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ABSTRACT 

 

 

 

 

The purpose of this study was to examine the factors affecting the trade flow on forestry 

products within the European Union. A gravity model was used to estimate the factors 

affecting the trade flow. The study used a panel data set with observations of two forestry 

commodities between 28 EU member countries over the years 2005 to 2014. The 

commodities are Wood chips and particles and Industrial roundwood. The parameters are 

estimated with fixed effects, the result indicated for Wood chips and particles that 

exporting countries GDP affect the trade flow positivly (0.64) and the importing countries 

GDP affect positively aswell (0.36). For Industrial roundwood the exporting countries 

GDP affect the trade flow negatively (-0.69) and the importing countries GDP affect 

positively (0.80). With the estimated parameters a forecast of Wood chips and particles 

over the years 2015 to 2020 was made, the forecast indicated an increase in the trade flow 

value with 27.2%.      



SAMMANFATTNING 

 

 

 

 

Syftet med denna studie var att undersöka vilka faktorer som påverkar handeln med 

träråvaror inom den Europeiska Unionen. En gravitationsmodell användes för att estimera 

de faktorer som påverkar handelsflödet. Ett paneldata set med observationer av två olika 

träråvaror mellan 28 EU-länder över åren 2005 till 2014 användes. Träråvarorna är Träflis 

och partiklar samt Industriellt rundvirke. Parametrarna estimerades med fixed effects och 

resultatet visade för Träflis och partiklar att det exporterande landets BNP påverkar 

handelsflödet positivt (0,64) samt att det importerande landets BNP påverkar 

handelsflödet positivt (0,36). För Industriellt rundvirke påverkar det exporterande landets 

BNP handelsflödet negativt (-0,69) samt att det importerande landets BNP påverkar 

handelsflödet positivt (0,80). En prognos av Träflis och partiklar över åren 2015 till 2020 

gjordes med de estimerade parametrarna, prognosen visade en ökning i värdet av 

handelsflödet med 27,2%.
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CHAPTER 1 

INTRODUCTION 

 

 

 

 

1.1 Problem description 

The forestry industry can play a big role when our society goes from fossil-based 

economy to a biobased economy, which is an important step towards reducing the CO2 

emissions. Both when the forest is growing and when harvested, while growing the forest 

bind carbon dioxide which helps greenhouse gas reductions and can later be used as a 

renewable energy source when harvested. It has been argued that many forestry products 

can be recycled and the emissions to produce forestry products is often less than the 

production of other substitutes such as metals, plastic and concrete (Colombo & Ogden, 

2015).  

 

In 2010 the European Union (EU) established five targets for economic growth until year 

2020, these are regarding (1) employment, (2) research and development, (3) climate 

change and energy, (4) education, (5) poverty and social exclusion. Forestry products is 

a renewable energy source which stands for a major part of the renewable energy supply 

and six percent of the total global energy supply (FAO, 2016a). Due to target (3) were 

renewable energy sources should account for 20% of the energy, forestry product trade is 

interesting to examine. 

 

Trade with forestry products can help several EU countries to achieve their national 

targets regarding the use of renewable energy sources. In an auturky situation where no 

trade exists, it may be problematic to have a usage of renewable energy sources retrieved 

from forestry products for countries with no standing forest or forestry production. Trade 

can therefore influence the growth targets by allowing countries with no domestic 

production of forestry products import and therefore enable the country to use renewable 

energy sources in form of forestry products, which is not availiable without trade.  

 

With the introduction of these five headline targets the trade with forestry products should 
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increase, this since the targets should motivate the EU member countries to increase the 

usage of renewable energy sources. Trade tends to generate a cost efficent solution, where 

countries with comparative advantages in producing forestry products should produce the 

most, this according to neoclassical theory.  

 

1.2 Objective and method of the study 

This particular field of study is important because an increased use of forestry products 

can reduce the CO2 emissions. If the use of forestry products increases, the trade should 

also increase and therefore it is interesting to examine the future trade flow on forestry 

products. 

 

The main purpose of this study is to estimate the affect of the magnitude of the trading 

economies on the trade flows of forestry products in the European Union. 

 

In addition, the study also aims to make a forecast of the trade flow for the years 2015 to 

2020 based on economic growth projections. This study is quantitative and has an 

econometric approach to estimate the trade flow between the countries. Multiple 

regression analysis will be used to estimate the explanatory variables in the gravity 

equation. The parameters will be estimated using panel data with fixed effects. 

 

1.3 Scope of the study 

The study is limited to the 28 members countries in the European Union and the study 

chooses to examine the trade flow of forestry products for the years 2005 to 2020. The 

study defines the forestry products to Wood chips and particles (HS4401) and an 

aggregated industrial roundwood variable including coniferous roundwood, non-tropical 

coniferous roundwood and non-tropical non-coniferous roundwood (HS4403).   

 

1.4 Outline of study 

This study is outlined as followed, in chapter two a descriptive background on forestry 

product trade in the EU is presented followed by the theoretical framework in chapter 

three. Chapter four includes previous relevant literature on the topic followed by chapter 

five which covers the empirical specifications. Chapter six contains the results followed 

by chapter seven were there are conclusions and discussions based on the results.   
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CHAPTER 2 

BACKGROUND 

 

 

 

 

This chapter will present a background and an overwiew of the forestry industry in the 

EU. In addition, a description of the economic growth targets until year 2020 is presented. 

The chapter also includes GDP growth over time.   

 

2.1 Forest resources in the EU 

In 2015, forests and other wooded land in the EU covered roughly 182 million hectares, 

which corresponds to about 41% of the total land area (European Union, 2017). Figure 1 

illustrates each country’s forest area in proportion to total area of the country.  

 
Figure 1. Forests and other wooded land as a part of total area year 2015 

Source: The World Bank & Eurostat 

 

Figure 1 indicates that Sweden, Spain, Finland and France has significant more forests 

and other wooded land than other EU members. Finland and Sweden has the strongest 

concentration of forests and wooded land as part of total area, as it is 76% for Finland 

respectivly 75% for Sweden. Other countries with high concentration but lower total area 

of forests and other wooded land is Slovenia (63%), Estonia (58%) and Latvia (56%).  
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United Kingdom belongs to the countries with large total area but has significantly lower 

area of forests and other wooded land, only a concentration of 13%. Malta and 

Luxembourg are the smallest countries in the EU, their area of forests and other wooded 

land is therefore small, but the concentration differs. The concentration is 1% for Malta 

and 33% for Luxembourg.  

 

In Figure 2 the standing forest in m3 are presented. Germany, Sweden, France, Poland 

and Finland are the countries with substantial more volume of forest and other wooded 

land. 

 
Figure 2. Standing forest in m3 year 2010 

Source: Eurostat, 2017  

 

2.2 The definition and use of HS4401 and HS4403 

Wood chips and particles (HS4401) is wood that has been reduced into small pieces from 

wood in the rough or from industrial residues suitable for pulping, particle board, 

fibreboard production and fuel wood. Industrial roundwood (HS4403) is products such 

as sawlogs or veener logs and pulpwood. Where material of sawlogs and veener logs is 

to be sawn lengthwise for the making of sawnwood or railway sleepers. The pulpwood is 

used for the making of pulp, particle board or fibreboard (FAO, 2017).  
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2.3 Forestry production in the EU  

In Figure 3 the total Industrial roundwood (HS4403) and Wood chips and particles 

(HS4401) production from 1990 to 2015 is illustrated. The production of Industrial 

roundwood in the EU area experienced a decrease in 2008, this could be explained by the 

financial crisis (European Union, 2017). Before the crisis it had been a rather constant 

rise in the level of Industrial roundwood production from 1991 to 2007. For the years 

1990 to 1997 there is no existing data on production of Wood chips and particles. Since 

2000 the production has been fairly steady around 50 million m3 per year.  

 
Figure 3. Industrial roundwood and Wood chips and particles production in the 

EU, 1990 – 2015 
Source: FAOSTAT, 2017 

 

As presented in Figure 3, there are some years with decline in the production of Industrial 

roundwood (HS4403). These declines can be explained by macroeconomic changes, for 

example unemployment and inflation. The big increase in production can partly be 

explained by the storms occuring 2000, 2005, 2007 and 2010, which caused trees to fall 

and therefore unplanned felling (European Union, 2017). 

      

2.4 Production and export of HS4403 and HS4401  

Since the study focusess on two forestry items, an overview of the production in year 

2015 of both items are presented in Figure 4 respectivly Figure 5.  
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In Figure 4 the production quantity of Industrial roundwood (HS4403) is presented for 

each EU member, where Sweden, Finland, Germany and Poland is the countries that 

produces the most. Not surprising since the mentioned countries all have high 

concentration and high amount of forest and other wooded land.    

 
Figure 4. Production of Industrial roundwood year 2015 

Source: FAOSTAT, 2017 

 

Sweden with 67.3 million m3 production of Industrial roundwood is the biggest producer 

in the EU, followed by Finland, Germany and Poland with a production of 51.5, 45.1 and 

36.6 million m3 respectively. Netherlands, Greece, Luxembourg, Cyprys and Malta all 

produce less than one million m3, where Malta do not produce any Industrial roundwood 

at all. For the time period 2005 to 2015 Sweden has been the largest producer, followed 

by four countries, Finland, Germany, Poland and France. For the same time period Malta 

has zero production every year. The following countries Cyprus, Luxembourg, Greece 

and Netherlands have for the whole time period low production.  

