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Abstract: This study examined roundwood market linkages. Spruce sawlogs and 
pulpwood markets in Finland, Estonia, Lithuania, Germany, Austria, Czech Republic 
and Norway were investigated on the basis of monthly price data from the years 1995-
2000. Roundwood trade was studied using international trade quantities. Possible 
market integration was evaluated using correlation analysis and the z-test for means of 
price levels was used in testing price level convergence between countries. 
 Roundwood trade increased during the study period, but no evidence of high 
pulpwood market integration was found. Correlations between price developments were 
quite weak. Spruce sawlogs showed stronger correlation than spruce pulpwood, and 
spruce sawlog markets between Finland, the Baltic States, the Czech Republic and 
Austria may be integrated to some extent. Roundwood prices for pulpwood and sawlogs 
seem to have converged with prices in other countries. 
 The results suggest that roundwood markets in different countries are not fully 
integrated. However, price level convergence may indicate that markets are developing 
towards higher integration levels.  
Key words: Roundwood markets, roundwood prices, market integration, Price 
convergence 
 
Marko MÄKI-HAKOLA. 2004. RAAKAPUUN HINTAKEHITYS JA MARKKI-
NOIDEN YHTEYDET KESKI- JA POHJOIS-EUROOPASSA. Pellervon taloudel-
lisen tutkimuslaitoksen työpapereita n:o. 68. 30 p. ISBN 952-5299-75-9, ISSN 1455-
4623. 
 
Tiivistelmä: Tutkimuksessa tarkastellaan raakapuun markkinoiden yhtenevyyttä 
Pohjois- ja Keski-Euroopassa. Tutkimuksessa analysoidaan kuusitukin ja kuusikuidun 
markkinoita vuosina 1995-2000 Suomessa, Virossa, Liettuassa, Saksassa, Itävallassa, 
Tšekissä  ja Norjassa. Raakapuun kauppaa tarkastellaan raakapuun kansainvälisten 
kauppamäärien avulla ja markkinoiden yhtenevyyttä tutkitaan korrelaatioanalyysin 
avulla. Hintatasojen mahdollista lähentymistä arvioidaan hintatasojen keskiarvojen 
eroja testaamalla.  
 Tulokset osoittavat, että vaikka raakapuun ulkomaankauppamäärät ovat ajanjakson 
aikana kasvaneet, ei viitteitä ainakaan kuitupuumarkkinoiden yhtenevyydestä löydy. 
Korrelaatiot eri maiden hintakehitysten välillä ovat suhteellisen alhaiset. Kuusitukin 
korrelaatiot ovat kuusikuidun korrelaatioita korkeampia. Suomen, Viron, Liettuan, 
Tsekin ja Itävallan kuusitukkimarkkinat saattavatkin olla jonkin verran integroituneita. 
Hintatasot eri maiden välillä näyttäisivät lähentyneen toisiaan. 
 Vaikka Pohjois-Euroopan raakapuumarkkinat eivät näyttäisi olevan täysin 
integroituneita, saattaa hintatasojen lähentyminen olla merkki kehityksestä kohti 
yhtenevämpiä Pohjois-Euroopan raakapuumarkkinoita. 
Avainsanat: raakapuumarkkinat, raakapuuhinnat, markkinoiden yhtenevyys, Hinta-
tasojen lähentyminen 
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YHTEENVETO – POHJOIS- JA KESKI-EUROOPAN 
RAAKAPUUMARKKINOIDEN HINTAKEHITYKSEN 
YHTENEVYYS 
 
 
Pohjois- ja Keski-Eurooppa muodostaa tärkeän metsäsektorin tuotanto- ja markkina-
alueen. On kuitenkin epäselvää kuinka selkeästi yhtenevistä raakapuun markkinoista 
tällä alueella voidaan puhua. Mikäli hintakehitys yksittäisissä maissa noudattaa varsin 
tarkasti muiden maiden hintakehitystä, voidaan aluetta pitää yhtenä suurena markkina-
alueena. Tällaisella alueella raakapuun hinnat liikkuvat yhtenevästi eli hintojen nousut 
ja laskut ovat suunnilleen samansuuntaisia ja yhtä voimakkaita. Viime vuosien kehitys 
antaa perusteita odottaa suunnan olevan kohti yhtenevämpiä puumarkkinoita. Taustalla 
ovat esimerkiksi Itä-Euroopan maiden muutos kohti markkinataloutta sekä lisääntynyt 
puun kansainvälinen kauppa ja EU:n taloudellisen integraation syveneminen. 
 
Tutkimuksen tarkoituksena on 1) Kuvailla raakapuumarkkinoita ja kansainvälistä 
raakapuukauppaa ja sen kehitystä Pohjois- ja Keski-Euroopan maissa, 2) tarkastella 
raakapuumarkkinoiden hintakehityksen yhtenevyyttä alueen maiden välillä ja 3) 
selvittää ovatko raakapuun hintatasot eri maissa lähestyneet toisiaan. Tässä 
tutkimuksessa mukana olevat maat ovat: Suomi, Viro, Liettua, Saksa, Itävalta, Tšekin 
tasavalta sekä Norja. Metsäsektorin kannalta merkittävissä maissa, Ruotsissa ja 
Venäjällä, ei raakapuun hintoja ilmoiteta kuukausittain ja tämän vuoksi ne on jätetty 
tarkastelun ulkopuolelle.  
 
Aineisto 
Tutkimusaineistona käytettiin raakapuun kuukausihintoja Suomessa, Virossa, 
Liettuassa, Saksassa, Itävallassa, Tšekissä sekä Norjassa. Tutkimuksessa selvitettiin 
kuusitukin sekä kuusikuidun hintojen korrelaatiota sekä hintatasojen lähestymistä 
(konvergenssia) ajanjaksolla tammikuu 1995 – joulukuu 2000. Korrelaatio-
tutkimuksessa käytettiin eurohinnoista laskettua indeksiä kunkin maan 
hankintahinnoista, koska Saksassa kuukausihinnat ovat tilastoitu ainoastaan 
painotettuna indeksinä. Konvergenssitutkimuksessa käytettiin nimellisiä tasohintoja 
tienvarressa ja tämän vuoksi Saksa jouduttiin jättämään tämän osion ulkopuolelle. 
 
Menetelmä 
Kansainvälistä raakapuun kauppaa tarkasteltiin maakohtaisten raakapuun vienti- ja 
tuontitilastojen avulla. Tilastot ovat vuosittaisia määriä ajanjakson 1993-2001 aikana. 
Näiden avulla voidaan tarkastella tuonti- ja vientimäärien kehitystä sekä kunkin maan 
raakapuun kauppatasetta. Lisäksi Kuviossa 2 sivulla kymmenen havainnollistetaan puun 
kulkuvirtoja kartan avulla. Hintakehitysten yhtenevyyttä eri maissa jaksolla 1995-2000 



 
 
 
tarkasteltiin korrelaation avulla. Analyysit toteutettiin pareittain kaikkien maiden välillä 
kuusikuidulle ja kuusitukille. Konvergenssitutkimuksessa käytettiin pareittaista z-testiä: 
Ajanjakso 1995-2000 jaettiin kahtia ja tämän jälkeen testattiin olivatko jaksojen 
tasohintojen keskiarvot merkitsevästi erilaiset. Muitakin tutkimusmenetelmiä, kuten 
esimerkiksi regressioanalyysi ja Granger-kausaalisuus, kokeiltiin. Aikasarjojen 
ominaisuuksien vuoksi menetelmien soveltuvuus tämän tutkimuksen tarpeisiin oli 
kuitenkin puutteellinen. Näiden menetelmien tulokset löytyvät yhteenvetona liitteestä 1. 
 
