -2.5772   0.15582* -2.5388 

Spruce pulpwood  4 -2.1566   0.19318* -2.0284 
Note: Asterisk * denotes a rejection of the null hypothesis at a five per cent significance level. 

 

The logarithmically transformed prices for both spruce saw logs and spruce pulpwood for 

Sweden are illustrated in Figure 8. When investigating the price movements for the two 

assortments, no trend seems apparent for either of them. It appears as if the spruce saw 

log price may have stagnated around a value of approximately 4.0, whereas the spruce 

pulpwood price moves around 3.4. Thus, it may be concluded that no trend should be 

included when conducting the unit root and stationarity tests for spruce saw logs and 

spruce pulpwood.  

 

Since the assumption of no trend appear to be the correct assumption, the ADF, PP and 

KPSS test disagree on whether or not the data is in fact non-stationary for all three of the 

Swedish assortments. This is problematic, as non-stationarity is the underlying 

assumption of the Johansen’s test. As mentioned in Chapter 5, the selected tests suffer 

from shortcomings, especially when utilising small number of observations, as they only 

reject the null hypothesis if strong evidence of doing so exists. The inconclusiveness of 

the tests might thus be consequential from an insufficient quantity of data. Neither of the 

tests can reject the null hypothesis as there is not strong enough evidence of doing so.  
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Figure 8. Logarithmically transformed prices for Swedish spruce saw logs and 

pulpwood 

Sources: Swedish Forest Agency (2018b).  

 

Whether or not the assumption of a trend is included in the unit root and stationarity tests 

for the Norwegian assortments, the tests’ results are identical. Thus, the trend does not 

need to be examined further. The null hypothesis of the ADF test is rejected in two cases; 

pine and spruce saw logs. This indicates that, according to the aforementioned test, the 

prices of these two assortments are stationary. Since its null hypothesis was not rejected 

for neither pine nor spruce pulpwood, the ADF test indicates that these assortments non-

stationary. The KPSS test results agree with those of the ADF test in three cases; spruce 

saw logs, and spruce and pine pulpwood. For pine saw logs the KPSS test concludes that 

the prices are non-stationary. According to the PP test all assortments’ prices are non-

stationary. Again, this may indicate that not enough data is present in this study, as the 

tests contradict one another. 

 

It is interesting that the null hypotheses for both the ADF and KPSS test can be rejected 

for pine saw logs. There is thus strong evidence for stationarity as well as non-stationarity 

at the same time. This may be an indication that there is an issue with the selected lag 

length for the KPSS test, as it was chosen specifically for the ADF test. 
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Table 2. Unit root and stationarity test results for the Norwegian assortments’ log-

transformed prices in levels 

  Tests including an intercept but not a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 1   -4.8432*   0.90247* -2.3786 

Spruce saw logs 1   -5.1796* 0.38738 -2.2721 

Pine pulpwood 1 -1.3220   0.88562* -1.0390 

Spruce pulpwood 1 -1.3519   1.19340* -0.9638 
 
  Tests including both an intercept and a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 1   -4.5909*   0.41095* -2.2677 

Spruce saw logs 1   -5.0369* 0.06153 -2.4876 

Pine pulpwood 1 -2.2899   0.42768* -1.7145 

Spruce pulpwood 1 -2.3265   0.37991* -1.7477 
Note: Asterisk * denotes a rejection of the null hypothesis at a five per cent significance level. 

 

The issue of omitting or including a trend is yet again prominent concerning the Finnish 

prices, as indicated in Table 3, which presents the unit root and stationarity test results 

for Finland. When the trend is omitted, the null hypothesis of the KPSS test is rejected 

for only one assortment; spruce pulpwood. This implies that three out of four assortments 

are stationary according to the KPSS test. When the trend is included, the test indicated 

that none of the assortments’ prices are non-stationary.  

 

Differences can be noticed in the test results derived from the PP test as well. When no 

trend is included, the null hypothesis is rejected for both of the saw logs assortments, but 

none of the pulpwood assortments. Ergo, the saw logs assortments are stationary whilst 

the pulpwood assortments are concluded non-stationary. When the test includes a trend, 

all roundwood assortments are non-stationary. The only test consistent when the trend is 

omitted or included is the ADF test. This test shows that pine saw logs and pine pulpwood, 

as well as spruce saw logs are all concluded stationary, and spruce pulpwood non-

stationary. To decide which assumption to make, the Finnish assortments’ prices must be 

examined visually through data plots. 
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Table 3. Unit root and stationarity test results for the Finnish assortments’ log-

transformed prices in levels 

  Tests including an intercept but not a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 4   -6.0257* 0.09307   -3.0480* 

Spruce saw logs 4   -6.7944* 0.09442   -2.8219* 

Pine pulpwood 1   -4.4069* 0.13621 -2.5138 

Spruce pulpwood 1 -2.8834   0.67646* -1.9350 
 
  Tests including both an intercept and a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 5   -6.5566* 0.04373 -2.9064 

Spruce saw logs 4   -7.4716* 0.04219 -2.7838 

Pine pulpwood 3   -4.8761* 0.07135 -2.7785 

Spruce pulpwood 1 -2.9362 0.09277 -2.3440 
Note: Asterisk * denotes a rejection of the null hypothesis at a five per cent significance level. 

 

Figure 9 presents the movements of the logarithmically transformed prices for Finnish 

pine saw log and pine pulpwood. Neither one of them seem to include a trend, as the 

prices appear to have stabilised after the most recent financial crisis. The pine saw log 

price has risen ever so slightly since the first quarter of 2016, but since it has fluctuated 

between 4.02 and 4.07 since the beginning of 2012, it is likely that the price is moving 

around a constant and not exhibiting a trend. The same yields for pine pulpwood, where 

the price moves around 3.32 and 3.34.  

 

Since no trend can be said to be present in the data for the two pine assortments, it can be 

concluded that all tests agree that pine saw logs are stationary in levels. This result is 

aligned with the results found in Kuuluvainen et al. (2018). However, for pine pulpwood 

the tests provide different results. The ADF and KPSS test indicate that the prices are 

stationary, whilst the PP test implies non-stationary, as its null hypothesis cannot be 

rejected.  
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Figure 9. Logarithmically transformed prices for Finnish pine saw logs and 

pulpwood 

Sources: The Natural Resources Institute Finland (LUKE, 2018b). 