 

In Figure 5 the produced quantity of Wood chips and particles (HS4401) is presented. 

Compared to Industrial roundwood (HS4403) the production is smaller, the countries 

with the most production is Sweden, Germany, Finland and France.  
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Figure 5. Production of Wood chips and particles year 2015 

Source: FAOSTAT, 2017 

 

Sweden with 10.3 million m3 production of wood chips and particles is the biggest 

producer in the EU, followed by Germany, Finland and France with a production of 10.2, 

8.3 and 6 million m3 respectively. Denmark, Netherlands, Greece, Cyprys and Malta all 

produce less than 0.2 million m3, where Malta do not produce any Wood chips and 

particles at all. For the time period 2005 to 2015 Sweden has been the largest producer 

except year 2014 where Germany stood for the largest production. In the same time period 

Malta has zero production, in 2005 Greece had a zero production aswell. The production 

varies over the time period for the low-producing countries.   

 

2.5 Economic development in the EU 

A measurement of a country´s economic size is gross domestic product (GDP). In Figure 

6, the development of GDP for the EU members over the years 2005 – 2014 is presented 

as the solid line and the projected GDP over the years 2015-2020 as the dashed line.  
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Figure 6. GDP development, 2005 – 2020  

Source: IMF, 2017 

 

Five countries has significant higher GDP these are Germany, United Kingdom, France, 

Italy and Spain. As presented in Figure 6, there is tendencies between GDP and the 

geograpical location of the country, countries with low GDP tends to be located in the 

eastern Europe and countries in western Europe tends to have higher GDP. Notice a 

common trend for all the countries in the development of GDP, since the global economy 
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crisis in 2008 GDP has increased in a steady pace. The International Monetary Fund 

(IMF) predicts a rise in GDP for the upcoming years aswell.    

 

2.6 EU energy and climate policy 

In 2010, the EU began the Europe 2020 strategy for growth and jobs for a smart, 

sustainable and comprehensive future. To achieve these overall targets all nations have 

been given national targets that reflect each nations possibilities. The targets are in the 

areas of employment, researh and development, climate change and energy, education 

and poverty reduction (Eurostat, 2015), these targets are futher on referred as EU 202020-

targets. The area of intrest in this study is climate change and energy since forestry 

products is a part of the renewable energy supply.  

 

The objective concerning climate change and energy, is divided into three separate 

targets. The three targets are: 

 

- 20% lower greenhouse gas than the levels in 1990 

- 20% of the energy should come from renewable energy sources 

- 20% increase in energy efficiency 

 

In 2010 when the EU 202020-targets where presented the greenhouse gases had dropped 

by 14.3% since 1990. In 2012 the greenhouse gas emissions had fallen by 17.9% since 

1990. This is an indication that the EU was progressing well towards the 20% reduction 

target. The share of energy that comes from renewable energy sources has increased from 

10.5% to 14.1% between 2008 to 2012. The largest contributors to this has been biofuels, 

which in 2012 consisted of half the gross inland consumption of renewable energy. In 

2012 the share of renewable energy in the total energy consumption was 5.9% lower than 

the target of 20%. Between the years 2008 and 2012 the energy consumption fell by 6.2% 

and will need to fall by 6.4% further to achieve the goal of 20% increase in energy 

efficiency (Eurostat, 2015). 
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CHAPTER 3 

THEORETICAL FRAMEWORK 

 

 

 

The objective of this chapter is to present the theoretical foundation for international 

trade, which generally includes a presentation of theories about trade between two parties. 

Over time, several theories has been presented which tries to explain the important 

question why countries trade. The presented trade theories are explaining why trade 

occurs and which countries should trade with eachother. The gravity model aims to 

estimate how much each country should trade with eachother, so therefore the trade 

theories lays a ground for the gravity model. The gravity model is generated from the 

physics viewpoint, the Newton law of gravity. 

 

3.1 The Ricardian model: Comparative advantages 

The Ricardian trade theory states that the determinant factor of trade is relative costs of 

production amongst countries. The cause of trade with each other is therefore comparative 

advantages between countries. The theory assumes two countries, one home country and 

one foreign country, with two goods which needs different labor per unit of production 

denoted as 𝑎- (home country) and 𝑎-∗	 (foreign country) for good 1, 𝑎0 (home country) 

and 𝑎0∗  (foreign country) for good 2. The model also assumes only one production factor 

which is labor, the total labor force is denoted as (𝐿). Labor can move freely between the 

two industries within a country but not over countries. Workers are paid the value of the 

marginal product, each country will produce both goods if the relative price equals the 

relative labor needed per unit of production (𝑝-/𝑝0 = 𝑎-/𝑎0) (Feenstra, 2004).  

 

Figure 7 illustrates the model, where the production possibility frontiers (PPFs) for the 

countries is displayed. The PPFs is deducted by using all the labor to produce good 1 and 

good 2, which gives the intercepts 𝐿/𝑎- and 𝐿/𝑎0. Under autarky the home country will 

produce the amount of good 1 and good 2 where the indifference curve tangents the PPF, 

in point A. Likewise for the foreign country in point A*. Now suppose that the home 

country have an comparative advantage in producing good 1, implies that a-/a0 < a-∗/a0∗  

and that the relative price is lower in the home country than the foreign. The home country 
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is specialized in good 1 and is the only good that will be produced. Vice versa for the 

foreign country, they specialize in the production of good 2 and that is the only good they 

produce, points B and B*. If now the model opens up for trade the home country will 

export good 1 and import good 2, the foreign country will export good 2 and import good 

1. They trade at the relative price to obtain consumption at points C and C*.    

Both countries have it better off with trade, due to more consumption than in the autkarky 

case. Trade occurs if one country have a comparative advantage. An important point to 

note is that this occurs also if one country have an absolut disadvantage, where 𝑎- > 	𝑎-∗ 

and 𝑎0 > 	𝑎0∗ . Meaning that more labor is needed in the production of both goods at home 

than abroad (Feenstra, 2004). 

 

According to the Ricardian trade theory, change in forestry product trade is explained by 

comparative advantages in the production of forestry products. Countries specializes in 

goods where they have a comparative advantage against other countries. The trade occurs 

since the country with non-comparative advantage in forestry production still demand 

forestry products but do not produce enough, so therefore they will import the good.   

 

3.2 The Heckscher-Ohlin theory 

The Heckscher-Ohlin theory is a well-known and used economic instrument to explain 

international trade. The basic thought of the theory is that countries specializes in 

Figure 7. The Ricardian Model 
Source: Feenstra, 2004 
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production of a certain good based on their differences in factor endowments. Via this the 

theory aims to predict the trade patterns (Feenstra, 2004).   

 

The model assume two countries and two production factors (capital and labor). Countries 

have comparative advantages in either labor or capital, this will lead to countries 

specialized in labor intensive goods or capital intensive goods (Dornbusch et al., 1980). 

In Figure 8 the autarky equilibrium case in points A and A* is the domestic production 

without trade. If the model opens up for trade, the home country who is better at producing 

capital intensive goods produces now in point B, were they produce more of good 1. The 

foreign country who is better at producing labor intensive goods now produces in point 

B*, were they produce more of good 2. The countries will now have an supply surplus of 

their specialized good and an demand surplus for the other good. Since the model contains 

only two countries the demand surplus in one country corresponds with the other 

country’s supply surplus. Ending up in points C and C* with trade, were the countries are 

better off than in the autarky case (Feenstra, 2004). 

 

 

Stay and Kulkarni (2016) draw the conclusion that countries that is fundamentally 

different from each other will trade. A country that depends on its capital tends to be a 

more industrialized nation, in contradiction to a country that depends on its labor force, 

Figure 8. The Heckscher-Ohlin Model 
Source: Feenstra, 2004 
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which seems to be more of a developing nation. So, according to Stay and Kulkarni 

(2016) industrialized nations and developing nations should trade with each other.  

 

According to the Heckscher-Ohlin trade theory, change in forestry product trade is 

explained by factor endowment differences in countries. In the forestry industry an 

important production factor besides capital and labor is forest. Countries have different 

amount of the production factor forest and this will have impact on production 

possibilities. Since the forest industry is capital intensive (KSLA, 2015) countries with 

possession of the production factor forest and that specializes in capital intensive goods 

will produce forestry products. The trade occurs when countries who have low amount of 

the production factor forest demand forestry products. 

 

3.3 The Monopolistic competition model 

The Monopolistic competition model was first introduced by Paul Krugman (1979). The 

model is derived from the Chamberlinian monopolistic competition where the 

Monopolistic competition model is based on (𝑁) number of products which are 

endogenously determined. There is a fixed number of consumers (𝐿), each with the same 

utility function for all 𝑁 goods. There is only one production factor, which is labor (𝑙) 

and every good will be produced with the same cost function. With a fixed cost and an 

constant marginal cost (MC), meaning that the avarage cost (AC) will decrease with 

output. Output of each good equals the sum of individuals consumption, the individuals 

identifies as workers so the output is the total labor force times the consumption of the 

specific good. The model assumes full employment and that firms maximizes its profits 

with free exit and entry so the long run profit will always be zero (Krugman, 1979). 