Tulokset 
Viron raakapuun vientimäärät ovat kasvaneet ajanjakson aikana nopeimmin. 
Absoluuttisesti Saksa on kuitenkin suurin raakapuun viejä. Myös Tšekki ja Liettua 
veivät raakapuuta vuonna 2001 enemmän kuin vuonna 1993. Suomen viemät 
raakapuumäärät ovat ajanjakson aikana laskeneet ja vuonna 2001 Suomi oli tutkituista 
maista pienin raakapuun viejä, mutta suurin raakapuun tuoja. Suomi on myöskin 
kasvattanut tuontimäärää nopeimmin, Itävalta toiseksi nopeimmin. Myös Liettuaan ja 
Viroon tuodut määrä ovat hieman kasvaneet, vaikkakin määrät ovat edelleen hyvin 
pieniä. Tutkimuksessa mukana olleista maista suurimpia raakapuun tuojia, ja myöskin 
nettotuojia ovat Suomi, Itävalta ja Norja. Myös Saksaan tuodaan vuosittain paljon 
raakapuuta, mutta kokonaisuutena Saksa on kuitenkin raakapuun nettoviejä. Saksan 
lisäksi myös Viro, Liettua ja Tšekki ovat raakapuun nettoviejiä. 
 
Kuusikuidun hinnat eri maissa korreloivat melko vaimeasti. Ainoastaan Viron ja 
Liettuan välinen korrelaatio antaa selkeämpiä viitteitä markkinoiden yhtenevyydestä. 
Kuusikuidun hintatasot eri maissa näyttävät kuitenkin yleisesti lähentyneen toisiaan 
ajanjakson aikana. Silmiinpistävää on ollut Tšekin muista maista poikkeava 
kuusikuituhintojen kehitys. Tšekissä kuusikuidun hintataso on loitontunut Baltian 
maiden hintatasosta ja lähentynyt Länsi-Euroopan maiden hintatasoja. Suomen ja Viron, 
Suomen ja Itävallan sekä Itävallan ja Norjan väliset hintaerot ovat pysyneet suhteellisen 
vakaina. 
 
Kuusitukin korrelaatiot olivat hieman yllättäen korkeampia kuin kuusikuidun 
korrelaatiot ja antavat viitteitä mahdollisesta integroituneisuudesta. Ainakin Suomen, 
Liettuan, Viron, Tšekin ja Itävallan välinen korrelaatio on niin korkeaa, että näiden 
maiden raakapuumarkkinoiden voidaan olettaa olevan jonkin verran yhtenevät. Myös 
kuusitukin hinnat eri maissa ovat jonkin verran lähestyneet toisiaan. Tosin Itävallan ja 
Tšekin hinnat ovat loitontuneet Suomen hinnoista, Itävallan hinnat ovat loitontuneet 
myös Norjan hinnoista. Viron, Liettuan ja Itävallan välisten hintatasojen eroissa ei ole 
tapahtunut muutoksia. Lähentymistä oli tapahtunut Suomen, Norjan, Viron ja Liettuan 
välisissä hinnoissa. Lisäksi Itävallan ja Tšekin hinnat olivat lähestyneet toisiaan.  
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Johtopäätökset 
Korrelaatioanalyysien tulosten perusteella Viron ja Liettuan välisiä markkinoita lukuun 
ottamatta Pohjois-Euroopan puumarkkinoita ei voida pitää yhtenevinä. Puutavaralajien 
välillä on kuitenkin eroja. Tukkipuulla eri maiden hintakehitys näyttää olevan 
kohtalaisen yhtenevää kuukausitasolla. Lisäksi hintatasojen lähestyminen saattaa olla 
merkki kehityksestä kohti lisääntyvää yhtenevyyttä. Kuitupuu on merkittävä vientituote 
maille missä kuitupuun oma kysyntä on vähäistä. Esimerkiksi Baltian maat ovat 
merkittäviä kuitupuun viejiä. Lisääntyvä raakapuun ulkomaankauppa saattaakin olla 
osasyy puun hintatasojen lähestymiseen, mikä on selvempää kuusikuidun kuin 
kuusitukin osalla.  
 
Tutkimuksen tuloksia tulee tarkastella varovaisuudella ja puutavaralajien eri 
loppukäyttötarkoitusten vuoksi ei tässä tutkimuksessa saatuja tuloksia tule yleistää 
koskemaan muita puutavaralajeja. Tutkimusajanjakso oli suhteellisen lyhyt ja 
esimerkiksi ulkoiset shokit, kuten myrskytuhot ja näistä seuranneet tarjontashokit sekä 
raakapuun hakkuurajoitukset saattavat vääristää tuloksia. On myös mahdollista, että 
kuukausitasoinen raakapuun hintatilasto on niin tiheä, että markkinoiden välillä 
mahdollisesti vallitsevia yhtenäisyyksiä ei tässä tutkimuksessa löydetty. Myöskin eri 
maiden hintatilastojen kattavuudessa ja luotettavuudessa on eroja. Joka tapauksessa 
tämä tutkimus tarjoaa taustatietoa ja pohjan laajemmille tutkimuksille sekä selvittää 
Pohjois-Euroopan raakapuumarkkinoiden viime vuosien kehitystä.  
 
Olisi ollut kiintoisaa tutkia markkinoiden yhtenevyyttä kehittyneempien menetelmien, 
kuten esimerkiksi Johansenin yhteisintegraatio-menetelmän avulla. Tämä ei kuitenkaan 
aikasarjojen lyhyyden ja tilastollisten luotettavuusongelmien vuoksi ollut mahdollista. 
Esimerkiksi Baltian maiden puumarkkinoista oli saatavilla tietoa vasta 1990-luvun 
puolivälistä alkaen.  
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1.  INTRODUCTION 
 

1.1  Background 
 
There is an ongoing debate about the degree of integration on European roundwood 
markets. So far, however, the level of roundwood market integration in Europe has only 
been examined in a few studies. Roundwood market linkages have been studied before, 
for example with integration analysis. Toivonen et al. (2002) studied roundwood price 
co-movement in Austria, Finland and Sweden. Thorsen (1996) and Nyrund (1999) 
investigated the integration of Nordic roundwood markets, while Mäki-Hakola (2002) 
examined roundwood market integration in Finland, Estonia, Germany and Lithuania. 
The present study sought to determine whether there are linkages between roundwood 
markets in different countries, and also expanded on the earlier work of Mäki-Hakola 
(2002) by including additional countries.   
 
If the price of a homogenous product in competitive markets is the same in different 
countries at all times, then the markets can be considered integrated. Silvapulle & 
Jayasuriya (1994) stated that if markets are integrated, then there is a long-term 
equilibrium in the markets where prices in different countries differ only by the level of 
transport costs. However, it is possible that roundwood markets in northern and central 
European are not yet integrated, but are developing towards greater integration. 
 
The markets in Europe have constantly changed during the last decade. The 
enlargement of the European Union (EU) is of current interest. The forest area of the 
EU doubled when Finland, Sweden and Austria joined the EU in 1995. Ten central and 
eastern European countries will join the EU in 2004 and two more in 2007, which will 
further increase the forest area in the EU.  
 
Furthermore, when the continuous internationalisation of forest companies and rapid 
acceleration of information transfer are considered, roundwood market integration may 
be assumed to grow. The introduction of a common European currency, the euro, may 
also lead to stronger linkages between roundwood markets in different countries. For 
example, it will be easier to make price comparisons when prices are expressed in the 
same currency (e.g. Hetemäki et al. 1997). This may also lead to more rapid price 
adjustments to equilibrium through arbitrage, so that the changes in roundwood markets 
might be reflected in other countries faster than before.  
 
However, a coin always has two sides. There are many reasons why roundwood market 
integration may take time or the markets may remain unintegrated. For example, the 
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internal structure of roundwood markets in separate countries is rather different, which 
might restrict their integration. Nevertheless, the competitive legislation of the EU has 
led to centralised roundwood price negotiations being abandoned and roundwood trade 
methods in different countries have become more similar.  
 