 

The logarithmic price movements for the two Finnish spruce assortments are plotted in 

Figure 10. Because financial crisis, fluctuations can be seen between the first quarter of 

2006, to around the third quarter of 2010. The spruce assortments’ prices appear not to 

contain any trends, as the prices are consistent with time. Instead, they appear to move 

around a constant; as the Finnish pine assortments do. This implies that all three test agree 

that the spruce saw log price is stationary, whilst spruce pulpwood is non-stationary. 

Kuuluvainen et al. (2018) also concluded that the Finnish spruce saw log price is 

stationary. Thus, this result has support from previously conducted studies as well as the 

data plot.  
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Figure 10. Logarithmically transformed prices for Finnish spruce saw logs and 

pulpwood 

Sources: The Natural Resources Institute Finland (LUKE, 2018b) . 

 

By re-examining the unit root and stationarity tests’ result for each country, it becomes 

evident that out of eleven time-series, only three are concluded non-stationary in levels 

by all tests conducted; Norwegian pine and spruce pulpwood, and Finnish spruce 

pulpwood. For the remainder of the assortments, the tests’ results imply either 

stationarity, or are ambiguous as they contradict each other. In order to continue with the 

study, whether or not the first difference is stationary will be investigated on the 

assortments where the majority of the tests conclude non-stationarity in levels. However, 

since the aim of the study is to analyse if a relationship exists between the countries’ 

markets, the same assortment must be non-stationary for a minimum of two countries for 

the first difference to be presented. This implies that the Swedish pine saw logs and spruce 

pulpwood will be further investigated along with Norwegian pine saw logs, Norwegian 

spruce pulpwood and Finnish spruce pulpwood.  

 

6.2.2 Tests in first difference 

In table 4, the results of the first difference of the Swedish pine saw log’s and spruce 

pulpwood’s log transformed prices is presented. Regardless whether or not a trend is 

included, the ADF, KPSS and PP test all indicate that the logarithmically transformed 

price for spruce pulpwood is stationary in first difference. For pine saw logs, whether or 
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not a trend is included changes the outcome of the ADF test. When omitted, the 

aforementioned test implies that the assortment is stationary, but when included, it 

suggests non-stationary. Therefore, the trend must be further examined through a data 

plot. 

 

Table 4. Unit root and stationarity test results for the Swedish assortments’ first 

differenced log-transformed prices 

  Tests including an intercept but not a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 1   -3.0137* 0.13328   -4.3871* 

Spruce pulpwood 3   -4.9673* 0.06635   -5.6472* 
 
  Tests including both an intercept and a trend 

Assortment  Lags ADF KPSS PP 

Pine saw logs 1 -3.3064 0.10039   -4.3628* 

Spruce pulpwood  3   -5.4099* 0.04781   -5.6054* 
Note: Asterisk * denotes a rejection of the null hypothesis at a five per cent significance level. 

 

In Figure 11, the first difference of the logarithmically transformed Swedish prices for 

pine saw logs with respect to time is presented. Some volatility can be seen in the first 

around the time of the latest financial crisis. However, the prices appear to have stabilised 

around 2011. The data appear not to include a trend since the price move around zero. 

Since no trend appear to be present for the first differenced Swedish assortment, it can be 

concluded that both Swedish pine saw logs and spruce pulpwood are non-stationary in 

levels and stationary in first difference, thus possessing the I(1) properties needed for the 

co-integration analysis. 
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Figure 11. First differenced logarithmically transformed prices for Swedish pine 

saw logs 

Sources: Swedish Forest Agency (2018b). 

 

For Norwegian pine saw logs, all tests indicate stationarity in first difference regardless 

is a trend is included or not. This can be seen in table 5. However, the trend is of 

importance for spruce pulpwood. When omitted, the ADF test suggests that the 

assortment is stationary but when included, it implies non-stationarity. Thus, the trend 

must be evaluated through a data plot.  
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Table 5. Unit root and stationarity test results for the Norwegian assortments’ 

first differenced log-transformed prices 

  Tests including an intercept but not a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 1   -4.7611* 0.11100   -6.7408* 

Spruce pulpwood 1   -3.2384* 0.16513   -4.5304* 
 
  Tests including both an intercept and a trend 

Assortment Lags ADF KPSS PP 

Pine saw logs 1   -5.0700* 0.02986   -6.7917* 

Spruce pulpwood 1 -3.1749 0.08637   -4.5271* 
Note: Asterisk * denotes a rejection of the null hypothesis at a five per cent significance level. 
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Figure 12 is a data plot illustrating of the first difference of the Norwegian spruce 

pulpwood logarithmically transformed prices. It can be seen that some volatility has 

occurred. Again, a movement around zero is apparent and thus, no trend exists. Therefore, 

it can be concluded that the Norwegian spruce pulpwood price, just as the price of 

Norwegian pine saw logs, is first difference stationary. 

 
Figure 12. First differenced logarithmically transformed prices for Norwegian 

spruce pulpwood  

Sources: Statistics Norway (SSB, 2018). 

 

In Table 6, the results from the unit root and stationarity tests for the logarithmically 

transformed Finnish spruce pulpwood prices in difference are summarised. The trend is 

not of importance since all tests indicate stationarity regardless if a trend is omitted or 

included. Thus, it can be concluded that the Finnish spruce pulpwood price too possesses 

I(1) properties needed in order to conduct the Johansen’s test.  

 

Since the Swedish and Norwegian pine saw logs and spruce pulpwood prices, as well as 

the Finnish spruce pulpwood price, all are stationary in first difference, they can be 

analysed though the Johansen’s test. However, it is important to note that the results are 

to be taken lightly for the Swedish and Norwegian pine saw logs, as well as the Swedish 

spruce pulpwood, as it is not guaranteed that the prices do possess the desirable qualities 

needed to provide a correct co-integration analysis since only two out of three tests 

indicated non-stationarity in levels. 
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Table 6. Unit root and stationarity test results for the Finnish assortments’ first 

differenced log-transformed prices 

  Tests including an intercept but not a trend 

Assortment Lags ADF KPSS PP 

Spruce pulpwood 1   -3.6960* 0.07368   -4.5134* 

 
  Tests including both an intercept and a trend 

Assortment Lags ADF KPSS PP 

Spruce pulpwood 1   -3.7508* 0.06948   -4.4868* 

Note: Asterisk * denotes a rejection of the null hypothesis at a five per cent significance level. 
 