 

To explain the model, suppose that two identical countries move towards free trade were 

there will be rational to trade. In contrary to the Heckscher-Ohlin theory where no trade 

will occur. This since firms produce differentiated products, so in a country this will lead 

to exports of goods but also imports of the same goods so the competition will increase 

from firms abroad. This since monopolistic competition assume that firms produce where 

the marginal revenue equals marginal cost (𝑀𝑅 = 𝑀𝐶) and free entry. In the long run 

there will be zero profits, meaning that the price equals the average cost (𝑃 = 𝐴𝐶). This 

increase in competition will lower the price as expected from micro theory. Having two 
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identical countries is just like doubling the population	𝐿, but since there now are more 

products to buy the expenditure will be spread over more commodities. But even if the 

output in a country will increase, the number of varieties produced in each country will 

decrease with trade. The full-employment condition for each country looks like this: 𝐿 =

𝑁(𝛼 + 𝛽𝑌).	Where 𝑁 is the number of products, 𝛼 is the fixed labor input needed for 

production, 𝛽 is the marginal labor input and 𝑌 is the produced output. Since 𝐿 is fixed 

and output increases, this must mean that varieties 𝑁	will fall. Implying that firms exploit 

economies of scale, the number of firms in each country will be reduced (Feenstra, 2004). 

 

According to the Monopolistic competition model, change in forestry product trade is 

explained by differentiated goods. Countries produce the same forestry product but it is 

differentiated from each other, for example a furniture can be made in different sorts of 

wood. This makes the product differentiated, both in the aspect of durability and design. 

Since there is demand for these differentiated forestry products in a country, trade occurs. 

 
  



 

 15 

CHAPTER 4 

LITERATURE REVIEW 

 

 

 

 

The objective of this chapter is to present previous relevant literature on the topics; gravity 

models and estimation of trade flow between two parties. In section 4.2 the general 

literature covering the gravity model will be presented and discussed, how previous 

studies have structured the model and which data have been used. In section 4.3 literature 

regarding gravity models implemented on forestry is reviewed. 

 

4.1 Databases and keywords on existing literature  

When searching for previous literature the databases used are Web of Science and Google 

Scholar. The keywords used has been: “gravity model”, “forestry products”, 

“international trade” and “trade flow”. Table 1 summarizes the literature discussed in this 

chapter. 

  

4.2 General gravity model  

4.2.1 Previous literature using a gravity model 

Anderson (1979) argue that the gravity equation has been the most common empirical 

tool to estimate trade throughout the last decade. It has been used for several goods and 

factors for international trade. The purpose of Anderson (1979) is to explain how goods 

and the gravity model is connected in theory. The author concludes that the gravity 

equation is useful during measurements between countries where the structure of goods, 

structure of trade taxes and transport costs are fairly similar. 

 

Anderson (2010) describes the gravity model as the leading empirical model in economics 

regarding international trade flow. According to the author the gravity model has 

developed over time and has recently become a respected economic theory. The paper’s 

objective lies in the theory of the gravity model, the author discusses the benefit of 

combining the theoretical foundations of gravity into practice due to greater estimations 

and interpretation of three-dimensional relations. Although the theory has been accepted 



 

 16 

as an economic theory the author believes that the work on the gravity model is not done 

yet, so a conclusion is that future research needs to be done on the model. Except that, 

the paper mentions that the gravity model has proved how well it deals with data on 

distribution of goods and it seems to perform at any level. 

 

Feenstra et al. (2001) investigate if alternative theoretical models of trade differs from the 

gravity model when we have a homogenous or differentiated good and if there are any 

barriers to entry. They concluded that with no entry barriers the export is more sensitive 

to its own income than their trading partner’s income. With just one firm in each country 

the export is more sensitive to the trading partner’s income than its own income. The 

gravity equation can be used for both differentiated and homogenous goods but it leads 

to different home market effects, which Krugman (1980) states is when the export 

elasticity is bigger with respect to the exporters income than with respect to the importers 

income. 

 

Stay and Kulkarni (2016) investigates how the trade flow between United Kingdom (UK) 

and their trading partners is influenced by colonial history and membership in the 

European Union. The purpose of the study was to test the validity of the gravity model, 

by examine UK and her trading partners. The authors states that the gravity model does 

a great job in predicting the trade flow for UK and her trading partners. The study 

concludes that the trade UK have with former colonial countries are significantly higher 

than the expected trade using the gravity model.  If trading with a member in EU the study 

show that the difference between actual and expected trade are 0.11% higher for non-EU 

countries. Frankel and Wei (1993) also examines how the trade flow are affected by trade 

blocs using a gravity model in Europe, the Western Hemisphere, East Asia and the 

Pacific. They extend the results of previous studies on these subjects by arguing for 

positive effects on the trade when being a part of a trade bloc. The estimates show that a 

country that joined the European Commission in 1980 would have an increased trade with 

other intra-region partners with 68%. 

 

4.2.2 The structure of the gravity model in previous literature 

Stay and Kulkarni (2016) uses the most fundamental gravity model which includes 

measurements of trade flow, economic size and distance. Structured as followed: 
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 𝑇JK = 𝐴	(LM×LO
PQRSMO

) (1) 

 

where 𝑇JK is the trade volume between country	𝑖 and 𝑗, 𝐴 is a constant, 𝑌J and 𝑌K is the 

economic size for respective country and 𝐷𝐼𝑆𝑇JK is the distance between the two 

countries. Stay and Kulkarni (2016) uses GDP as a measurement of economic size which 

has a positive relationship to the trade and the distance an inverse relationship to the trade. 

Anderson (2010) uses a similar structure, but does not use a constant and square the 

distance variable. Anderson (1979) uses a similar gravity equation as equation (1) but has 

a variable for the population in country 𝑖	and 𝑗.  

 

Feenstra et al. (2001) compare alternative theories of trade, such as the Armington model, 

monopolistic-competition model and oligopoly model, with the gravity model. They use  

a logarithmic gravity model, and uses a similar gravity equation as equation (1). The 

authors has three dummy variables, one for a common border, one for common language 

and one for free trade agreement. They also include a variable for the remoteness of 𝑗, 

given 𝑖, equal to GDP-weighted negative of distance.  

 

Frankel and Wei (1993) uses an logarithmic gravity model to examine how the trade flow 

is affected by trading blocs, they use the same structure as equation (1) but uses gross 

national product (GNP) as a measurement of economic size, they also include the GNP 

per capita for country 𝑖 and 𝑗, and four dummy variables representing common boarder 

and three different regional groupings. 

 

McCallum (1995) uses a border dummy to investigate the trade for Canada and how the 

trade is affected if crossing the border to US. The border affects the trade negatively, in 

a borderless world the trade between Canada and US would increase to 43% rather than 

24% as of now. The conclusion is that national borders has a significant negative effect 

on continental trade. Anderson & Van Wincoop (2003) also uses a border dummy to 

estimate the trade effects of national borders. They found that the border between the US 

and Canada reduces the trade by about 44% and other industrialized countries with about 

30%. This result adds to what McCallum (1995) concludes. 
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Silva and Tenreyro (2006) argue that the elasticities of the parameters in the basic log-

linearized gravity equation estimated by OLS under heteroscedasticity suffer from bias. 

This since the Jensen’s inequality, 𝐸 𝑙𝑛 𝑦 ≠ 𝑙𝑛 𝐸 𝑦  which says that the expected value 

of the logarithm of a random variable is different from the logarithm of its expected value. 

To address this problem the authors suggest a Poisson pseudo-maximum-likelihood 

method. With this method the study gains significant differences in the result unlike using 

a log-linear method. The authors also discuss the problem with zero values, in many cases 

these zero values appear when there is no trade between two countries in a specific 

period/year. This is not a rare occasion since all countries do not trade with each other. 

This is a problem and previous empirical studies drop the pairs with zero trade from the 

data set. 

 

4.2.3 The use of data in previous studies 

Stay and Kulkarni (2016) uses data on the total trade volume for UK and GDP for 177 of 

the UKs trading partners in 2004. The 177 countries selected are countries with consistent 

trade with UK and available GDP data for 2004. The trade data were collected from her 

Majesty’s Revenue and Customs Ministry and GDP data were retrieved from the World 

Bank’s data base. The trade value and GDP are denoted in current U.S. dollars. An initial 

smaller handpicked data set was used but the result proved to be too spurious to be taken 

into consideration.  

 

Feenstra et al. (2001) uses a sample of over 110 countries but due to missing GDP data 

for some years, the sample size differs over the years. The GDP data are collected from 

the Penn World Table 5.6. The data for the distance variable is calculated as the shortest 

distance between the capitals. The authors use cross-sectional data for 1970, 1975, 1980, 

1985 and 1990.  