1.2  The purpose of the study 
 
The purpose of this study was to 1) describe roundwood markets and international 
roundwood trade in selected northern and central European countries, 2) to review the 
roundwood market linkages and integration between different countries and 3) to 
investigate whether roundwood prices in different countries have converged in the 
roundwood markets of northern and central European. The countries included in this 
study were Finland, Estonia, Lithuania, Germany, Austria, the Czech Republic and 
Norway, all of which report roundwood prices monthly. The study was based on the 
analysis of time series of roundwood prices during 1995-2000.1 
 
The paper is organised as follows: The roundwood markets in the different countries are 
described in chapter 2 and international roundwood trade between these countries is 
analysed in chapter 3. The study methods and time series data are described in chapter 
4, while the results of the analysis are presented in chapter 5 and discussed in chapter 6.  
 
 
 

                                                 
1 Sweden and Russia are also important countries for European roundwood markets. However, these 
countries do not report roundwood prices monthly and therefore they were not included in this study. 
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2.  ROUNDWOOD MARKETS IN NORTHERN 
EUROPE 

 
 
The countries included in this study were Finland, Estonia, Lithuania, Germany, 
Austria, the Czech Republic and Norway, which have a total forest area of about 47 
million hectares. Finland’s share of this total is 44% (20.7 million hectares), while 
Germany has about 10 million hectares and the remaining countries have less than 
seven million hectares of forests (Table 1) (Finnish statistical yearbook of forestry, 
2003).  
 
The volume of standing timber in the southern countries is relatively greater than in the 
Nordic countries. For example, although the forest area in Finland is twice as large as in 
Germany, the standing volume in Germany is higher than that in Finland (Finnish 
statistical yearbook of forestry, 2003).  
 
The forest ownership structure varies between the countries. In Norway, about 80% of 
forests are under private ownership, but in Estonia, Lithuania and the Czech Republic 
the proportion of privately-owned forest is quite small (Finnish statistical yearbook of 
forestry, 2003).  
 
Altogether, 144 million m3 roundwood were felled in the studied countries in 2001, with 
the greatest quantity felled in Finland (52 million m3) and the lowest in Lithuania (5.7 
million m3) (Finnish statistical yearbook of forestry, 2003).  
 
Total sawlog production was 40% greater than pulpwood production. In Finland, 
approximately equal quantities of sawlogs and pulpwood were produced, but in 
Germany, for example, pulpwood production was less than half of that for sawlogs. 
 
Finland and Austria were the major roundwood importers. In absolute terms Germany 
was the highest roundwood exporter, but in relative terms Estonia exported the most. 
About 36% of felled Estonian roundwood was exported to other countries in 2001, the 
main reason for this being the lack of domestic demand for pulpwood. Lithuania and the 
Czech Republic exported about 20% of felled roundwood in 2001 (Finnish statistical 
yearbook of forestry, 2003).  
 
The dominant tree species are pine and spruce. Pine is the most common tree species in 
Finland, Estonia and Lithuania, while spruce is the most common species in Norway, 
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Austria and Germany. However, 32% of all forests in Germany are dominated by 
various deciduous tree species. 
 
 
Table 1. Summary of roundwood markets in 2001 in the countries within this study. 
 

 Finland Estonia Lithuania Germany Austria Norway Czech
Forest area (million 

ha) 
20.7 1.9 1.7 10.1 3.4 6.6 2.6 

Privately owned 
forests  

63%  9%  17% 
 

47% 69% 78% 16% 

Felling in 2001 
(1000 m3) 

52210 10200 5700 39483 13467 8996 14374

Pulpwood produc-
tion 2001 (1000 m3) 

24368 3910 1490 10653 2505 3444 5054 

Sawlog production 
in 2001 (1000 m3) 

23359 3260 2700 22456 8057 4414 7920 

Roundwood im-
ports 2001 (1000m3) 

11993 583 96 3566 7852 2837 976 

Roundwood exports 
2001 (1000 m3) 

404 3683 1325 4954 1109 476 2485 

Exports share from 
total felling (%) 

0.8 36.1 23.2 12.5 8.2 5.3 17.3 

Growing stock 
(Million m3) 

1867 307 314 2820 1037 671 668 

Tree species Spruce 24% 
Pine 65% 
Birch 9% 

Spruce 18% 
Pine 34% 
Birch 31% 

Spruce24 % 
Pine35 % 
Birch21 % 

Spruce 32% 
Pine 28% 

Decid. 34% 

Spruce 56% 
Pine 6% 

Decid. 22% 

Spruce 
47% 

Pine 32% 

 

Sources: Finnish statistical yearbook of forestry, 2003, Lithuanian statistical yearbook of forestry 2000, 
Estonian yearbook of forests 2000, Euroopan talous ja sosiaalikomitea, 2002 & Faostat 2002. 
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3. ROUNDWOOD TRADE 
 

3.1  Roundwood exports 
 
Figure 1 illustrates roundwood export volumes during the period 1993-2001. Germany 
was the biggest exporter during the whole period. Exports from Estonia increased 
rapidly, while those from Finland decreased towards the end of the study period. In 
2001, Finland and Norway exported the smallest quantities of roundwood.  
 

 Roundwood exports 1993-2001

0 

1000 

2000 

3000 

4000 

5000 

6000 

1993 1994 1995 1996 1997 1998 1999 2000 2001 

1000 m3 under bark 

  Austria   Czech Republic   Estonia   Finland 
  Germany   Lithuania   Norway

 
 
Figure 1.  Roundwood exports from Austria, the Czech Republic, Estonia, Finland, 
 Germany, Lithuania and Norway. The lines indicate annual industrial 
 roundwood export (1000 m3) under bark. Source: Faostat, Forestry data,  2002. 

 
Estonia and Lithuania mainly export to Sweden, but Estonia also exports to Finland. 
The Czech Republic exports mostly to Austria, but also to Germany, while Germany 
also exports, for example, to Sweden and Belgium. Roundwood exports between the 
countries in this study in 1999 are illustrated in Figure 2. 
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Industrial roundwood  
export 1000 m3 in 1999 
 
From Lithuania  
Total export 940 
To Sweden 506 
To Poland 205 
 
From Germany  
Total export 4638 
To Austria 1557 
To Sweden 626 
To Finland 97 
To Czech 687 
 
From Estonia  
Total Export 3677 
To Sweden 1889 
To Finland 932 
To Germany 209 
To Norway 405 
 
From Sweden  
Total export 1406 
To Norway 1270 
 
From Czech Republic  
Total Export 2828 
To Austria 2090 
To Germany 563 
 
From Finland  
Total Export 758  
To Sweden 375 
To Germany 228 
 
From Austria  
Total Export 817 
To Italy over 800 
 
From Russia   
Total Export29908  
To Finland 9442 
To Sweden 2525 
To Germany 581 
To Norway 490 
 

 

 

Figure 2.  Export of industrial roundwood in 1999. 1000 m3 under bark. The thicker 
the arrow, the greater the volume of exports. Source: United Nations, 2000b  &  
FaoStat 2002. 

 

 

3.2  Roundwood imports 
 
Finland was the biggest roundwood importer during the period 1993-2001 (Figure 3). 
The quantity imported also increased rapidly during the period to over ten million cubic 
metres under bark annually. Austria also imported large amounts of roundwood, while 
Norway and Germany imported about three million cubic metres of roundwood 
annually at the end of the period. The Czech Republic, Estonia and Lithuania appear to 
be roundwood exporters, as imported quantities for these countries were low during the 
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whole period, but showed a slightly increasing trend. In fact, as Figure 3 indicates, all 
countries in this study imported more roundwood in 2001 than in 1993.  
 