6.3 Johansen’s maximum likelihood test results 

Like the unit root and stationarity tests, the Johansen’s test was performed in Microfit 5.0. 

Again, the maximum lag length allowed was restricted to six observations. The final lag 

length was chosen by maximising the AIC and SBIC, as they were the only criterions 

offered by the program. If the criterions’ suggestions differed, the smallest of the 

recommended lag length was chosen. As stated in Chapter 5, the Maximum eigenvalue 

test and Trace test present identical null hypotheses. r denotes the number of co-

integration vectors present; if one or more co-integration vectors exist, there is a 

relationship between the countries markets. 

 

The results from the Johansen’s test for the Swedish and Norwegian pine saw log prices 

are summarised in Table 7. Both the Maximal eigenvalue test and the Trace test indicate 

that a relationship between Swedish and Norwegian pine saw logs exists, as the null 

hypotheses of no co-integration vectors are rejected at a ten per cent significance level. 

Since the tests failed to reject the second null hypothesis, only one vector is present. 
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Table 7. Johansen’s test results for Swedish and Norwegian pine saw logs with a 

lag length of one observation 

Maximum eigenvalue test Trace test 

HL Hr Statistic HL Hr Statistic 

r = 0 r = 1   14.4750** r = 0 r ≥ 1   20.1338** 

r ≤ 1 r = 2 5.6588 r ≤ 1 r = 2 5.6588             
Note: Asterisk * and ** denotes a rejection of the null hypothesis at a five, and ten per cent significance 
level respectively. 

 

The co-integration result for Swedish, Norwegian and Finnish spruce pulpwood is 

presented in table 8. It can be seen that neither the Maximum eigenvalue test nor the Trace 

test was able to reject the null hypothesis of no relationship. This implies that there is not 

one single market for the three countries’ spruce pulpwood.  

 

Table 8. Johansen’s test results for Swedish, Norwegian and Finnish spruce 

pulpwood with a lag length of one observation 

Maximum eigenvalue test Trace test 

HL Hr Statistic HL Hr Statistic 

r = 0 r = 1 8.9327 r = 0 r ≥ 1 12.7291.. 

r ≤ 1 r = 2 2.5306 r ≤ 1 r ≥ 2 3.7964           

r ≤ 2 r = 3 1.2658 r ≤ 2 r = 3 1.2658 
Note: Asterisk * and ** denotes a rejection of the null hypothesis at a five and ten per cent significance 
level respectively. 

 

Although it was concluded that no joint market for spruce pulpwood for all three countries 

existed, there is a possibility that two out of three markets are co-integrated. Therefore, 

bi-variate regressions were conducted. Table 9 presents the bivariate Johansen’s test 

results. The null hypothesis of no relationship could not be rejected at neither a five nor 

a ten per cent significance level for either of the countries, implying that none of them are 

interlinked.  
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Table 9. Johansen’s test results for bi-variate cases 

 Maximum eigenvalue test Trace test 

Countries HL Hr Statistic HL Hr Statistic 

Sweden and Norway,  

1 lag 

r = 0 

r ≤ 1 

r = 1 

r = 2 

4.6197 

1.3510 

r = 0 

r ≤ 1 

r ≥ 1 

r = 2 

5.9707 

1.3510 

Sweden and Finland,  

2 lags 

r = 0 

r ≤ 1 

r = 1 

r = 2 

  13.4387 

    2.1062 

r = 0 

r ≤ 1 

r ≥ 1 

r = 2 

 15.5449 

   2.1062 

Finland and Norway,  

2 lags 

r = 0 

r ≤ 1 

r = 1 

r = 2 

8.0197 

1.5839 

r = 0 

r ≤ 1 

r ≥ 1 

r = 2 

9.6036 

1.5839 

Note: Asterisk * and ** denotes a rejection of the null hypothesis at a five and ten per cent significance 
level respectively. 

 

6.4 Granger causality test 

Since the Swedish and Norwegian pine saw log market was co-integrated according to 

the Johansen’s test, the directional causality is to be evaluated. Similar to previous tests 

conducted, a lag length had to be chosen for the Granger causality test. This was done in 

the econometrics program Gnu Regression, Econometrics and Time-series Library, also 

known as GRETL. Again the maximum lag length possible was set to six observations 

and the minimised AIC, SBIC and HQIC were considered. The test results are presented 

in table 9. In the column furthest to the left, the directionality of the causality is denoted. 

For example, Sweden ® Norway implies that the test is investigating whether or not 

changes in Swedish price impact the Norwegian. In this example, the null hypothesis 

states that the Sweden does not Granger cause the Norwegian price changes. 

 

Table 10. Granger causality test results for Swedish and Norwegian pine saw logs 

prices with a lag of two observations 

Directionality F-statistics p-value 

Sweden ® Norway 1.41160 0.2412 

Norway ® Sweden 0.91776 0.3433 

Note: Asterisk * and ** denotes a rejection of the null hypothesis at a five and ten per cent significance 
level respectively. 

 

The Granger causality test indicated that Sweden does not Granger cause Norway at a 

significance level of ten per cent, since the p-value is greater than 0.10. However, the p-

value is too great to be able to conclude that the Norwegian price Granger causes the 
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Swedish as well. There is thus no price leader on this market. This result is surprising 

since a relationship between the countries’ prices is determined to exist by the Johansen’s 

test, which implies that at least one of the countries’ price changes affect the other 

country’s prices (Jaunky and Lundmark, 2015). The Granger causality test implies that 

there is no relationship between the two countries; thus contradicting the previous results. 
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CHAPTER 7  

CONCLUSIONS AND DISCUSSION 

 

 

 

 

The objective of this study has been to examine whether or not the Nordic coniferous 

roundwood assortment markets are interlinked. Three Nordic countries were investigated: 

Sweden, Finland and Norway, and the selected roundwood markets were pine and spruce 

saw logs and pulpwood. Furthermore, the directional causality of the price changes on 

the markets shown integration was to be assessed.  