 

Frankel and Wei (1993) examines two different effects on trade with the gravity model, 

trade blocs and currency blocs. To estimate the effect from currency blocs the authors do 

not use a gravity model which makes the data irrelevant for this study. The sample for the 

trade blocs contains 63 countries, the distance is calculated as the log of distance between 

the two major cities in the respective countries. As a measurement for economic size the 

authors use GNP and GNP/capita.  
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4.3 Implementation of the gravity model on forestry products 

Buongiorno (2015) studies the effects the introduction of the monetary union in Europe 

had on the trade flow on forestry products. The objective was to determine if the monetary 

union had affected the trade of forestry products. A gravity model is used for estimating 

the trade for three commodities HS44 (wood and articles from wood), HS47 (pulp of 

wood, fibrous cellulosic material, waste, etc.), HS48 (paper and paperboard). The data 

used was panel data for bilateral trade between 12 Euro countries from 1988 to 2013 

collected from the UN comtrade database. The annual data on GDP for the respective 

countries were obtained from the World Bank development indicators database from 

1998 to 2013. There was no zero trade in the data set for any country pair, meaning that 

all the countries in the sample traded with each other over the whole time series. The 

model used here looks like this: 

 

 𝑇JK] = 𝑓(𝐺𝐷𝑃J], 𝐺𝐷𝑃K], 𝐼JK, 𝐸JK], 𝑡) 

 

(2) 

where 𝐼JK is a time-invariant variable regarding distance between countries, length of 

common borders and shared language etc., 𝐸JK] is a variable regarding the use of the Euro 

in country	𝑖	and 𝑗, 𝑡	is a variable regarding all trade flow in a year that is independent of 

GDP and the time-invariant variable. The model was structured in differential form and 

thus eliminating the time-invariant effects, the difference in each country pair that remain 

constant over time. The parameters were estimated using OLS and fixed effects methods. 

The author found that the trade had increased for all products and countries after the 

introduction of the monetary union. The annual growth rate for these three commodities 

aggregated was 6.8% ± 1.3%, for HS44 the annual growth rate was 14.8% ± 3.3%, for 

HS47 the annual growth rate was 14.9% ± 4.7%, for HS48 the annual growth rate was 

2% but not statistically significance that the monetary union had affected the trade. 

 

Buongiorno (2016) studied forestry product trade flow and made forecasts of the value 

of trade between member countries in Trans-Pacific Partnership (TPP) for three forestry 

product types. The main objective is to test forestry products generality and use the results 

to forecast future trade flow and policy analysis. The data used was panel data for bilateral 

trade from 2005 to 2014 on the same commodity groups that were studied in Buongiorno 

(2015). The data was obtained from the UN comtrade database and the annual data for 
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GDP was obtained from the World Bank development indicators database from 2005 to 

2014. Data on projected GDP was collected from the International Monetary Fund from 

2015 to 2020. The model used is structured as equation (2), except for one difference, it 

does not have a variable for the Euro effect. The estimation methods used is OLS, fixed 

effects and random effects, which all gave equal results on the estimated parameters for 

all three forestry products. Via the regression results and the derived elasticities, forecasts 

about future trade flow between the countries from 2015 to 2020 was made. All three 

commodities where predicted to grow and the result suggested an uplift in the forestry 

product trade flow since a decrease in 2005 to 2014.  

 

Akyüz et al. (2010) examines the trade currents on forestry products between Turkey and 

the EU countries using a gravity model. The objective of the study is to examine the effect 

of variables studied, to determine how well Turkey is ready to join the EU. Since Turkey 

has been trying to join the EU for over 40 years. The trade flow data used in the study is 

panel data from 2000 to 2006, the data were collected from the FAOSTAT database. Data 

on countries population and GDP were obtained from the World Development Indicators 

database for the given years. Via the CEPII website data on distance between countries 

were gathered. The authors uses a logarithmic gravity equation similar to equation (1) but 

has a variable for population and three dummy variables for common border, common 

language and membership in EU before 2004. The results of the study shows that Turkey 

is below its potential export with EU countries, the total avarage export value is 

74,221,572$ and its potential according to the study is 269,695,190$. They conclude that 

it would be benefitial for both Turkey and the EU members if Turkey joins EU.  

 

Kangas and Niskanen (2003) examines the trade volume and the determinants of trade 

with forestry products between the EU countries and the Central and Eastern European 

(CEE) countries. The focus of the study lies in the changes of trade with forestry products 

in the 1990s, more precisely the trade volume and geograpical structure of CEEC 

candidates. The candidates examined are Bulgaria, Czech Republic, Estonia, Hungary, 

Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia. The data on trade flow with 

forestry products for 1997 was collected from the EFI/WFSE Forest Products Trade Flow 

Database. The cross-sectional data set consist of trade between 15 EU countries and 10 

CEEC and has 498 unique observations. From the World Bank Development Indicators 
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data on income and population was collected, as measurment of economic size GDP and 

GDP per capita is used. Making the model used in the study look like this: 

 

 
𝑇JK = bb(𝐺𝐷𝑃J)

bc(𝐺𝐷𝑃K)bd(
𝐺𝐷𝑃J
𝐿J

)be(
𝐺𝐷𝑃K
𝐿K

)bf(𝐷𝐼𝑆𝑇JK)bg(𝐴JK)JK
bh(𝐶JK)bi 

 

(3) 

where 𝐿J and 𝐿K is the population in the exporting and importing country, 𝐴JK and 𝐶JK is 

dummy variables for common border and if trade occurs between a EU country and a 

CEE country. The method used in the study was OLS estimates with a logarithmic 

transformed gravity equation. The result showed that the trade and production of forestry 

products under the 1990s increased in CEE countries. According to estimates with the 

gravity model, the trade between EU countries and CEE countries has not reached its 

expected value. 

 
Table 1. Review of Literature 

Author Publishing Year Objective Results 

Anderson 1979 Explaining the connection 
between goods and gravity 
model in theory 

The gravity equation is the 
most useful measurement 
regarding trade flow of 
goods 

Anderson 2010 Theory of the gravity model Gravity deals well with data 
on distribution of goods 

Silva and 
Tenreyro 

2006 Show that the elasticities of 
the parameters in the basic 
log-linearized gravity equation 
estimated by OLS under 
heteroscedasticity suffer from 
bias 

To address this problem the 
authors suggest a Poisson 
pseudo-maximum-likelihood 
method 

Feenstra et al. 2001 Investigate if other alternative 
theories of trade differ from 
the gravity model with a 
homogenous and 
differentiated good  

Leads to different home 
market effects 

Stay and 
Kulkarni 

2015 Test the validity of the gravity 
model and investigates how 
the UK and their trading 
partners trade flow is 
influenced by colonial history 
and EU-membership 

The trade UK have with 
former colonial countries are 
significantly higher than the 
expected trade using the 
gravity model 

Frankel and 
Wei 

1993 Examine how the trade flow is 
affected by trading blocs and 
currency blocs 

Increase in trade with other 
intra-region partners with 
68%, stable exchange rates 
in the intra-region tend to 
increase the trade within the 
bloc 
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Buongiorno 2015 Determine if the monetary 
union had affected the trade of 
forestry products 

The trade had increased for 
all products and countries 
after the introduction of the 
monetary union 

Buongiorno 2016 Test forestry products 
generality and use the results 
to forecast future trade flow 
and policy analysis 

All three commodities 
observed where predicted to 
grow and the result 
suggested an uplift in the 
forestry product trade flow 

Akyüz et al. 2010 Examine the effect of 
variables studied to determine 
how well Turkey is ready to 
join EU 

It would be benefitial for 
both Turkey and EU 
members if Turkey joins EU 

Kangas and 
Niskanen 

2003 Examine trade and factor 
determinants of trade on 
forestry products between EU 
and CEE countries  

The trade between EU and 
CEE countries is below the 
expected level according to 
the gravity model 

 

4.4 Conclusion based on previous literature 

When investigating trade flow between countries, the most standard method used since 

the 1970s is the gravity model. But the model itself has not been fully accepted in the 

scientific community because of its low theoretical explanation, though the model has a 

strong empirical foundation. The simplest form of the gravity equation explains the trade 

flow between countries well, but by adding dummy variables for e.g. distance, trading 

bloc (EU) etc. the model gains explanatory power. Studies has been made with both 

simple forms of the gravity equation and with a developed gravity equation including 

dummy variables. The estimations become more precisely and reliable when using a 

developed gravity equation and adds more explanatory power over the trade flow.    

 

Studies have discussed how well the gravity model estimates the trade flow value of a 

certain product between country i and country j (Anderson, 1979; Anderson, 2010; Stay 

and Kulkarni, 2015; Frankel and Wei, 1993). But only a few studies have estimated the 

forestry product trade flow value (Buongiorno, 2015; Buongiorno, 2016; Akyüz et al., 

2010). One area where the forestry products trade flow have not been studied is trade 

flow within the EU, which this study implies to do. All the previous studies made on 

forestry products have used an logarithmic gravity equation and taking variables as 

common borders, common language and distance into consideration. But in different 

approaches, Buongiorno (2015) and Buongiorno (2016) via a time-invariant variable, 

Akyüz et al. (2010) and Kangas and Niskanen (2003) via dummy variables. 
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CHAPTER 5 

EMPIRICAL SPECIFICATION 

 

 

 

 

The objective of this chapter is to present the gravity model specification, discuss the 

econometric issues and present the data collection for this study.      

 

5.1 Econometric specification 

The econometric specificaton of the gravity model is based on the basic model outlined 

in equation (4). 

 

 𝑇JK] = 𝐴]	(
LMj×LOj
PQRSMO

) (4) 

 

The expected trade value of forestry products (𝑇) between two countries (𝑖 and 𝑗) is 

defined by the exporters economic size (𝑌J) and importers economic size (𝑌K) in a given 

time period (𝑡), and the distance (DIST) between them. As stated previously the distance 

has an inverse relationship to trade volumes indicating that an increase in distance 

diminishes the expected trade flow value. Since the gravity model (4) is non-linear in its 

structure, it is necessary to log-linearize the model to be able to run regressions.  