Finland mostly imports from Russia, while Austria imports from the Czech Republic 
and Germany. Norway especially imports from Sweden, but also from Russia and the 
Baltic countries. Germany imports minor amounts roundwood from many countries. 
 
 

Roundwood imports 1993-2001
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14000 

1993 1994 1995 1996 1997 1998 1999 2000 2001 
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  Austria   Czech Republic   Estonia   Finland 
  Germany   Lithuania   Norway

 
 
Figure 3.  Roundwood imports to Austria, the Czech Republic, Estonia, Finland, 
 Germany, Lithuania and Norway. The lines indicate the annual industrial 
 roundwood export (1000 m3) under bark. Source: Faostat, Forestry data,  2002. 

 
Finland, Austria and Norway are net importers of roundwood. During the period from 
1993-2001, Estonia, Lithuania, the Czech Republic and Germany were net exporters of 
roundwood (Figure 4). Imports increased especially in Finland during this period. 
However, Finland mostly imports from Russia and there is therefore no corresponding 
increase in roundwood exports in any country included in the study.  
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Roundwood trade balance 1993-2001

-14000 
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  Austria   Czech Republic   Estonia   Finland 
  Germany   Lithuania   Norway  

Figure 4.  Roundwood trade balance (exports-imports) of Austria, the Czech Republic, 
 Estonia, Finland, Germany, Lithuania and Norway. The lines indicate 
 the annual roundwood trade balance (1000 m3) under bark. Source: Faostat, 
 Forestry data,  2002. 
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4.  DATA AND METHODS 
 

4.1  Time series data 
 
Empirical analysis was performed on seven countries: Finland, Estonia, Lithuania, 
Germany, Austria, Czech Republic and Norway. The data in this study were monthly 
roundwood prices for spruce pulpwood and sawlogs. The study period was from 
January 1995 to December 2000. Thus the data consisted of fourteen time series and 72 
observations in each series. Sweden and Russia are important countries on European 
roundwood markets. However, they do not report roundwood prices monthly and were 
therefore not included in this study. 
 
All prices were first converted to DEM/m3 and were then transformed into indices. 
Price series were converted to DEM by using the monthly exchange rates of all 
currencies. Nominal prices were used in this study. Price relations are reflected through 
exchange rates and a deflation of nominal prices is therefore unnecessary. The time 
series data for each country are described below. In the following analyses it must be 
noted that Norwegian, Lithuanian and Estonian prices are for roundwood without bark, 
while all other are prices with bark. In price level figures and analysis all prices were 
converted to prices over bark.2 
 
Finland 
For Finland two sets of time series data were available: monthly stumpage prices and 
monthly delivery prices. This study used monthly delivery prices over bark in private 
forests, because roundwood prices in other countries are also mainly delivery prices. 
During the study period the delivery sales share was about 20% of private loggings. The 
data was obtained from METINFO, the on-line statistics database of the Finnish Forest 
Research Institute. 
 
Estonia 
Estonian data consisted of monthly roadside prices under bark in state forests. The share 
of private loggings has increased rapidly. In 2000 about 40% of logging was carried out 
in state forests. Data were obtained from the Estonian State Forest Management Agency 
(RMK) and the United Nations (1997, 1999 & 2000a).  
 

                                                 
2 For sawlogs the share of bark was assumed to be 12% and for pulpwood 15% 
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Lithuania  
Lithuanian data were monthly roadside prices under bark and represented prices for 
roundwood from state-owned forests. During the study period about 80% of logging 
was carried out by the state. The data were obtained from the Lithuanian Centre of 
Forest Economics (MEC).  
 
Germany 
Prices from Germany were obtained in index form (Statistisches Bundesamt, several 
years ) and represented “overall” prices in state-owned forests3. About 40% of logging 
was performed in state forests.  
 
Austria 
Austrian prices were average over bark prices for all forest ownership categories. For 
spruce sawlogs the category in this study is b 2b (mean diameter 25-29 cm). Monthly 
time series data were obtained from Statistik Austria. 
 
Czech Republic 
The Czech Ministry of Agriculture provided monthly roadside prices over bark in the 
Czech Republic. Prices included all fellings, i.e. fellings in state-owned, private and 
communal forests. 
 
Norway  
Norwegian prices were roadside prices under bark in both state- and privately-owned 
forests. Time series data were obtained from the Agricultural University of Norway. 
 
 

4.2  Methods of analysis 
 
4.2.1  Movement of prices 
 
In this study the possible co-movement of roundwood prices in various countries was 
studied by means of correlation and regression analysis. Empirical study began with 
pairwise correlations of the price time series, which were performed between all 
possible pairs of countries and for both roundwood assortments (spruce sawlogs and 
pulpwood). The closer the correlation coefficient is to one, the more likely there is to be 
a linkage between roundwood prices in two countries. However, correlation may be the 
result of a common exogenous trend and therefore other tests must also be performed if 

                                                 
3 The index contains a great number of different regions, wood qualities and types of unit that have been 
aggregated by the German statistical office (Statistishes Bundesamt) by using special weighting factors. 
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possible. Time series data in correlation testing were indices. Correlations were also 
tested for two sub-periods: 1995-1997 and 1998-2000. These results are presented in 
Appendix 2. 
 
Because of the characteristics of time series (for example, a short period may lead to 
uncertain results) it is not possible to apply Johansen's method (Johansen, 1995). Other 
test methods were therefore used in this study4. Unfortunately, the characteristics of 
time series data also lead to poor equations and thus uncertain results when using simple 
regression methods5. The test method use here is described in Toivonen et al. (2002) 
and the results of analysis are presented in Appendix 1. 
 
 
4.2.2  Price convergence 
 
The second part in the empirical analysis involved the testing of possible convergence 
of the price levels in different countries. The exact purpose was to analyse whether the 
price levels in the studied countries have converged, diverged or remained unchanged. 
Price levels represented prices over bark.  
 

A pairwise z-test was used in the analysis (see, for example, Anderson et al. 1999). 
Time series data in this test comprised prices in levels. Each time series was first 
divided into two equally long sub-periods: January 1995 to December 1997 and January 
1998 to December 2000. The absolute values of price differences were then calculated 
for each pair of countries and for both sub-periods. The average differences of the 
absolute values of price levels in both sub-periods were then compared with the z-test. 
The null hypothesis was that the mean value for sub-period 1 ( 1µ ) is the same as the 
mean value for sub-period 2 ( 2µ ), 210 : µµ =H  and 21: µµ ≠AH . If the null 

hypothesis was rejected then the price levels had converged if the value of z was 
positive. If z was negative then the price levels in the two countries had diverged. 
 
The results must be treated with some caution, because the study period was relatively 
short. In addition, the price data did not necessarily fully cover all prices in all 
countries. Moreover, the conversion of prices under bark into prices over bark is 
approximate. Not all changes in price levels were therefore necessarily reflected in the 
time series data used in this study.  
 

                                                 
4 Regression analysis and Granger causality tests. 
5 However, empirical results indicated, with some certainty, possible integration between Estonian and 
Lithuanian roundwood markets.   
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5. RESULTS 

 

5.1  The development of roundwood prices 
 
5.1.1  Price indices 
 
The prices of spruce pulpwood and sawlogs in the studied countries were first visually 
compared (see Figure 5). The graphs represent nominal price development in index 
form. The base month (100) is January 1995. 
 
The figures show that there has been great variation in price development between the 
countries. Spruce pulpwood prices have increased relatively the most in the Czech 
Republic, which may have resulted from an increased domestic demand for pulpwood. 
For example, in 1998, when the price increase was most rapid, pulpwood imports to the 
Czech Republic increased by 72% from the previous year. In Estonia the pulpwood 
prices appear to have been lower in 2000 than in 1995. However pulpwood prices in 
Estonia increased during the latter part of the study period.  
 