 

In order to examine if any relationship between the counties markets existed, the price 

series had to be non-stationary in levels and stationary in first difference, or in other 

words, they had to possess I(1) properties. This was evaluated by conducting two different 

unit root tests and one stationary test; the augmented Dickey-Fuller test, the Phillips-

Perron test and the Kwaitkowski-Phillips-Schmidt-Shin test. The tests indicated that the 

price series did not comprise enough observations, as they often contradicted each other. 

Only for five assortments did all test imply the same results; Norwegian pine and spruce 

pulpwood, Finnish pine and spruce saw logs, as well as Finnish spruce pulpwood. Out of 

aforementioned assortments, only the three pulpwood varieties possessed the properties 

of being I(1); the Finnish saw logs were concluded to be stationary.  In order to continue 

with the study, two out of three tests had to imply indistinguishable results to evaluate if 

a market could be utilised to investigate linkages. This led to the conclusion that only five 

roundwood assortments out of eleven could be further investigated; Swedish and 

Norwegian pine saw logs, as well as Swedish, Norwegian, and Finnish spruce pulpwood. 

However, it was stated that the conclusions based from the Johansen’s test and the 

Granger causality test were to be accepted with caution, as the underlying assumption of 

I(1) may not hold true for all price series.  

 

The Johansen’s test indicated that the Swedish, Norwegian and Finnish spruce pulpwood 

production belong to separate markets and thus, the law of one price does not hold for 

these three countries. The Johansen’s test was also conducted bi-variate for all countries 

in order to assess whether two out of three markets were interlinked. However, no 
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relationship between any of the countries could be found. This result contradicts the ones 

found in Toivonen et al. (2002), where Sweden and Finland showed signs of being co-

integrated, and Finland was determined the price leader. The difference in results between 

this study and the study by Toivonen et al. (2002) may depend on the fact that this study 

utilised a co-integration test, whereas the previous study could only employ a simple 

regression analysis since not enough data to perform a co-integration test existed. 

However, the markets may also have drifted apart since their study comprised prices 

between 1980 and 1997, whereas this consists of data between 2006 and 2017.  

 

Since the spruce pulpwood markets showed no signs of co-integration, it is not necessary 

for neither the forest owners in the countries, nor the companies utilising pulpwood in 

order to produce paper or other goods, to take policy changes in the other countries into 

consideration when making investment decisions. Alterations concerning the forest 

industry in the other countries will not have an affect the domestic pulpwood price as they 

are not interlinked. Instead, suppliers and consumers providing and utilising spruce 

pulpwood must carefully monitor policy changes in the country from where they sell their 

output or buy their input. If Sweden, Finland or Norway implement a new law augmenting 

the production of environmentally friendly fuels, their domestic spruce pulpwood price 

will most likely increase since the forest is a scarce resource, but no price difference will 

be seen in the neighbouring countries. This will imply greater profits for the forest owners 

in that specific county where the new policy is implemented, but lower profits for the 

paper industry as their input becomes more expensive and their output price stay the same. 

National instruments implemented in order to increase or decrease the usage of forest will 

be affective on these markets, as the prices between the countries do not follow each other 

and will not be reversed because of changes in the other Nordic countries.  

 

The fact that the spruce pulpwood markets are not interlinked provides vital information 

for the forest energy sector as well. If the demand for spruce pulpwood in Sweden, 

Finland or Norway increases, the price for domestic forest fuels would augment as the 

forest becomes more scarce. Again, this would benefit the forest owners as their marginal 

profit would rise, but harm the companies, industries and individuals utilising 

environmentally friendly fuels. However, the price on Swedish forest fuels would not 

increase if the demand for Finnish spruce pulpwood were to rose, and vice versa. For the 

forest energy sector and its consumers to make correct assessments concerning future 
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prices, they shall thus only investigate alterations in demand for spruce pulpwood and 

policy changes concerning the country in general. By including markets that are not co-

integrated, their decisions will be faulty. They might plan and invest for price future 

increases or decreases that will not come, because they have taken other markets not 

interlinked in consideration. 

  

Unlike for the Swedish, Norwegian and Finnish spruce pulpwood markets, the Swedish 

and Norwegian pine saw log prices revealed to be co-integrated, meaning that products 

belong to the same market rather than two separate. Therefore, the law of one price should 

hold to be true. However, when conducting the Granger causality test, neither Sweden 

nor Norway proved Granger cause fluctuations in the other country’s prices, meaning that 

no relationship was found. Thus, the Johansen’s test and the Granger causality test 

contradicted one another. As previously mentioned, the underlying condition for the 

Johansen’s test is that the variables possess I(1) properties. Issues concerning the unit root 

and stationarity tests’ results were found for both Swedish and Norwegian pine saw logs, 

as only two out of three tests indicated non-stationarity. For the Norwegian assortment, 

both the ADF test and KPSS test rejected their null hypotheses, indicating that there was 

strong evidence for the variable to be both stationary and non-stationary at the same time, 

which not possible as the test were implemented on the same data set. Since the lag length 

was specifically chosen for the ADF test, it may not have been suitable for neither the 

KPSS test nor the PP test, which may be a reason to the difference in their results. 

Consequently, the prices of the Swedish and/or Norwegian pine saw logs might in fact be 

stationary, which may cause the co-integration test to provide faulty results. It can 

therefore not be said with certainty that the Swedish and Norwegian pine saw logs do 

belong in one and the same markets, and thus, the law of one price may not hold. 

Therefore, no analysis about the co-integration and directional causality can be said about 

these markets until further investigations have been conducted, providing concluding 

results.  

 

Since this study suffers from lack of data, it would be appropriate to recreate it when more 

prices are available. According to a study conducted by Toda (1995), more than 100 

observations are needed in order for time series testing to provide reliable results, 

indicating that 13 years of observations in addition to the ones utilised may be necessary. 