 

 𝑙𝑜𝑔𝑇JK] = 𝑙𝑜𝑔𝐴] + 𝑙𝑜𝑔𝑌J] + 𝑙𝑜𝑔𝑌JK − 𝑙𝑜𝑔𝐷𝐼𝑆𝑇JK (5) 

 

From the theory, economic size is expected to affect the forestry product trade flow 

positivly. The sign on the distance variable is expected to be negative since the 

mathematical rule when log linearize a division, the denominator become negative. 

Equation (5) is the basic model for this study. To be able to explain the trade flow precise, 

the addition of some selected independent variables is made, this to add explanatory 

power to the model. The gravity model in this study includes dummy variables for 

common boarder (𝐵𝑂𝑅𝐷) which is set to unity if the country pair share border, common 

currency (𝐸𝑈𝑅𝑂) which is set to unity if both countries has Euro as currency and an 
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endowment variable (𝐸𝑁𝐷) which is the country’s production of Wood chips and 

particles (HS4401) and Industrial roundwood (HS4403), as a proxy of the amount of 

forest in the country. GDP is frequently used as a measurement of economic size, Akyüz 

et al. (2010); Buongiorno (2015; 2016); Silva and Tenreyro (2006); Stay and Kulkarni 

(2016) all uses GDP, therefore this study will use GDP aswell as a measurement for 

economic size. 

 

The model is specified as: 

 

 𝑙𝑜𝑔𝑇JK = 𝛽-𝑙𝑜𝑔𝐴] + 𝛽0𝑙𝑜𝑔𝐺𝐷𝑃J] + 𝛽q𝑙𝑜𝑔𝐺𝐷𝑃K] − 𝛽r𝑙𝑜𝑔𝐷𝐼𝑆𝑇JK 

+	𝛽s𝐵𝑂𝑅𝐷JK + 𝛽t𝐸𝑈𝑅𝑂JK + 𝛽u𝐸𝑁𝐷] + 𝑈JK  

(6) 

 

 

Equation (6) is the formal specification of the gravity model that will be used to estimate 

the expected forestry product trade flow value. Common border is expected to affect the 

trade value positively because of the closeness and the simplification of the trade. A 

common border means short distance between the countries and if sharing a border it is 

likely that the countries share culture and common values etc., which should  yield more 

trade. The Euro variable is expected to affect the trade value positively because of low 

currency risk and no concern about exchange rates. Rose (1999) argue that trade increases 

with three times more between countries in a monetary union than between countries with 

their own currencies. The endowment variable is included in the study to take the amount 

of forests a country has into account and is expected to affect the trade flow positively 

since high amount of forest in a country should yield more trade.   

 

5.2 Econometric issues 

The technique that will be used to estimate the independent variables explanatory power 

is known as multiple regression analysis, the parameters will be estimated using panel 

data with fixed effects.  

 

5.2.1 Panel data 

Panel data is defined as a mix between cross-sectional data and time-series data. The data 

set in this study contains trade between countries over multiple years, therefore defined 

as a panel. An important benefit when using a panel is that it may offer a solution to the 
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problem of omitted variable bias, which is a common problem with cross-sectional data. 

Another point to note is that with a panel it is possible to exploit dynamics in the data 

which is important for policies. (Dougherty, 2011) 

 

The panel can be balanced or unbalanced. It is balanced if there is an observation for 

every unit for every time period, otherwise it is unbalanced. All countries in the data set 

do not trade forestry products with each other every year, there are observations where 

the trade value is zero, these zeroes are observations. Since there is observations for every 

unit and every time period, the panel data in this study is balanced. If excluding the zero 

values, making the panel artifically balanced, it may not be representative for the sample. 

(Dougherty, 2011)  

 

The panel data set in this study is large, containing 15,120 unique observations including 

trade between 28 countries over a 10-year period with two forestry products. With panel 

data sets it is a neccessity to have a large sample since it requires to abandon the 

assumption of fixed explanatory variables in repeated samples. Since the panel data set 

has unique observations for every time period it is only possible to obtain one sample for 

every explanatory variable (Ashley, 2012). A large panel data set, as used in this study, 

is a necessity for obtaining precise and useful parameter estimates.  

 

In Table 2 and Table 3, descriptive statistics over Wood chips and particles (HS4401) and 

Industrial roundwood (HS4403) are presented. This to get an overview for each countries 

trade over the time period 2005 to 2014. Mean, standard error and maximum value for 

the export values are presented, since every country in at least one time period had zero 

trade value the minimum value is zero, therefore not presented. Germany and Latvia have 

high mean and standard error for both commodities. Cyprus and Malta are the countries 

with lowest mean values, close to zero.  
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Table 2. Descriptive statistics of HS4401, in thousands Euro 

Country Mean Std. err. Max 

Austria 557 2 289 56 766 

Begium 331 1 078 16 829 

Bulgaria 76 392 3 671 

Croatia 273 985 6 361 

Cyprus 0.26 3.94 65 

Czech Republic 364 1 362 10 128 

Denmark 102 411 2 916 

Estonia 970 4 223 36 413 

Finland 388 2 030 15 336 

France 706 1 689 8 283 

Germany 2 483 6 568 47 795 

Greece 3.51 25.57 321 

Hungary 123 664 6 060 

Ireland 20 108 1 357 

Italy 44 349 3 730 

Latvia 2 713 8 262 66 725 

Lithuania 226 823 6 496 

Luxembourg 148 507 3 188 

Malta .01 .15 2.53 

Netherlands 282 1 106 8 895 

Poland 95 503 7 169 

Portugal 118 557 5 737 

Romania 153 971 9 974 

Slovak Republic 327 1 164 10 498 

Slovenia 251 1 003 6 869 

Spain 172 591 7 069 

Sweden 210 1 303 19 401 

United Kingdom 127 492 5 182 
Notes: HS4401 = wood chips and particles      
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Table 3. Descriptive statistics of HS4403, in thousands Euro 

Country Mean Std. err. Max 

Austria 2 712 8 981 56 766 

Begium 2 381 6 337 34 224 

Bulgaria 448 1 788 13 666 

Croatia 1 308 3 480 20 175 

Cyprus 6.52 42 525 

Czech Republic 8 903 32 748 198 309 

Denmark 1 096 3 769 27 293 

Estonia 3 788 11 684 60 368 

Finland 1 779 5 793 37 347 

France 7 973 18 037 121 953 

Germany 10 014 30 351 239 836 

Greece 51 237 2 721 

Hungary 2 136 6 609 38 011 

Ireland 791 4 074 30 234 

Italy 387 1 568 14 468 

Latvia 7 013 24 705 183 822 

Lithuania 2 757 7 097 47 854 

Luxembourg 817 2 533 15 890 

Malta .09 1.19 19 

Netherlands 1 427 4 936 35 166 

Poland 3 341 18 804 215 457 

Portugal 3 978 10 757 86 431 

Romania 414 848 5 279 

Slovak Republic 4 902 14 244 88 236 

Slovenia 1 999 7 924 74 163 

Spain 2 482 14 193 135 814 

Sweden 2 452 9 795 92 174 

United Kingdom 1 194 3 618 29 646 
Notes: HS4403 = aggregated industrial roundwood  
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By using panel data with fixed effects, hetrogenity in the fundamental relationship across 

countries and time can be avoided and thus reducing the possibilty for inconsistent 

estimators. Instead, by assuming fixed effects, the explanatory variables are strictly 

exogenous, which implies that the value of each explanatory variable in every given time 

period should be uncorrelated with the model error term (Ashley, 2012). 

 

5.2.2 Fixed effects: unobserved heterogenity and assumptions of the error term 

The estimations will be made on the panel data with fixed effects, where the unobserved 

effects will be estimated, this is also called unobserved heterogenity. Which explains the 

individual time-invariant effects on the dependent variable (Wooldridge, 2013).  

 

The model disturbance term is divided into three components,  

 

 𝑈J] = 𝑣J + 𝜆] + 𝜀J] 

 

(7) 

Where 𝑣J is a country-specific component, 𝜆]	is a year-specific component and 𝜀J] is the 

error term which is independently and identicly distributed with zero mean and its 

variance (Ashley, 2012). In this study the value of 𝑣J represents the country-specific effect 

on forestry trade, making the intercept shift different for each country in the regression.  

 

The assumption of the error term in the fixed effects model is that the expected value of 

the error term given the explanatory variables in all time periods (𝑋J) and the unobserved 

effect (𝑎J) is equal to zero, see equation (8). The variance in the error term given 𝑋J and 

𝑎J is equal to the variance in the error term in every time period, see equation (9). For all 

𝑡 ≠ 𝑠, where 𝑡 and 𝑠 stands for different time periods, the error term are uncorrelated 

conditional on all 𝑋J	and	𝑎J, see equation (10) (Wooldridge, 2013).   

 

Assumptions: 

 - 𝐸 𝜀J] 𝑋J, 𝑎J = 0 

- 𝑉𝑎𝑟 𝜀J] 𝑋J, 𝑎J = 𝑉𝑎𝑟 𝜀J] = 𝜎�0	𝑓𝑜𝑟	𝑎𝑙𝑙	𝑡 = 1,… , 𝑇 

- 𝐶𝑜𝑣 𝜀J], 𝜀J� 𝑋J, 𝑎J = 0 

 

(8) 

(9) 

(10) 
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5.2.3 Multicollinearity 

In a multiple regression there is more than one independent variable that are explaining 

the dependent varible. If these independent variables are correlated to the extent that the 

result is affected negativly the regression suffers from multicollinearity. The problems if 

the correlation is high is that the variance and the standard error of the coefficients are 

high which may result in high risk of erratic estimators. The detection of multicollinearity 

is fairly straight forward, simply look after high correlation amongst the explanatory 

variables. The consequences is that the estimators still are unbiased and efficient 

(Dougherty, 2011).   