In relative terms, spruce sawlog prices increased most strongly in Lithuania and the 
Czech Republic. The price increase in the Czech Republic in 1998 may have reflected 
the fact that sawlog exports to countries with higher price levels increased by almost 
one-third from previous year. Spruce sawlog prices decreased in Germany and Norway. 
Also striking is that when sawlog prices in Austria and Estonia decreased at the 
beginning of 2000 they also remained at the lower level. The reason for this may be an 
unexpected increase in the roundwood supply. Storms in December 1999 felled 
hundreds of millions of cubic metres of trees in central Europe. This may have led to a 
decrease in roundwood prices and in Germany, for example, regular felling was limited 
in 2000 due the storm damage. However, construction activity in Germany was also  
quite low in 2000, which may have partly led to the lower sawlog price levels. 
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Figure 5. Time series of spruce sawlog and pulpwood prices for the period from 

January 1995 to December 2000. Lines represent price developments as 
indices for each country (January 1995=100).  
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5.1.2  Prices in levels 
 
Nominal price developments in levels are presented in Figure 6. The lines represent 
price developments over bark in €/m3 during the period from January 1995 to December 
2000. Prices in Germany are not included in Figure 5. German prices are expressed as 
indices and not in monetary terms. Prices in levels must be interpreted tentatively 
because prices in different countries are measured in different ways. Transformation to 
the same currency and roundwood type (over bark) is therefore only approximate.  
 
Spruce pulpwood prices were highest in Finland and lowest in Estonia and Lithuania. 
Prices in the Czech Republic increased most rapidly, especially during the first part of 
the study period. 
 
Nominal prices of spruce sawlogs in absolute terms were highest in Austria. At the 
beginning of the period, prices in Norway were the second highest and those in the 
Czech Republic the third highest. During the study period they changed places and 
prices in the Czech Republic became the second highest. Prices in Lithuania and 
Estonia were the lowest, but they approached the Finnish price levels.  
 
Price developments in different countries have varied significantly. In Finland, Norway 
and Austria the development has been relatively steady when compared to Estonia, 
Lithuania and the Czech Republic. It is evident that roundwood markets in different 
countries are not fully integrated. However, Figure 6 indicates that price levels seem to 
have converged to some extent. Especially the graph for spruce sawlogs shows that 
price differences were lower at the end of the study period than in 1995.  
 
Figure 6 also illustrates that price variation during the second half of the study period 
was not as great as variation during the first half. This may be evidence of increased 
stability in the roundwood markets. Because of this development it seems possible that 
integration between roundwood markets in different countries has also increased. 
However, proof of these assumptions also requires empirical testing.  
 
Figure 6 also shows how spruce sawlog prices in Austria decreased and stabilised at a 
lower price level after the storms in December 1999.  
 

 17



 
 
 

Spruce pulpwood prices

5

10

15

2 0

25

3 0

35
€ 

/m
3

Finland Estonia Lithuania Austria Czech Norway

Spruce sawlogs

15

25

35

45

55

65

75

85

01
.9

5

03
.9

5

05
.9

5

07
.9

5

09
.9

5

11
.9

5

01
.9

6

03
.9

6

05
.9

6

07
.9

6

09
.9

6

11
.9

6

01
.9

7

03
.9

7

05
.9

7

07
.9

7

09
.9

7

11
.9

7

01
.9

8

03
.9

8

05
.9

8

07
.9

8

09
.9

8

11
.9

8

01
.9

9

03
.9

9

05
.9

9

07
.9

9

09
.9

9

11
.9

9

01
.0

0

03
.0

0

05
.0

0

07
.0

0

09
.0

0

11
.0

0

€/
m

3

Finland Estonia Lithuania Austria Czech Norway

 
Figure 6. Time series of spruce sawlog and pulpwood prices over bark for the period 

from January 1995 to December 2000. Lines represent prices in levels. 
 
 

5.2  Integration in spruce pulpwood markets 
 
Correlation analysis 
Prices in all countries were compared in a pairwise manner (Table 2). The correlations 
recorded were mostly quite modest. The highest correlation appeared to be between 
prices in Estonia and Lithuania, while the second highest correlation (0.52) was 
between Lithuania and the Czech Republic. 
 
The correlation between Finland and the Baltic States was low. Finland is a major 
pulpwood importer, but imported roundwood is mainly Russian birch and pine. The 
correlation in spruce pulpwood prices might therefore be low. The correlation between 
Germany and Austria was also fairly low. A negative correlation indicates that prices 
have developed in opposite directions. Significant correlations do not necessarily 
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indicate co-movement of prices, but the possibility that there may be co-movement.6 
Correlations for spruce pulpwood were slightly higher for the second sub-period (1998-
2000) than for the first (1995-2000) (Appendix 1).  
 
Table 2. Correlation between spruce pulpwood prices (indices) in different 

countries. 
 

 Finland Estonia Lithuania Germany Austria Czech 
Republic Norway 

Finland * -0.10 0.16 -0.04 -0.26 0.48 -0.34 

Estonia -0.10 * 0.74 0.28 -0.07 0.27 0.03 

Lithuania 0.16 0.74 * 0.45 -0.28 0.52 -0.15 

Germany -0.04 0.28 0.45 * 0.22 0.34 0.12 

Austria -0.26 -0.07 -0.28 0.22 * 0.03 0.34 
Czech 

Republic 0.48 0.27 0.52 0.34 0.03 * -0.28 

Norway -0.34 0.03 -0.15 0.12 0.34 -0.28 * 

Significant correlations at the 5% level are in bold 

 
Convergence 
Convergence test results are presented in Table 3. In this test the time series data was 
prices in levels and the absolute values of differences were used. German prices are 
presented as indices, which are therefore not appropriate in this convergence testing. 
 
Table 3 presents the studied pairs in the first column and then the mean value of price 
levels of both sub-periods. The mean in this context is the medium roundwood price 
difference between two countries during the period. Table 3 also contains the values for 
the variance of the time series data. The last two columns present the results of the z-
test. The higher the z-value is, the more significantly prices converge or diverge. If the 
p-value is under 0.01 then the null hypothesis (no change in price differences) is 
rejected. In these cases a positive z-value indicates convergence and a negative z-value 
divergence. Table 3 clearly indicates that spruce pulpwood prices converged during the 
study period. The mean values show that the price differences were quite high and that 
in most cases the differences decreased. Variances were also lower during the second 
sub-period, indicating that the price differences developed more smoothly.  
 
The price level difference between Finland, Austria and Estonia seems to have been 
relatively constant during both periods. The difference between Austrian and 
Norwegian prices also remained unchanged. Prices in the Czech Republic diverged 
from those of the Baltic prices. At the same time, the Czech Republic prices converged 

                                                 
6 Correlation results were nearly the same when prices in levels were used.   
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with and approached the prices in Austria, Finland and Norway. This is also visually 
apparent when comparing Table 3 and Figure 6. Finnish spruce pulpwood prices 
diverged from the price in Norway. Prices in Estonia converged with prices in 
Lithuania, Austria and Norway. Lithuanian spruce pulpwood prices also converged with 
prices in Austria and Norway. 
 
Table 3. Convergence test results for spruce pulpwood. H0: µ1=µ2. 