Another way to recreate this study that might solve the shortages with the lack of prices 
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available might be to utilise panel data instead of time series data. By adding the three 

countries price series together, this would provide 144 observations for all assortments 

but pine pulpwood; it would comprise 96 observations as no information about the 

Swedish pine pulpwood prices is available. However, since the pine pulpwood 

observations would still be less than the recommended by Toda (1995), it might still be 

recommendable to conduct the new study after a couple of years. 

 

It may also be of importance to understand how the regional markets within and between 

Sweden, Norway and Finland interact with each other. Therefore, co-integration studies 

for these markets could be of significance. However, only two years of data is available 

regionally for Finland, and thus, only regions of Sweden and Norway can be investigated. 

Again, there might be a lack of data and thus, researchers may be well of considering 

utilising panel data instead of time series data.  

 

This paper has provided some information on how interlinked roundwood markets might 

affect other forestry industries, such as the sawmill industry, the pulp and paper industry 

and the forest energy sector. However, the input prices are not the only prices that are of 

importance for these industries. In order for them to make correct assessment about 

investments, they must also evaluate future price changes on the end product they 

provide. Therefore, information regarding the co-integration between the Sawmill 

industry, pulp and paper industry and forest energy sector in Sweden, Norway and 

Finland is also of importance for a full conclusion to be provided, as the industries end 

products’ prices may be affected by the price changes in countries.  
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APPENDIX  

 

 

 

 

This section presents the quarterly data on which this study has been conducted. Appendix 

A-D present the nominal prices for each assortment, E-H comprise the logarithmically 

transformed prices, and finally, I-J contain the first difference prices. 

 

A1. Quarterly prices for pine saw logs in euros 

Date Sweden Norway Finland 

2006Q1 66.20 31.15 46.22 

2006Q2 63.06 30.08 47.24 

2006Q3 57.78 29.44 47.78 

2006Q4 57.68 29.64 51.46 

2007Q1 49.90 27.15 55.87 

2007Q2 47.66 28.25 61.87 

2007Q3 49.96 28.85 70.32 

2007Q4 50.64 28.74 68.51 

2008Q1 54.36 63.69 63.71 

2008Q2 53.34 58.86 62.63 

2008Q3 49.83 51.68 60.63 

2008Q4 47.32 45.64 57.27 

2009Q1 42.33 43.27 51.53 

2009Q2 40.72 41.40 47.54 

2009Q3 41.95 44.79 47.75 

2009Q4 46,17 52.17 49.71 

2010Q1 49.40 55.20 51.17 

2010Q2 51.88 57.01 54.59 

2010Q3 57.76 57.41 58.40 

2010Q4 61.49 59.07 58.30 

2011Q1 62.02 58.29 57.60 

2011Q2 58.89 56.45 58.95 
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2011Q3 56.19 55.51 60.97 

2011Q4 56.96 56.23 58.37 

2012Q1 55.01 54.43 55.81 

2012Q2 53.19 54.55 55.83 

2012Q3 54.33 54.88 56.89 

2012Q4 52.72 54.77 57.34 

2013Q1 52.75 52.94 57.54 

2013Q2 50.06 51.26 56.83 

2013Q3 49.43 49.21 58.64 

2013Q4 50.66 51.23 58.56 

2014Q1 51.26 54.56 57.46 

2014Q2 49.02 56.21 56.90 

2014Q3 48.22 56.35 57.66 

2014Q4 51.45 54.98 57.67 

2015Q1 51.15 53.19 57.04 

2015Q2 50.97 52.74 56.37 

2015Q3 50.35 47.12 56.66 

2015Q4 51.90 47.16 56.09 

2016Q1 49.98 45.88 56.46 

2016Q2 49.38 46.07 56.75 

2016Q3 48.26 45.44 57.22 

2016Q4 47.25 48.73 57.18 

2017Q1 47.45 49.72 57.23 

2017Q2 46.07 47.65 57.93 

2017Q3 46.88 47.49 58.11 

2017Q4 47.46 47.60 58.24 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 
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A2. Quarterly prices for spruce saw logs in euros 

Date Sweden Norway Finland 

2006Q1 66.80 51.09 48.19 

2006Q2 66.64 52.05 47.73 

2006Q3 59.51 52.19 49.58 

2006Q4 57.97 52.11 52.00 

2007Q1 52.11 57.97 55.86 

2007Q2 52.19 59.51 61.68 

2007Q3 52.05 66.64 71.34 

2007Q4 51.09 66.80 68.94 

2008Q1 48.29 63.01 63.20 

2008Q2 47.89 58.95 61.96 

2008Q3 45.40 53.04 60.41 

2008Q4 42.14 45.16 55.97 

2009Q1 39.13 42.41 50.20 

2009Q2 37.66 40.27 45.66 

2009Q3 40.32 43.91 47.94 

2009Q4 43.66 49.67 48.21 

2010Q1 48.60 53.55 50.84 

2010Q2 51.88 55.37 53.93 

2010Q3 59.36 58.08 58.12 

2010Q4 63.34 57.53 57.51 

2011Q1 64.62 55.77 58.13 

2011Q2 60.11 54.49 58.11 

2011Q3 52.71 55.51 60.44 

2011Q4 57.07 54.34 57.29 

2012Q1 58.85 51.54 54.29 

2012Q2 56.11 52.30 54.70 

2012Q3 54.92 54.98 56.43 

2012Q4 52.49 54.00 56.43 

2013Q1 56.05 51.28 56.76 

2013Q2 53.80 49.16 56.74 

2013Q3 51.62 48.79 58.31 
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2013Q4 53.03 49.36 58.21 

2014Q1 56.45 53.16 57.21 

2014Q2 54.16 54.34 56.53 

2014Q3 48.99 54.68 57.24 

2014Q4 55.01 53.55 56.26 

2015Q1 55.73 51.66 55.08 

2015Q2 55.48 50.98 54.97 

2015Q3 55.65 47.05 55.47 

2015Q4 56.95 45.95 55.07 

2016Q1 55.56 44.51 56.27 

2016Q2 55.31 45.28 57.25 

2016Q3 54.47 46.84 57.93 

2016Q4 52.89 49.29 58.25 

2017Q1 52.71 51.10 58.34 

2017Q2 50.71 49.41 59.29 

2017Q3 52.64 51.24 60.53 

2017Q4 53.59 50.90 60.18 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 
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A3. Quarterly prices of pine pulpwood in euros 