 

Even if the correlation is high that does not necessarily leads to bad estimates. If all the 

other factors defining the variances of the estimated coefficents are helpful. That is, if the 

mean square deviations of the explanatory and the number of observations is large, and 

the variance of the disturbance term is small. The estimates obtained will still be good 

and reliable. All regressions must suffer from multicollinearity in some extent, or else 

none of the explanatory variables is correlated. This is a usual problem in multiple 

regression when dealing with time series data. If two or more of the explanatory variables 

have strong time trends, which leads to high correlation and cause multicollinearity 

(Dougherty, 2011).  

 

Table 4 shows the correlation between the continuous variables in the data set. The 

correlation between 𝐺𝐷𝑃J], 𝐺𝐷𝑃K] and 𝐷𝐼𝑆𝑇JK lies in the interval -0.07 to -0.04, the 

correlation is negative and around zero meaining that the relationship between them is 

inverse. The only correlation that stands out from the other is the one between 𝐺𝐷𝑃J] and 

𝐸𝑁𝐷J], where the correlation is 0.35. 

  

Table 4. Correlation matrix over 𝑮𝑫𝑷𝒊𝒕, 𝑮𝑫𝑷𝒋𝒕, 𝑫𝑰𝑺𝑻𝒊𝒋 and 𝑬𝑵𝑫𝒊𝒕 

Corr. Mat. GDP��	 GDP��	 DIST��	 END�� 

GDP��	 1.00 -0.04 -0.07 0.35 
GDP��	 -0.04 1.00 -0.07 -0.01 
DIST��	 -0.07 -0.07 1.00 -0.04 
END�� 0.35 -0.01 -0.04 1.00 
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If the variables are correlated, one problem that can occur is multicollinearity. But since 

the correlation is close to zero for the all the variables it implies that the data in this study 

does not suffer from multicollinearity. 

 

5.2.4 Unit root test: Augmented Dickey-Fuller test 

The Augmented Dickey-Fuller test (ADF-test) is a test for the precense of a unit-root in 

time series data, if the data is stationary or non-stationary. The test is done by testing the 

continuous variables, if they depend on their previous values. Run a regression for the 

dependent variables on an intercept, a time trend and lag values in the dependent variable. 

The null hypothesis is that a unit-root is present, which one seeks to reject (Ashley, 2012). 

One problem that usually occurs when doing a ADF-test is choosing how many lagged 

time periods that should be used. To be able to determine the lags, the Akaike Information 

Criteria (AIC) is used. Where AIC is a method to compare and chose the best model for 

a given outcome, the best model is the one with the lowest AIC score. One lagged period 

will be used in the ADF-test since the estimations resulted in the lowest AIC score for the 

model with one lagged period. The equation used when conducting the ADF-test is 

formed as followed: 

 
∆𝑌] = 𝛽- + 𝛽0𝑡 + 𝛽q𝑌]�- + 𝛾K∆𝑌]�K

�

K�-

+ 𝜀] 

 

 

(11) 

Where 𝛽-is the intercept or drift, 𝛽0 is the linear time trend (𝑡) coefficent, 𝛽q presents the 

process root and 𝑝 is the number of augmented period of lags.  

 

5.2.5 Unit root test: Phillip-Perron test 

Another test that can be applied for the detection of a unit root is the Phillip-Perron test 

(PP-test). The PP-test adapt models with a fitted drift and a time trend, so the models can 

classify whether it is a unit root present, if the data is non-stationary or stationary. Since 

presence of nonzero drift is common and the alternative to presence of a unit root is a 

deterministic time trend the founders made some specification extensions, a drift, and a 

drift and a linear trend are included in the model. (Phillips & Perron, 1988) The equation 

used in conducting the PP-test is formed as followed: 
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 𝑌] = 𝛽- + 𝛽0𝑡 + 𝜌𝑌]�- + 𝜀] 

 

(12) 

Where 𝛽- is the constant or drift, 𝛽0 is the linear time trend (𝑡) coefficent, 𝜌 is the estimate 

of the autoregressive coefficent.  

 

5.2.6 Stationarity test results 

When conducting a test for stationarity in time-series data one seeks to reject the null 

hypothesis that there is a unit root present. A present unit root indicates that the data is 

non-stationary, following a random walk. Two tests for stationarity has been made, an 

ADF-test and a PP-test which both has the same null hypothesis. The variables tested is 

the contingous variabels, Wood chips and particles (HS4401), Industrial roundwood 

(HS4403), GDP for the importer and the endowment variable. If the variable is non-

starionary it could mislead the observer to make incorrect estimations of the variable and 

conclusions of the regression results.   

 

The result from the ADF-test showed that one can reject the null hypothesis for the 

majority of the variables at a 1% significance level except the 𝐺𝐷𝑃K where only statistics 

for France, Germany and United Kingdom showed a 10% significance level. The PP-test 

showed similar results but contradicts the ADF-test regarding the 𝐺𝐷𝑃K variable, 

displayed a significance at 1% and 5% level. In Appendix 2 and 3 a complete summary 

of the test statistics are presented.  

 

5.3 Data sources 

The data on trade value is measured as annual export value in thousends US dollars from 

each reporting country to each partner country from the years 2005 to 2014, collected 

from the FAOSTAT database (FAO, 2016c). Only the country’s export value is taken 

into consideration, this to prevent from double counting as one country’s export is 

someone else’s import. The data set is panel data which includes two commodities, Wood 

chips and particles (HS4401) and Industrial roundwood (HS4403). The data was 

converted into constant dollar of 2005 via consumer price index from the U.S. Bureau of 

Labor Statistic database (U.S. Bureau of Labor of Statistics, 2016). Since the study aims 

towards the EU, the dollar was converted into Euro via IMF exchange rates (IMF, 2016a).  
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All countries do not trade with all countries all years. Due to this, the data set includes a 

number of observations where the value of the trade flow is zero. According to Silva and 

Tenreyro (2006) zeros in the data set for gravity models can be explained by no trade 

between countries for a specific year. One problem discussed in previous literature is the 

log linearization of the gravity equation. This will cause a problem since the log of zero 

do not have a mathematical solution. If chosen to log linearize the gravity equation this 

is a point needed to take into consideration. As mentioned in Silva and Tenreyro (2016) 

earlier empirical studies drop the pairs with zero trade from the data set. Another solution 

to the problem is to set all zero values to one,  since the logarithm of one is zero, which 

this study does.      

 

The annual data on GDP is collected from the IMF database (IMF, 2016b) for each EU-

country on the years 2005 to 2020, where the years 2016 to 2020 is projected GDP. The 

distance variable is measured as the distance in kilometers between the EU-member 

countries capital cities. The data on distance is collected from the European Commission 

distance calculator (European Commission, 2016). The data for the endowment variable 

was collected from the FAOSTAT database, where the production of Industrial 

roundwood and Wood chips and particles was used as a proxy for forestry endowment 

(FAO, 2016d). 
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CHAPTER 6 

RESULTS AND DISCUSSION 

 

 

 

 

In the following section the regression results and the forecast on the future trade flow in 

the EU will be presented. 

 

6.1 Trade with HS4401 & HS4403 within the EU, 2005 – 2014 

Table 5 shows the results from the estimation of equation (6) with fixed effects, since the 

function is in logarithmic form the coefficents is shown as elasticities. Therefore the 

interpretation is how much the commodites trade flow value changes as an response to an 

change in a independent variable. 

 

Table 5. Estimates with the gravity model on trade with forestry products  

Commodity Variable Coefficient Std. err. Significance 

HS4401     

 logGDP�� 0.64 0.17 *** 

 logGDP�� 0.36 0.01 *** 

 logDIST�� -1.06 0.04 *** 

 logEND� 0.22 0.11 * 

 BORD��� 3.31 0.08 *** 

 EURO��� 0.17 0.05 *** 

HS4403     

 logGDP�� -0.69 0.22 *** 

 logGDP�� 0.80 0.02 *** 

 logDIST�� -1.54 0.05 *** 

 logEND� 0.44 0.15 *** 

 BORD��� 3.04 0.11 *** 

 EURO��� 0.41 0.07 *** 
Notes: HS4401 = wood chips and particles; HS4403 = aggregated industrial roundwood; ***, **, * 

indicates the statistical significance of the coefficients at 1%, 5% and 10% level, respectively.  
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 6.1.1 The statistical significance of the parameters 

The level of statistical significance is presented in Table 5, where the majority of the 

variables are statistical significant on a 1% level. Except 𝑙𝑜𝑔𝐸𝑁𝐷] which showed a 

statistical significance at 10% level in explaining the trade flow for Wood chips and 

particles (HS4401). 

 

To test the statistical significance a t-test has been made, where the critical values is 2.326, 

1.960 and 1.645 for 1%, 5% and 10% level, respectively. A F-test was made to see if a 

fixed effect model is a better fit than a pooled OLS model. The results showed that a fixed 

effect model should be used since the F-test was statistical significant in rejecting the null 

hyphothesis on a 1% level.    