 
 Mean DEM/m3 (n=36) Var (n=36) Results 
 1.95-12.97 (µ1) 1.98-12.00 (µ2) 1.95-12.97 1.98-12.00 z P(z) 

Fin-Est 28.00 27.61 58.6 1.74 0.31 0.38 
Fin-Lie 35.81 32.48 33.7 5.47 3.2 0.00** 
Fin-Aus 5.21 6.41 7.51 6.06 -1.95 0.03 
Fin-Cze 20.85 9.85 12.09 10.57 13.87 0.00** 
Fin-Nor 7.03 11.08 20 3.7 -5.00 0.00** 
Est-Lie 7.81 4.87 13.8 5.16 4.06 0.00** 
Est-Aus 24.71 21.20 43.8 7.39 2.94 0.00** 
Est-Cze 8.64 17.77 24.5 9.61 -9.37 0.00** 
Est-Nor 21.74 16.54 33.9 4.75 4.30 0.00** 
Lie-Aus 32.53 26.07 34.1 12.7 5.66 0.00** 
Lie-Cze 14.96 22.63 29.3 15.4 -6.87 0.00** 
Lie-Nor 28.81 21.40 21.1 8.7 8.14 0.00** 
Aus-Cze 17.55 3.67 5.01 10.7 21.03 0.00** 
Aus-Nor 4.23 4.73 4.61 7.88 -0.85 0.20 
Cze-Nor 13.84 2.96 8.12 6.69 16.96 0.00** 
** Significant at the 1% level 
 
 

5.3  Integration in spruce sawlog markets 
 
Correlation analysis 
The test method for spruce sawlogs was exactly the same as for spruce pulpwood. The 
first phase was to analyse the correlation of spruce sawlogs prices between each pair of 
countries (Table 4). It can be seen that the correlation coefficients for spruce sawlogs 
were higher than they were for spruce pulpwood. This may indicate some integration at 
least between some of the countries: Correlation coefficients between Finland, Estonia, 
Lithuania and Czech were all around 0.80. Austria also had strong correlations with 
these four countries. 
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Table 4. Correlation between spruce sawlog prices in different countries. 
 

 Finland Estonia Lithuania Germany Austria Czech Norway 
Finland * 0.80 0.79 -0.15 0.41 0.76 0.20 
Estonia 0.80 * 0.84 0.31 0.73 0.84 0.21 
Lithuania 0.79 0.84 * 0.31 0.73 0.84 0.36 
Germany -0.15 0.31 0.31 * 0.73 0.16 0.26 

Austria 0.41 0.73 0.73 0.73 * 0.68 0.30 

Czech 0.76 0.84 0.84 0.16 0.68 * -0.02 
Norway 0.20 0.21 0.36 0.26 0.30 -0.02 * 

Significant correlations at the 5% level are in bold 

 
Norway and Germany had a low correlation with almost all other countries. High 
correlation coefficients may indicate from similarities in roundwood price development. 
However, correlations seem to be lower during the latter sub-period than during the first 
(Appendix 1). 
 
Convergence 
The final analysis in this study was a test of spruce sawlog price convergence. The 
results are presented in Table 5, and differ from the convergence results for spruce 
pulpwood. There are greater differences in spruce sawlog prices than in spruce 
pulpwood prices. Still, or maybe because of this, the general trend seems to be 
convergence between countries. Spruce sawlog price level differences between Estonia 
and Lithuania seem to have remained the same during both periods. Likewise, the price 
differences between Estonia and Austria did not changed significantly. Prices 
differences between Lithuania and Austria have probably also not changed between 
these two periods. 
 
Finnish prices converged with those in Estonia, Lithuania and Norway. Estonian prices 
converged with Austrian and Norwegian prices. Spruce sawlog prices in Lithuania 
converged with prices in Austria and Norway. It is evident that the Baltic prices have 
increased more rapidly than prices in Finland, Norway and Austria. Prices in the Czech 
Republic converged with Austrian prices. 
 
There has been significant divergence in spruce sawlog prices between Finland and 
Austria, and Finland and the Czech Republic; Prices in Austria and in the Czech 
Republic increased more than the prices in Finland. Divergence was also found in price 
levels between Austria and Norway as well as between the Czech Republic and 
Norway.  
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Table 5. Convergence test results for spruce sawlogs, H0: µ1=µ2. 
 

 Mean DEM/m3 (n=36) Var (n=36) Results 
 1.95-12.97 (µ1) 1.98-12.00 (µ2) 1.95-12.97 1.98-12.00 Z p(z) 

Fin-Est 19.36 9.93 20.72 11.6 9.96 0.00** 
Fin-Lie 30.87 19.77 48.86 25.78 7.70 0.00** 
Fin-Aus 63.13 70.00 53.26 98.11 -3.35 0.00** 
Fin-Cze 10.57 25.90 17.35 16.91 -15.71 0.00** 
Fin-Nor 11.29 3.90 33.75 6.31 7.01 0.00** 
Est-Lie 11.59 9.86 57.35 18.11 1.19 0.12 
Est-Aus 82.50 79.93 36.49 68.95 1.5 0.07 
Est-Cze 29.93 35.83 44.35 14.73 -4.6 0.00** 
Est-Nor 30.66 12.91 22.57 13.83 18.25 0.00** 
Lie-Aus 94.00 89.78 71.08 44 2.36 0.01* 
Lie-Cze 41.44 45.67 52.23 26.33 -2.87 0.00** 
Lie-Nor 42.16 22.15 35.33 7 18.45 0.00** 
Aus-Cze 52.56 44.10 59.18 68.68 4.49 0.00** 
Aus-Nor 51.84 67.62 25.32 45.95 -11.21 0.00** 
Cze-Nor 5.22 23.52 13.86 19.89 -18.9 0.00** 

** Significant at the 1% level 
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6.  DISCUSSION 
 
 
This study investigated the question of whether the roundwood markets in seven 
European countries (Finland, Estonia, Lithuania, Germany, Austria, the Czech Republic 
and Norway) are linked and whether the linkages have increased during the last decade. 
  
The volume of international roundwood trade increased during the period 1993-2001. 
Roundwood exports particularly increased in the countries in transition. All the studied 
countries increased their roundwood imports during the period 1993-2001. Especially 
Finland and Austria import large amounts of roundwood. It is also notable that all the 
studied countries except Norway increased their roundwood production during the 
period 1993-2001.  
 
Roundwood price developments are described in price levels and in indices. 
Roundwood assortments in the empirical study were spruce sawlogs and pulpwood. The 
study period was from January 1995 to December 2000. The empirical part of the study 
was based on two methods: pairwise correlation analysis and pairwise convergence 
analysis. More sophisticated tests were also performed, but they did not provide reliable 
results due to the characteristics of the data. They are therefore not discussed here 
(results are summarised in Appendix 1). 
  
The results for spruce pulpwood showed a relatively weak correlation between prices in 
different countries. This indicates that price development in different countries, at least 
on a monthly level, is not united. Markets may therefore be assumed rather separate. 
One reason for this may be the lack of pulp- and paper industry in some countries. 
Pulpwood has not therefore met domestic demand and pure foreign demand has not 
worked out as assumed in competitive markets. The extensive use of recycled paper in 
some countries may also be one reason for the low correlation. Increasing international 
trade together with some indication of convergence between countries may be a sign of 
development towards more integrated roundwood markets. Moreover, further 
development of the forest industry, especially the pulp- and paper industry in central 
and eastern European countries, may lead to more similar and thereby perhaps more 
integrated roundwood markets in different countries.  
 
Surprisingly, correlation coefficients for spruce sawlogs prices in the studied countries 
were higher than pulpwood price correlations. The highest correlation coefficients were 
as high as 0.84 and over half of all sawlogs correlations were over 0.5. Toivonen et al. 
(2002) used yearly data and interpreted correlations this high as suggesting that price 
behaviour has been quite similar in separate countries. Correlations between Finland, 
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Estonia, Lithuania, Austria and the Czech Republic were high. These results give reason 
to conclude that spruce sawlogs markets have at least some degree of integration. These 
countries are net exporters of sawn timber, whose main market is located in central 
Europe, for example in Germany. Thus, changes in forest product prices in importing 
countries may influence roundwood prices in forest products exporting countries. 
Hänninen et al. (2001) presented some evidence that roundwood price development is 
tied to the price development in forest products markets. There may be several reasons 
why Germany and Norway have low correlations with most of the other countries. The 
German time series data was index data that may contain different types of roundwood 
from the data of other countries in this study. One reason for the weak correlation of 
Norwegian prices may be the different types of price agreements in Norway.  
 