Date Norway Finland 

2006Q1 23.64 24.22 

2006Q2 24.00 24.45 

2006Q3 23.24 24.91 

2006Q4 22.67 25.73 

2007Q1 24.98 27.16 

2007Q2 25.41 29.39 

2007Q3 26.58 31.77 

2007Q4 27.65 33.42 

2008Q1 31.59 34.90 

2008Q2 32.16 35.84 

2008Q3 32.47 35.81 

2008Q4 29.51 33.76 

2009Q1 26.49 28.52 

2009Q2 25.26 25.64 

2009Q3 23.96 25.13 

2009Q4 24.10 25.49 

2010Q1 26.78 26.32 

2010Q2 28.44 27.78 

2010Q3 30.59 29.40 

2010Q4 31.05 29.63 

2011Q1 35.92 29.66 

2011Q2 36.30 30.73 

2011Q3 36.70 31.19 

2011Q4 36.86 30.08 

2012Q1 33.44 28.70 

2012Q2 32.85 29.39 

2012Q3 32.38 29.49 

2012Q4 31.86 29.50 

2013Q1 28.36 29.74 

2013Q2 27.10 29.80 

2013Q3 25.76 29.87 
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2013Q4 24.06 29.78 

2014Q1 24.00 29.17 

2014Q2 24.08 28.87 

2014Q3 23.89 28.25 

2014Q4 23.07 28.24 

2015Q1 22.00 27.76 

2015Q2 22.45 27.50 

2015Q3 21.09 28.09 

2015Q4 20.57 27.57 

2016Q1 19.70 27.60 

2016Q2 20.28 27.90 

2016Q3 20.67 28.29 

2016Q4 21.40 27.92 

2017Q1 21.49 27.65 

2017Q2 20.71 27.95 

2017Q3 21.00 27.75 

2017Q4 21.01 27.74 

Sources: The Natural Resources Institute Finland (LUKE, 2018b) and Statistics Norway 

(SSB, 2018). 
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A4. Quarterly prices for spruce pulpwood 

Date Sweden Norway Finland 

2006Q1 27.65 28.74 30.44 

2006Q2 26.58 28.85 29.86 

2006Q3 25.41 28.25 31.10 

2006Q4 24.98 27.15 31.36 

2007Q1 22.67 29.64 32.20 

2007Q2 23.24 29.44 32.91 

2007Q3 24.00 30.08 35.34 

2007Q4 23.64 31.15 36.42 

2008Q1 32.76 34.44 37.22 

2008Q2 32.82 34.68 37.50 

2008Q3 33.78 34.04 37.98 

2008Q4 32.36 31.27 36.26 

2009Q1 28.25 29.96 32.16 

2009Q2 26.53 28.32 28.96 

2009Q3 25.92 25.72 29.06 

2009Q4 27.04 26.17 27.71 

2010Q1 29.52 29.41 28.43 

2010Q2 32.79 30.97 28.89 

2010Q3 34.31 32.64 30.92 

2010Q4 35.57 33.32 30.51 

2011Q1 3800 37.92 30.76 

2011Q2 38.26 37.96 31.68 

2011Q3 38.11 38.38 32.87 

2011Q4 38.23 38.58 31.31 

2012Q1 36.49 35.10 29.95 

2012Q2 35.35 34.40 30.26 

2012Q3 34.92 34.05 30.77 

2012Q4 32.82 33.45 31.31 

2013Q1 33.56 30.11 31.38 

2013Q2 32.91 28.10 30.45 

2013Q3 31.46 27.23 30.99 
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2013Q4 31.14 25.24 31.04 

2014Q1 31.16 25.32 30.39 

2014Q2 30.20 25.63 29.73 

2014Q3 29.11 25.42 29.92 

2014Q4 29.77 24.31 29.78 

2015Q1 29.52 24.51 29.72 

2015Q2 30.11 24.83 28.96 

2015Q3 29.26 23.24 29.78 

2015Q4 29.98 22.57 29.39 

2016Q1 29.92 21.66 30.11 

2016Q2 30.08 22.10 30.24 

2016Q3 28.92 22.29 29.89 

2016Q4 28.60 22.95 30.07 

2017Q1 29.14 23.34 30.04 

2017Q2 28.92 23.13 29.99 

2017Q3 29.61 23.25 30.17 

2017Q4 30.21 23.50 30.24 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 
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A5. Logarithmically transformed pine saw log prices 

Date Sweden Norway Finland 

2006Q1 4.19 3.44 3.83 

2006Q2 4.14 3.40 3.86 

2006Q3 4.06 3.38 3.87 

2006Q4 4.05 3.39 3.94 

2007Q1 3.91 3.30 4.02 

2007Q2 3.86 3.34 4.13 

2007Q3 3.91 3.36 4.25 

2007Q4 3.92 3.36 4.23 

2008Q1 4.00 4.15 4.15 

2008Q2 3.98 4.08 4.14 

2008Q3 3.91 3.94 4.10 

2008Q4 3.86 3.82 4.05 

2009Q1 3.75 3.77 3.94 

2009Q2 3.71 3.72 3.86 

2009Q3 3.74 3.80 3.87 

2009Q4 3.83 3.95 3.91 

2010Q1 3.90 4.01 3.94 

2010Q2 3.95 4.04 4.00 

2010Q3 4.06 4.05 4.07 

2010Q4 4.12 4.08 4.07 

2011Q1 4.13 4.07 4.05 

2011Q2 4.08 4.03 4.08 

2011Q3 4.03 4.02 4.11 

2011Q4 4.04 4.03 4.07 

2012Q1 4.01 4.00 4.02 

2012Q2 3.97 4.00 4.02 

2012Q3 4.00 4.01 4.04 

2012Q4 3.96 4.00 4.05 

2013Q1 3.97 3.97 4.05 

2013Q2 3.91 3.94 4.04 

2013Q3 3.90 3.90 4.07 
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2013Q4 3.93 3.94 4.07 