 

6.1.2 The parameters effect on the trade 

The parameters effect on forestry trade flow were as mentioned estimated with a fixed 

effects method, the parameters affect the two commodity groups similarly but the impact 

varies. The regression generated an R-square on 57.5% for Wood chips and particles 

(HS4401) and 60.5% for Industrial roundwood (HS4403), which is an indication how 

much the variables explain the variation in trade for both products. 

 

The effect of GDP for the exporting country (𝐺𝐷𝑃J) on HS4401 and HS4403 is 

statistically significant on a 1% level. A 10% increase in 𝐺𝐷𝑃J will lead to an 6.4 ± 1.7% 

increase in the trade flow value for HS4401 and an decrease of 6.9 ± 2.2% for HS4403. 

The effect of GDP for the importing country (𝐺𝐷𝑃K) on HS4401 and HS4403 is 

statistically significant on a 1% level. A 10% increase in 𝐺𝐷𝑃� will lead to an 3.6 ± 0.1% 

increase in the trade flow value for HS4401 and an increase of 8 ± 0.2% for HS4403. The 

distance between the countries affect the trade value negativly, for HS4401 an 10% 

increase in distance decreases the trade value with 10.6 ± 0.4%. For HS4403 an 10% 

increase in distance decreases the trade value with 15.4 ± 0.5%. A 10% increase in 

forestry endowment will increase the trade flow value of HS4401 with 2.2 ± 1.1% and an 

increase of 4.4 ± 1.5% for HS4403. If the country pair share a border the trade value 

increases with 331 ± 8% for HS4401 and 304 ± 11% for HS4403. If the country pair is a 

member of the Euro monetary union the trade value increases with 17 ± 5% for HS4401 

and 41 ± 7% for HS4403. The fixed effect method generates an individual country 
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specific effect that shifts the intercept. The fixed effects for HS4403 are statistical 

significant at 1% level for all countries, for HS4401 only five countries are statistical 

significant at 1% level, these results are presented in Appendix 1.  

 

These results are consistent with previous studies except 𝐺𝐷𝑃J for industrial roundwood 

(HS4403) which has a negative sign. Akyüz et al. (2010), Buongiorno (2015), 

Buongiorno (2016), Kangas and Niskanen (2003) all had statistical significant for 𝐺𝐷𝑃K, 

the coefficients were 0.93, 1.12, 1.04 and 0.98 respectively. Akyüz et al. (2010), Kangas 

and Niskanen (2003) made estimates for distance and common border aswell, where the 

coefficients were -1.86 and -1.75 (𝐷𝐼𝑆𝑇), 0.35 and 0.47 (𝐵𝑂𝑅𝐷) respectively. 

Buongiorno (2015) made estimates for common currency  and the coefficient were 0.068 

(𝐸𝑈𝑅𝑂).    

 

The negative sign of the exporters GDP for the commodity Industrial roundwood 

(HS4403) contradicts the theory of the gravity model and previous studies on forestry 

products (Akyüz et al., 2010; Buongiorno, 2015; Buongiorno, 2016; Kangas and 

Niskanen, 2003). This can have a number of explanations, but there is uncertainty of the 

impact on the different explanations. There is possible but not likely for the reporting 

country’s GDP to have a negative effect on the trade value. This could be explained by 

the Hecksher-Ohlin model, if all factors of production where to expand proportionally in 

the reporting country, the GDP per capita would remain uneffected while GDP rises. If 

the elasticity of domestic demand is sufficently low then even though exports may rise, 

their value may decline (Thursby & Thursby, 1987).  

 

Another explanation for the negative sign on the GDP coefficient according to Baudin et 

al. (2011) could be that the production of Industrial roundwood has decreased over the 

last decades. This decline could be explained by improvements in sawmill technologies, 

which allows sawmills to produce sawnwood from smaller tree sizes. Parallel to this there 

is an increase in production of wood chips from sawmills,  which has led to a shift from 

pulpwood towards wood chips and residues. As mentioned the production of Industrial 

roundwood has decreased and according to (FAO, 2013) the production suffered a decline 

after the economic recession in 2008. Since then the level of production has not recovered 

to its pre-recession level in 2007. 
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6.2 Forcasting trade flow on Wood chips and particles, 2015 – 2020 

Since the estimation results from equation (6) yielded an effect on the trade flow which 

contradics the theory behind the gravity model for the commodity Industrial roundwood 

(HS4403), the coefficient on 𝐺𝐷𝑃J is negative. A forecast is only made for the commodity 

Wood chips and particles (HS4401). 

 

 𝑃𝑟𝑜𝑗𝑇JK] = 𝛽- + 0.64𝑃𝑟𝑜𝑗𝐺𝐷𝑃J] + 0.36𝑃𝑟𝑜𝑗𝐺𝐷𝑃K] − 1.06𝐷𝐼𝑆𝑇JK
+ 0.22𝐸𝑁𝐷J] + 3.31𝐵𝑂𝑅𝐷JK + 0.17𝐸𝑈𝑅𝑂JK] 

 

(13) 

Equation (13) is used to forecast the future trade flow value, the coefficents are retrieved 

from the regression results presented in Table 5. The 𝛽- is the country specific effect 

which are different for each country and presented in Appendix 1. Projected GDP is used 

for the exporting and importing country, 𝑃𝑟𝑜𝑗𝐺𝐷𝑃J] and 𝑃𝑟𝑜𝑗𝐺𝐷𝑃K]. The endowment 

variable 𝐸𝑁𝐷J] is assumed to be at the same level as 2014 value therefore remains consant 

in the forecast. Therefore the only variable that varies in the forecast is projected GDP, 

which has a big impact on the forecast. 

 

In Figure 9 the forecast for the future trade flow for Wood chips and particles (HS4401) 

is presented. The estimation results from equation (6) were used to forecast, conditional 

on IMF projections on GDP. Where the dashed line is the projected trade values and the 

solid line is the previous actual trade values showned as aggregated for all countries.  
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Figure 9. Forecast on Wood chips and particles (HS4401) 2015-2020 

 

For the forecasting years 2015 to 2020 there is a positive trend in the trade flow value on 

Wood chips and particles. In 2015, the value is projected to remain at the same level as 

the last tree years, around 300 million Euro. From 2016 to 2020 the trade flow value is 

expected to increase steady and end up at 372 million Euro in 2020, which corresponds 

to a 27.2% increase from 2014. This rise can be explained by the projected GDP which 

increases throughout the forecast which is illustrated in Figure 6. 

 

In Figure 5 the countries production of Wood chips and particles are illustrated, the top 

four producers are Finland, France, Germany and Sweden. As argued previously, 

countries that has high forest endowment and a high forestry production should 

experience an increase in trade value, therefore an individual forecast on Finland, France, 

Germany and Sweden are presented in Figure 10.    
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Figure 10. Forecast on Wood chips and particles (HS4401) 2015-2020, Finland, 

France, Germany and Sweden 

 

For these four countries there is a positive trend for the future trade values, this follows 

the aggregated forecast for all countries. For France and Germany the growth is higher in 

absolute values than for Sweden and Finland where the trade value increases with 

2,866,000 Euro and 2,011,000 Euro respectively. For France and Germany the trade value 

increases with 9,642,000 Euro and 13,672,000 Euro respectively. In percentage change, 

the increase is higher for Sweden and Finland which is presented in the Appendix 4.  
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CHAPTER 7 

CONCLUSION 

 

 

 

 

The objective of this chapter is to present the conclusions drawn from the results in 

chapter six.  

 

The purpose of this study has been to estimate and predict the trade flow value of two 

forestry products, Wood chips and particles (HS4401) and Industrial roundwood 

(HS4403) between the EU member countries. Due to incorrect coefficient sign (negative) 

for Industrial roundwood (HS4403), contradicting the gravity model theory, a forecast 

was only made for Wood chips and particles (HS4401).     

 

As the result from the forecast states, the trade value increases with 27.2% from the actual 

value in 2014 to 2020 in the European Union for Wood chips and particles (HS4401), a 

conclusion that can be drawn is that the usage of the commodity should increase in the 

future. An increase in the export of Wood chips and particles (HS4401) can be due to a 

increase in foreign demand. If the demand increases then the desire of using a renawble 

energy source should increase, which will help achieve the EU 202020-targets.  

 

From the forecast values Swedens import for the time period 2015 to 2020 is set to 

increase with 4,615,324 Euro. The import is projected to be bigger than the export which 

implies that Swedens possession of Wood chips and particles (HS4401) via trade will 

increase until 2020. Since Wood chips and particles (HS4401) is a renewable energy 

source, Sweden as a society moves towards a greener and a more bio based economy. 

The increased possession of biofuel should mean a substitution towards renewable 

energy, which would help achieve the EU 202020-target. The relationship between 

import and export is the same for Finland, where the import is increasing more than the 

export, so similar conclusions can be drawn. For France and Germany the relationship 

between import and export is contrariwise, where the possession of Wood chips and 

particles (HS4401) via trade will decrease until 2020. 
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Sweden is one of the nations that is not a member of the Euro monetary union amongst 

the EU countries. As illustrated in Table 5, the result shows that if a country is a member 

of the monetary union the trade value is expected to increase. For Sweden this means that 

the trade value of Wood chips and particles (HS4401) and Industrial roundwood 

(HS4403) is expected to increase if joining the monetary union. Trade barriers will be 

reduced, which simplifies and increases the trade of forestry products for Sweden. This 

would lead to a higher possession of this renewable energy source and help Sweden reach 

its national EU 202020-target. This conclusion can be drawn for all the countries that is 

not a member of the Euro monetary union.    