Spruce sawlog prices correlated more during the first sub-period (1995-97) than the 
latter one (1998-2000). One reason for this may be that prices have converged to such 
an extent and at such speed that convergence masks the correlation. Another reason may 
be the storms in 1999, which caused an unexpected increase in the roundwood supply in 
central Europe.  
 
The results are not entirely consistent with those of previous studies (e.g. Mäki-Hakola, 
2002), but may indicate integration between countries. Mäki-Hakola (2002) also noted 
the possibility of some degree of integration, but with the integration being deeper for 
pulpwood than sawlogs. However, the possible integration between Estonia and 
Lithuania were also mentioned in that study.  
 
The competition in north European sawlogs markets may be assumed to be greater than 
in pulpwood markets, which may be one reason for the greater correlation of sawlog 
prices between countries. The differences in results may also be due to the shorter study 
period in the present study. However, as pulpwood is often sold to large foreign 
companies that may have made agreements covering longer periods than one month, 
monthly data may have been too frequent to reveal linkages between countries. The 
strongest correlation was found between Estonian and Lithuanian prices, as has also 
been noted in some previous studies. The roundwood markets may therefore be 
integrated to some extent in the Baltic region. However, confirmation of this 
observation requires further analysis. In correlation analysis it must be remembered that 
an apparent association may also be a result of some other, independent occurrences and 
therefore in reality the connection is missing. 
  
However, there has generally been convergence in spruce prices between the northern 
and central European countries under the study period, i.e. roundwood price levels in 
different countries have approached each other. Price levels in countries in transition 
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have generally approached price levels in Finland, Norway and Austria, and their 
markets are thus possibly developing towards greater integration.   
 
The roundwood prices in the Czech Republic have increased particularly rapidly. This 
has led to the spruce pulpwood price level in the Czech Republic diverging from the 
Baltic prices and approaching price levels in Finland, Austria and Norway.  
 
Price level differences between some countries have remained relatively unchanged. For 
example, results indicate no change in the nominal spruce sawlogs price level 
differences between Estonia and Lithuania. A possible explanation for this is that if the 
markets are already integrated then prices will have moved together and there can be no 
further convergence. 
 
These results must be taken as tentative, because the study method had some 
weaknesses. However some conclusions may be drawn. One is that pulpwood markets 
in particular seem to be segmented rather than integrated. The deepest linkages are 
presumably found between Estonia and Lithuania, and it may be assumed that they form 
a smaller sub-market. According to Toivonen et al. (2002), roundwood markets between 
Finland and Sweden are also integrated to some extent and they may therefore form 
another sub-market. Another conclusion from this study is that price levels in different 
countries seem to have been converging, indicating development towards more similar 
price levels. 
 
Further analysis is needed to confirm the results of this study. Because the available 
monthly time series data covered a relatively short period it would be beneficial to 
repeat this study after a few years when more data are available. 
 
One interesting area of study would be to compare Swedish roundwood prices with 
Baltic prices, as most of the Baltic roundwood exports go to Sweden. Finland mainly 
imports roundwood from Russia and it would also be interesting to compare Finnish and 
Russian prices. However, it is not currently possible to obtain monthly roundwood price 
data from Russia. 
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APPENDIX 1.    Empirical results 
 
Table 1. Results from correlation, regression analysis and Granger causality between 

spruce pulpwood prices in different countries. The test method is described 
in Toivonen et. al (2002). 

 
Pairs Coefficients Model Wald Granger 

causality 
Dependent Explanatory Correlation a b R2 D-W F p F p(F) 

Finland Estonia -0.10 4.86 -0.3 0.01 0.19 850.0 0.00 2.72 0.03* 
Estonia  Finland -0.10 5.90 -0.33 0.01 0.19 11.0 0.00 1.20 0.32 
Finland  Lithuania 0.16 4.57 0.04 0.03 0.18 1290 0.00 0.10 0.99 

Lithuania Finland 0.16 1.08 0.71 0.03 0.09 0.32 0.57 1.75 0.14 
Finland  Germany -0.04 4.86 -0.03 0.002 0.17 173.7 0.00 0.46 0.81 

Germany Finland -0.04 4.99 -0.06 0.002 1.00 34.2 0.00 1.30 0.28 
Finland Austria -0.26 5.79 -0.23* 0.07 0.18 146.1 0.00 2.41 0.05* 
Austria Finland -0.26 6.02 -0.29* 0.07 0.19 98.1 0.00 0.73 0.60 
Finland Czech 0.48 4.11 0.12** 0.22 0.26 971.1 0.00 0.77 0.57 
Czech Finland 0.48 -3.56 1.79** 0.22 0.13 3.99 0.05 1.94 0.10 

Finland Norway -0.34 6.18 0.32** 0.12 0.31 159.5 0.00 0.23 0.95 
Norway Finland -0.34 6.32 -0.37** 0.12 0.80 128.1 0.00 2.60 0.03* 

           
Estonia Lithuania 0.74 1.84 0.56** 0.54 0.36 49.6 0.00 1.90 0.11 

Lithuania Estonia 0.74 0.26 0.96** 0.54 0.26 0.14 0.71 3.92 0.00** 
Estonia  Germany 0.28 1.46 0.62* 0.08 0.37 2.30 0.13 3.29 0.011* 

Germany Estonia 0.28 4.12 0.13 0.08 1.2 281.0 0.00 1.42 0.24 
Estonia Austria -0.07 5.36 0.22 0.01 0.17 11.9 0.00 3.39 0.01** 
Austria Estonia -0.07 4.73 -0.03 0.01 0.18 653.6 0.00 0.68 0.64 
Estonia Czech 0.27 3.17 0.24* 0.07 0.19 54.0 0.00 0.64 0.67 
Czech Estonia 0.27 3.60 0.30* 0.07 0.06 30.1 0.00 2.55 0.04* 

Estonia Norway 0.03 3.96 0.08 0.00 0.18 6.03 0.02 1.553 0.19 
Norway Estonia 0.03 4.54 0.01 0.00 0.66 674.9 0.00 1.22 0.31 

           
Lithuania Germany 0.45 -1.68 1.31** 0.21 0.40 1.01 0.32 1.31 0.27 
Germany Lithuania 0.45 3.97 0.16** 0.21 1.33 517.7 0.00 2.08 0.08 
Lithuania  Austria -0.28 9.6 -1.11* 0.08 0.08 22.4 0.00 1.62 0.17 
Austria Lithuania -0.28 4.94 -0.07* 0.08 0.18 1321.7 0.00 1.27 0.29 

Lithuania Czech 0.52 1.42 0.61** 0.27 0.12 10.4 0.00 1.01 0.42 
Czech Lithuania 0.52 2.91 0.45** 0.27 0.09 40.6 0.00 1.48 0.21 

Lithuania Norway -0.15 7.25 0.62 0.02 0.09 11.24 0.00 0.87 0.51 
Norway Lithuania -0.15 4.75 -0.04 0.02 0.67 1268.7 0.00 0.44 0.81 

           
Germany Austria 0.22 3.28 0.30 0.05 1.04 19.8 0.00 0.77 0.58 
Austria Germany 0.22 3.85 0.16 0.05 0.21 93.4 0.00 0.76 0.58 

Germany Czech 0.34 3.98 0.14** 0.11 1.14 353.2 0.00 0.74 0.60 
Czech Germany 0.34 0.64 0.84** 0.11 0.18 0.03 0.57 0.87 0.51 

Germany Norway 0.12 3.87 0.17 0.01 1.04 24.1 0.00 1.00 0.42 
Norway Germany 0.12 4.18 0.09 0.01 0.69 119.9 0.00 1.27 0.29 

           
Austria  Czech 0.03 4.57 0.01 0.001 0.18 752.9 0.00 0.28 0.92 
Czech Austria 0.03 4.41 0.10 0.001 0.04 5.15 0.03 0.83 0.53 
Austria  Norway 0.34 2.97 0.36** 0.12 0.34 29.3 0.00 3.43 0.01** 
Norway Austria 0.34 3.08 0.32** 0.12 0.82 40.1 0.00 0.27 0.93 

           
Czech Norway -0.28 9.35 0.98* 0.08 0.11 24.4 0.00 2.61 0.04* 

Norway Czech -0.28 4.97 -0.08* 0.08 0.72 1076.5 0.00 1.55 0.19 

Significant at the * 5%, **1% level 
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Table 2. Results from correlation, regression analysis and Granger causality between 
spruce sawlog prices in different countries. The test method is described in 
Toivonen et. al (2002). 