2014Q1 3.94 4.00 4.05 

2014Q2 3.89 4.03 4.04 

2014Q3 3.88 4.03 4.05 

2014Q4 3.94 4.01 4.05 

2015Q1 3.93 3.97 4.04 

2015Q2 3.93 3.97 4.03 

2015Q3 3.92 3.85 4.04 

2015Q4 3.95 3.85 4.03 

2016Q1 3.91 3.83 4.03 

2016Q2 3.90 3.83 4.04 

2016Q3 3.88 3.82 4.05 

2016Q4 3.86 3.89 4.05 

2017Q1 3.86 3.91 4.05 

2017Q2 3.83 3.86 4.06 

2017Q3 3.85 3.86 4.06 

2017Q4 3.86 3.86 4.06 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 
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A6. Logarithmically transformed prices for spruce saw logs 

Date Sweden Norway Finland 

2006Q1 4.20 3.93 3.88 

2006Q2 4.20 3.95 3.87 

2006Q3 4.09 3.95 3.90 

2006Q4 4.06 3.95 3.95 

2007Q1 3.95 4.06 4.02 

2007Q2 3.95 4.09 4.12 

2007Q3 3.95 4.20 4.27 

2007Q4 3.93 4.20 4.23 

2008Q1 3.88 4.14 4.15 

2008Q2 3.87 4.08 4.13 

2008Q3 3.82 3.97 4.10 

2008Q4 3.74 3.81 4.02 

2009Q1 3.67 3.75 3.92 

2009Q2 3.63 3.70 3.82 

2009Q3 3.70 3.78 3.87 

2009Q4 3.78 3.91 3.88 

2010Q1 3.88 3.98 3.93 

2010Q2 3.95 4.01 3.99 

2010Q3 4.08 4.06 4.06 

2010Q4 4.15 4.05 4.05 

2011Q1 4.17 4.02 4.06 

2011Q2 4.10 4.00 4.06 

2011Q3 3.96 4.02 4.10 

2011Q4 4.04 4.00 4.05 

2012Q1 4.08 3.94 3.99 

2012Q2 4.03 3.96 4.00 

2012Q3 4.01 4.01 4.03 

2012Q4 3.96 3.99 4.03 

2013Q1 4.03 3.94 4.04 

2013Q2 3.99 3.90 4.04 

2013Q3 3.94 3.89 4.07 
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2013Q4 3.97 3.90 4.06 

2014Q1 4.03 3.97 4.05 

2014Q2 3.99 4.00 4.03 

2014Q3 3.89 4.00 4.05 

2014Q4 4.01 3.98 4.03 

2015Q1 4.02 3.94 4.01 

2015Q2 4.02 3.93 4.01 

2015Q3 4.02 3.85 4.02 

2015Q4 4.04 3.83 4.01 

2016Q1 4.02 3.80 4.03 

2016Q2 4.01 3.81 4.05 

2016Q3 4.00 3.85 4.06 

2016Q4 3.97 3.90 4.06 

2017Q1 3.96 3.93 4.07 

2017Q2 3.93 3.90 4.08 

2017Q3 3.96 3.94 4.10 

2017Q4 3.98 3.93 4.10 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 
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A7. Logarithmically transformed pine pulpwood prices  

Date Norway Finland 

2006Q1 3.16 3.19 

2006Q2 3.18 3.20 

2006Q3 3.15 3.22 

2006Q4 3.12 3.25 

2007Q1 3.22 3.30 

2007Q2 3.24 3.38 

2007Q3 3.28 3.46 

2007Q4 3.32 3.51 

2008Q1 3.45 3.55 

2008Q2 3.47 3.58 

2008Q3 3.48 3.58 

2008Q4 3.38 3.52 

2009Q1 3.28 3.35 

2009Q2 3.23 3.24 

2009Q3 3.18 3.22 

2009Q4 3.18 3.24 

2010Q1 3.29 3.27 

2010Q2 3.35 3.32 

2010Q3 3.42 3.38 

2010Q4 3.44 3.39 

2011Q1 3.58 3.39 

2011Q2 3.59 3.43 

2011Q3 3.60 3.44 

2011Q4 3.61 3.40 

2012Q1 3.51 3.36 

2012Q2 3.49 3.38 

2012Q3 3.48 3.38 

2012Q4 3.46 3.38 

2013Q1 3.34 3.39 

2013Q2 3.30 3.39 

2013Q3 3.25 3.40 
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2013Q4 3.18 3.39 

2014Q1 3.18 3.37 

2014Q2 3.18 3.36 

2014Q3 3.17 3.34 

2014Q4 3.14 3.34 

2015Q1 3.09 3.32 

2015Q2 3.11 3.31 

2015Q3 3.05 3.34 

2015Q4 3.02 3.32 

2016Q1 2.98 3.32 

2016Q2 3.01 3.33 

2016Q3 3.03 3.34 

2016Q4 3.06 3.33 

2017Q1 3.07 3.32 

2017Q2 3.03 3.33 

2017Q3 3.04 3.32 

2017Q4 3.05 3.32 

Sources: The Natural Resources Institute Finland (LUKE, 2018b) and Statistics Norway 

(SSB, 2018). 
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A8. Logarithmically transformed spruce pulpwood prices  

Date Sweden Norway Finland 

2006Q1 3.32 3.36 3.42 

2006Q2 3.28 3.36 3.40 

2006Q3 3.24 3.34 3.44 

2006Q4 3.22 3.30 3.45 

2007Q1 3.12 3.39 3.47 

2007Q2 3.15 3.38 3.49 

2007Q3 3.18 3.40 3.56 

2007Q4 3.16 3.44 3.60 

2008Q1 3.49 3.54 3.62 

2008Q2 3.49 3.55 3.62 

2008Q3 3.52 3.53 3.64 

2008Q4 3.48 3.44 3.59 

2009Q1 3.34 3.40 3.47 

2009Q2 3.28 3.34 3.37 

2009Q3 3.25 3.25 3.37 

2009Q4 3.30 3.26 3.32 

2010Q1 3.39 3.38 3.35 

2010Q2 3.49 3.43 3.36 

2010Q3 3.54 3.49 3.43 

2010Q4 3.57 3.51 3.42 

2011Q1 3.64 3.64 3.43 

2011Q2 3.64 3.64 3.46 

2011Q3 3.64 3.65 3.49 

2011Q4 3.64 3.65 3.44 

2012Q1 3.60 3.56 3.40 

2012Q2 3.57 3.54 3.41 

2012Q3 3.55 3.53 3.43 

2012Q4 3.49 3.51 3.44 

2013Q1 3.51 3.40 3.45 

2013Q2 3.49 3.34 3.42 

2013Q3 3.45 3.30 3.43 
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2013Q4 3.44 3.23 3.44 