 

As illustrated in Figure 9, an increase in trade of Wood chips and particles (HS4401) 

within the EU implies diminishing CO2 emmisions which should lead the EU countries 

towards the EU 202020-targets. This since Wood chips and particles (HS4401) partly is 

used as fuel wood which is a renewable energy source in the form of biomass. In 

contradiction to fossil fuel where according to World Nuclear Association (2011) the CO2 

emmisions for oil is 16 times higher than biomass, measured in tonnes CO2 emissions per 

gigawatt hour (GWh).  

 

One suggestion for futher research is to examine the EU 202020-targets impact on the 

use of renewable energy sources and forestry products in particular. Another topic to 

examine can be to connect the trade with forestry products and the EU 202020-targets, if 

the trade with these products have helped achieving the targets.      
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APPENDIX 1  

Fixed effects parameters 

Country HS4401 HS4403 

Austria -0.08 8.84*** 

Belgium -0.10 9.42***  

Bulgaria 1.20 6.65***  

Croatia 0.94 7.66***  

Cyprus 3.06*** 8.50***  

Czech 0.23 7.95***  

Denmark 0.37 9.34***  

Estonia 2.82*** 8.32***  

Finland -0.23 9.19***  

France -0.19 11.45***  

Germany 1.03 11.50***  

Greece 0.25 8.31***  

Hungary -0.01 8.74***  

Ireland 0.19 7.42***  

Italy -1.29 10.73***  

Latvia 3.51*** 8.15***  

Lithuania 2.14*** 8.77***  

Luxembourg 1.22 7.08***  

Malta 2.31*** 4.91***  

Netherlands 0.16 10.66***  

Poland -0.41 10.37***  

Portugal 0.84 7.98***  

Romania 0.62 8.81***  

Slovakia 0.73 7.75***  

Slovenia 0.65 6.83***  

Spain -0.09 9.58***  

Sweden -0.36 9.29***  

UK -1.29 9.89***  
***, **, * indicates the statistical significance of the coefficients at 1%, 5% and 10% level, respectively.  
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APPENDIX 2  

ADF-test 

Country HS4401 HS4403 GDPj ENDt 

Austria -4.10*** -4.23*** -2.80 -12.31*** 

Belgium -5.22*** -4.11*** -2.80 -11.12*** 

Bulgaria -5.45*** -4.68*** -2.80 -18.60*** 

Croatia -5.61*** -4.59*** -2.80 -12.40*** 

Cyprus -11.57*** -11.35*** -2.80 -11.11*** 

Czech -5.54*** -4.95*** -2.80 -13.80*** 

Denmark -4.98*** -5.00*** -2.79 -10.58*** 

Estonia -4.82*** -4.12*** -2.79 -12.05*** 

Finland -3.73** -4.70*** -2.86 -14.15*** 

France -4.47*** -5.26*** -3.37* -11.84*** 

Germany -5.05*** -8.36*** -3.17* -17.36*** 

Greece -7.72*** -7.02*** -2.84 -16.63*** 

Hungary -5.64*** -4.55*** -2.79 -10.94*** 

Ireland -8.19*** 0.03 -2.81 -11.79*** 

Italy -10.55*** -7.33*** -2.46 -17.35*** 

Latvia -5.91*** -5.61*** -2.81 -17.28*** 

Lithuania -6.15*** -6.32*** -2.81 -14.79*** 

Luxembourg -4.66*** -4.20*** -2.81 -19.74*** 

Malta -11.55*** -10.93*** -2.81 N/A 

Netherlands -4.89*** -5.10*** -2.73 -20.34*** 

Poland -6.62*** -6.39*** -2.78 -11.53*** 

Portugal -9.86*** -5.82*** -2.80 -12.96*** 

Romania -8.68*** -5.98*** -2.80 -14.77*** 

Slovakia -6.74*** -5.37*** -2.81 -18.86*** 

Slovenia -5.68*** -5.66*** -2.81 -11.71*** 

Spain -5.89*** -6.07*** -2.63 -8.42*** 

Sweden -9.12*** -7.07*** -2.58 -16.89*** 

UK -8.76*** -5.58*** -3.14* -10.95*** 
***, **, * indicates the statistical significance of the coefficients at 1%, 5% and 10% level, respectively. 
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APPENDIX 3  

PP-test 

Country HS4401 HS4403 GDPj ENDt 

Austria -4.52*** -4.39*** -2.99 -40.05*** 

Belgium -7.31*** -4.29*** -3.97** -113.79*** 

Bulgaria -6.77*** -4.27*** -4.00*** -45.16*** 

Croatia -6.09*** -5.23*** -3.99*** -59.99*** 

Cyprus -16.44*** -15.36*** -4.00*** -4646.31*** 

Czech -4.76*** -4.80*** -3.98** -51.25*** 

Denmark -6.30*** -5.97*** -3.97** -232.41*** 

Estonia -5.00*** -5.55*** -3.99** -44.80*** 

Finland -3.99** -4.76*** -4.03*** -35.69*** 

France -5.12*** -6.67*** -4.62*** -62.66*** 

Germany -4.91*** -4.34*** -4.66*** -39.81*** 

Greece -21.97*** -7.92*** -3.88** -730.67*** 

Hungary -6.06*** -4.65*** -3.84** -41.94*** 

Ireland -9.25*** -0.15 -3.86** -3.27*** 

Italy -10.88*** -14.14*** -3.63** -22.07*** 

Latvia -5.47*** -4.36*** -3.86** -14.23*** 

Lithuania -7.26*** -7.19*** -3.86** -57.48*** 

Luxembourg -6.42*** -4.53*** -3.85** -72.82*** 

Malta -16.55*** -13.30*** -3.86** N/A 

Netherlands -4.79*** -4.88*** -3.80** -44.52*** 

Poland -14.65*** -6.31*** -3.83** -165.45*** 

Portugal -9.08*** -6.92*** -3.84** -64.74*** 

Romania -5.91*** -7.09*** -3.84** -45.64*** 

Slovakia -8.96*** -5.36*** -3.85** -20.08*** 

Slovenia -4.81*** -6.84*** -3.85** -60.39*** 

Spain -9.40*** -5.52*** -3.78** -47.26*** 

Sweden -10.82*** -6.07*** -3.66** -85.76*** 

UK -10.59*** -5.50*** -4.37*** -462.75*** 
***, **, * indicates the statistical significance of the coefficients at 1%, 5% and 10% level, respectively. 
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APPENDIX 4  

Predicted annual percent growth of exports value for commodity HS4401, Value in 

thousands Euro 

Exporter Value (2014)  Growth rate (%) 

  2015 2016 2017 2018 2019 2020 

Austria 9 528 -13.5 3.3 10.2 4.4 4.7 4.8 

Begium 5 693 55.9 3.5 10.9 4.6 4.8 4.9 

Bulgaria 4 363 -52.2 4.5 21.0 9.0 9.2 9.2 

Croatia 16 730 -81.9 2.8 14.4 6.5 6.8 7.0 

Cyprus 1 -177227.1 -6.4 -35.4 -28.4 -43.9 -84.9 

Czech Republic 11 705 -54.2 3.7 11.5 4.2 3.8 4.0 

Denmark 1 835 246.9 2.9 12.0 5.3 5.8 6.0 

Estonia 22 357 -94.5 6.7 32.3 12.7 12.4 12.2 

Finland 8 106 -45.0 4.0 14.9 6.2 6.8 7.0 

France 18 051 115.2 2.9 8.5 3.4 3.8 4.3 

Germany 53 529 1.1 3.8 8.4 3.4 3.7 3.8 

Greece 10 31329.9 2.4 19.8 8.8 8.9 8.8 

Hungary 6 467 -36.4 0.4 11.7 6.2 6.5 6.2 

Ireland 302 1440.6 9.5 17.4 7.9 7.8 7.9 

Italy 3 138 835.4 2.2 7.8 2.9 3.0 3.3 

Latvia 46 778 -96.1 4.7 22.6 9.7 9.8 9.7 

Lithuania 4 162 -48.2 4.4 20.1 9.0 9.1 9.1 

Luxembourg 2 527 17.9 4.0 15.7 7.2 7.4 7.5 

Malta N/A N/A 20.2 84.2 23.5 21.0 19.0 

Netherlands 19 567 -31.8 2.7 10.1 4.3 4.6 4.7 

Poland 6 724 41.4 -0.5 11.0 6.3 6.5 6.6 

Portugal 4 971 -67.0 10.6 35.4 12.4 12.2 12.0 

Romania 9 766 -59.1 5.0 16.3 8.4 8.4 8.4 

Slovak Republic 13 158 -71.1 3.3 13.3 6.4 6.7 6.9 

Slovenia 10 731 -72.3 3.1 14.6 6.4 6.8 6.9 

Spain 6 015 201.8 4.8 10.8 4.4 4.8 4.9 

Sweden 2 684 238.6 4.9 10.3 4.0 4.7 4.4 

United Kingdom 3 593 1154.7 -6.9 3.7 4.1 4.2 4.3 

Total 292 488 -1.6 0.2 10.2 15.3 21.0 27.2 

  