 
Pairs Coefficients Model Wald Granger causality 

Dependent Explanatory Correlation a b R2 D-W F P F p(F) 
Finland Estonia 0.80 3.14 0.34** 0.64 0.40 474.3 0.00 0.81 0.55 
Estonia  Finland 0.80 -4.25 1.89** 0.64 0.37 27.0 0.00 1.23 0.31 
Finland  Lithuania 0.79 3.64 0.22** 0.62 0.30 1448.6 0.00 0.42 0.83 

Lithuania Finland 0.79 -8.44 2.82** 0.62 0.22 47.3 0.00 0.26 0.94 
Finland  Germany -0.15 5.11 -0.09 0.02 0.11 226.3 0.00 0.74 0.59 

Germany Finland -0.15 5.67 -0.24 0.02 0.06 41.2 0.00 0.44 0.82 
Finland Austria 0.41 2.92 0.38** 0.16 0.16 35.3 0.00 0.90 0.49 
Austria Finland 0.41 2.65 0.43** 0.16 0.12 24.7 0.00 0.59 0.71 
Finland Czech 0.76 2.78 0.40** 0.58 0.35 219.7 0.00 0.81 0.55 
Czech Finland 0.76 -2.06 1.16** 0.58 0.28 9.6 0.00 0.84 0.53 

Finland Norway 0.20 3.69 0.22 0.04 0.12 36.4 0.00 0.25 0.94 
Norway Finland 0.20 3.64 0.18 0.04 0.34 58.4 0.00 0.66 0.66 

           
Estonia Lithuania 0.84 1.96 0.55** 0.70 0.35 108.6 0.00 3.24 0.01** 

Lithuania Estonia 0.84 -1.03 1.27** 0.70 0.30 7.37 0.01 2.18 0.07 
Estonia  Germany 0.31 2.61 0.44** 0.09 0.08 11.3 0.00 0.72 0.61 

Germany Estonia 0.31 3.56 0.21** 0.09 0.06 101.2 0.00 0.04 0.99 
Estonia Austria 0.73 -2.96 1.64** 0.53 0.27 12.2 0.00 1.86 0.12 
Austria Estonia 0.73 3.12 0.33** 0.53 0.26 344.8 0.00 2.14 0.07 
Estonia Czech 0.84 -0.32 1.03** 0.69 0.37 0.17 0.68 2.60 0.03* 
Czech Estonia 0.84 1.68 0.67** 0.69 0.33 34.2 0.00 1.18 0.33 

Estonia Norway 0.21 2.13 0.55 0.05 0.10 2.15 0.15 0.32 0.90 
Norway Estonia 0.21 4.13 0.08 0.05 0.35 418.6 0.00 1.15 0.35 

           
Lithuania Germany 0.31 1.72 0.11** 0.10 0.02 1.53 0.22 2.78 0.03* 
Germany Lithuania 0.31 3.85 0.14** 0.10 0.06 277.7 0.00 0.40 0.84 
Lithuania  Austria 0.73 -6.74 2.51** 0.54 0.12 29.5 0.00 1.52 0.20 
Austria Lithuania 0.73 3.58 0.22** 0.54 0.16 1089.6 0.00 1.53 0.19 

Lithuania Czech 0.84 -2.77 1.59** 0.71 0.16 24.2 0.00 0.06 0.99 
Czech Lithuania 0.84 2.61 0.45** 0.71 0.17 265.3 0.00 2.11 0.08 

Lithuania Norway 0.36 -1.60 1.43** 0.13 0.07 0.96 0.33 1.88 0.11 
Norway Lithuania 0.36 4.07 0.10** 0.13 0.38 1039.2 0.00 1.48 0.21 

           
Germany Austria 0.73 -0.66 1.12** 0.53 0.11 0.94 0.34 1.66 0.16 
Austria Germany 0.73 2.50 0.47** 0.53 0.13 100.00 0.00 0.71 0.62 

Germany Czech 0.16 3.87 0.14 0.03 0.06 72.7 0.00 0.42 0.84 
Czech Germany 0.16 3.92 0.19 0.03 0.04 34.5 0.00 0.65 0.66 

Germany Norway 0.26 2.44 0.47* 0.07 0.08 6.64 0.01 0.61 0.69 
Norway Germany 0.26 3.85 0.15* 0.07 0.36 174.5 0.00 0.80 0.55 

           
Austria  Czech 0.68 2.82 0.38** 0.46 0.14 166.0 0.00 0.43 0.78 
Czech Austria 0.68 -0.91 1.23** 0.46 0.11 2.11 0.15 1.59 0.18 

Austria  Norway 0.30 3.06 0.34* 0.09 0.10 24.4 0.00 1.46 0.22 
Norway Austria 0.30 3.32 0.26* 0.09 0.36 56.7 0.00 3.17 0.01* 

           
Czech Norway -0.02 4.93 -0.03 0.00 0.03 17.0 0.00 1.44 0.22 

Norway Czech -0.02 4.55 -0.01 0.00 0.33 312.1 0.00 0.26 0.93 

Significant at the *5%, **1% level 
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APPENDIX 2.  
 
Correlation between spruce sawlog and pulpwood prices in two sub-periods: 1995-
1997 and 1998-2000 (36 observations per sub-period).  
 
Spruce sawlog correlation 

 Finland Estonia Lithuania Germany Austria Czech Norway 
 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00
Finland 1.00 1.00             
Estonia 0.57 0.58 1.00 1.00           
Lithuania 0.83 0.00 0.58 0.02 1.00 1.00         
Germany 0.30 -0.89 0.78 -0.48 0.41 0.03 1.00 1.00       
Austria 0.36 -0.89 0.64 -0.58 0.54 0.05 0.79 0.95 1.00 1.00     
Czech 
Republic 0.41 0.44 0.10 0.37 0.68 -0.18 -0.07 -0.30 0.30 -0.41 1.00 1.00   
Norway 0.56 0.32 0.74 0.06 0.78 0.52 0.74 -0.26 0.77 -0.16 0.44 -0.11 1.00 1.00
 
Spruce pulpwood correlation 

 Finland Estonia Lithuania Germany Austria Czech Norway 
 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00 95-97 98-00
Finland 1.00 1.00             
Estonia -0.45 0.39 1.00 1.00           
Lithuania -0.27 -0.17 0.77 0.09 1.00 1.00         
Germany -0.26 -0.07 0.23 -0.12 0.36 0.23 1.00 1.00       
Austria -0.49 0.42 -0.07 0.24 -0.37 -0.14 0.28 0.30 1.00 1.00     
Czech 
Republic -0.03 0.34 -0.53 0.44 -0.54 0.03 0.07 0.23 0.57 0.37 1.00 1.00   
Norway -0.40 0.39 0.22 0.24 0.14 -0.07 0.34 0.08 0.34 0.28 0.09 0.16 1.00 1.00
 