2014Q1 3.44 3.23 3.41 

2014Q2 3.41 3.24 3.39 

2014Q3 3.37 3.24 3.40 

2014Q4 3.39 3.19 3.39 

2015Q1 3.38 3.20 3.39 

2015Q2 3.40 3.21 3.37 

2015Q3 3.38 3.15 3.39 

2015Q4 3.40 3.12 3.38 

2016Q1 3.40 3.08 3.40 

2016Q2 3.40 3.10 3.41 

2016Q3 3.36 3.10 3.40 

2016Q4 3.35 3.13 3.40 

2017Q1 3.37 3.15 3.40 

2017Q2 3.36 3.14 3.40 

2017Q3 3.39 3.15 3.41 

2017Q4 3.41 3.16 3.41 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 
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A9. First differenced pine saw log prices  

Date Sweden Norway 

2006Q1   

2006Q2 -0.05 -0.04 

2006Q3 -0.09 -0.02 

2006Q4  0.00  0.01 

2007Q1 -0.14 -0.09 

2007Q2 -0.05  0.04 

2007Q3  0.05  0.02 

2007Q4  0.01  0.00 

2008Q1  0.07  0.80 

2008Q2 -0.02 -0.08 

2008Q3 -0.07 -0.13 

2008Q4 -0.05 -0.12 

2009Q1 -0.11 -0.05 

2009Q2 -0.04 -0.04 

2009Q3  0.03  0.08 

2009Q4  0.10  0.15 

2010Q1  0.07  0.06 

2010Q2  0.05  0.03 

2010Q3  0.11  0.01 

2010Q4  0.06  0.03 

2011Q1  0.01 -0.01 

2011Q2 -0.05 -0.03 

2011Q3 -0.05 -0.02 

2011Q4  0.01  0.01 

2012Q1 -0.03 -0.03 

2012Q2 -0.03  0.00 

2012Q3  0.02  0.01 

2012Q4 -0.03  0.00 

2013Q1  0.00 -0.03 

2013Q2 -0.05 -0.03 

2013Q3 -0.01 -0.04 
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2013Q4  0.02  0.04 

2014Q1  0.01  0.06 

2014Q2 -0.04  0.03 

2014Q3 -0.02  0.00 

2014Q4  0.06 -0.02 

2015Q1 -0.01 -0.03 

2015Q2  0.00 -0.01 

2015Q3 -0.01 -0.11 

2015Q4  0.03  0.00 

2016Q1 -0.04 -0.03 

2016Q2 -0.01  0.00 

2016Q3 -0.02 -0.01 

2016Q4 -0.02  0.07 

2017Q1  0.00  0.02 

2017Q2 -0.03 -0.04 

2017Q3  0.02  0.00 

2017Q4  0.01  0.00 

Sources: Swedish Forest Agency (2018b) and Statistics Norway (SSB, 2018). 
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A10. First differenced spruce pulpwood prices  

Date Sweden Norway Finland 

2006Q1    

2006Q2 -0.04  0.00 -0.02 

2006Q3 -0.04 -0.02  0.04 

2006Q4 -0.02 -0.04  0.01 

2007Q1 -0.10  0.09  0.03 

2007Q2  0.03 -0.01  0.02 

2007Q3  0.03  0.02  0.07 

2007Q4 -0.02  0.04  0.03 

2008Q1  0.33  0.10  0.02 

2008Q2  0.00  0.01  0.01 

2008Q3  0.03 -0.02  0.01 

2008Q4 -0.04 -0.09 -0.05 

2009Q1 -0.14 -0.04 -0.12 

2009Q2 -0.06 -0.06 -0.10 

2009Q3 -0.02 -0.10  0.00 

2009Q4  0.04  0.02 -0.05 

2010Q1  0.09  0.12  0.03 

2010Q2  0.10  0.05  0.02 

2010Q3  0.05  0.05  0.07 

2010Q4  0.04  0.02 -0.01 

2011Q1  0.07  0.13  0.01 

2011Q2  0.01  0.00  0.03 

2011Q3  0.00  0.01  0.04 

2011Q4  0.00  0.01 -0.05 

2012Q1 -0.05 -0.09 -0.04 

2012Q2 -0.03 -0.02  0.01 

2012Q3 -0.01 -0.01  0.02 

2012Q4 -0.06 -0.02  0.02 

2013Q1  0.02 -0.11  0.00 

2013Q2 -0.02 -0.07 -0.03 

2013Q3 -0.05 -0.03  0.02 
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2013Q4 -0.01 -0.08  0.00 

2014Q1  0.00  0.00 -0.02 

2014Q2 -0.03  0.01 -0.02 

2014Q3 -0.04 -0.01  0.01 

2014Q4  0.02 -0.04  0.00 

2015Q1 -0.01  0.01  0.00 

2015Q2  0.02  0.01 -0.03 

2015Q3 -0.03 -0.07  0.03 

2015Q4  0.02 -0.03 -0.01 

2016Q1  0.00 -0.04  0.02 

2016Q2  0.01  0.02  0.00 

2016Q3 -0.04  0.01 -0.01 

2016Q4 -0.01  0.03  0.01 

2017Q1  0.02  0.02  0.00 

2017Q2 -0.01 -0.01  0.00 

2017Q3  0.02  0.01  0.01 

2017Q4  0.02  0.01  0.00 

Sources: Swedish Forest Agency (2018b), the Natural Resources Institute Finland 

(LUKE, 2018b) and Statistics Norway (SSB, 2018). 

 


