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Abstract 

 

 

 

 

This thesis consists of an introductory part followed by two self-contained papers both 

analysing the effect recovered paper has on the locational choice for investments in the 

European pulp and paper industry. 

In the first paper we develop a continuous Cobb-Douglas investment model with 

the purpose of finding and estimating the investment determinants for the European 

pulp and paper industry, with special focus on the impact of recovered paper. The 

analysis is carried out within a neo-classical locational framework in which firms 

minimise the production and transportation costs for both input factors and for output 

products. We use a panel of data consisting of ten European countries over the period 

1978 to 1995. The results suggests that both short and long run aspects of wastepaper 

recovery tend not to be important determinants of investment activities in the pulp and 

paper industry, whereas the price of wood pulp and electricity together with existing 

capacity seem to be more important. 

In the second paper we employ a different approach to the same problem. In this 

paper we develop a conditional logit model and compile the number of investment 

projects that were scheduled to be completed in 16 European countries between 1985 

and 1995. In contrast to the first paper, which used continuous data, this model employs 

discrete data for the dependent variable. A discrete variable counts the actual number of 

times a certain event has taken place, i.e., the number of investment projects. The same 

set of determinants as in the first paper is used to ease comparing the two papers. We 

further break down the investment projects into four paper grades, which allow us to 

analyse the effects of wastepaper in greater detail. The results suggest that factor input 

prices in general and the price for wastepaper in particular are neither statistically nor 

economically significant location determinants for a paper manufacturer. Furthermore, 

the results suggest that market size and agglomeration effects are more important than 

the price of raw materials for location. 

On the basis of the results from the two papers, we can conclude that the price of 

wastepaper is not an important determinant for the European pulp and paper industry 

when choosing investment sites. Price driven policies aimed at stimulating paper 
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recovery may therefore fail to achieve increased investments in the industry. At the 

same time, both papers suggests that agglomeration effects, i.e., existing productive 

capacity, is an important determinant. The economic significance of the agglomeration 

coefficients suggests that the power of sunk costs is important. Investments are largely 

diverted to existing capacity and the ability to attract new establishments is limited. 
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Background 

Investments in a broader sense may affect an economy in many different ways. To 

understand the nature and implications of these effects we need to recognise what 

drives the investment activity. Many studies have investigated and evaluated various 

determinants of investment. In this thesis, attempts are made to estimate the impact of 

the determinants that influence the choice of investment sites for the European pulp 

and paper industry, with special focus on raw materials in general and wastepaper in 

particular. Accurate considerations of these investment determinants are important, 

not the least because of the growing interest from public policy makers regarding 

paper recycling. 

The geographically uneven distribution of manufacturing activity provides the 

underlying stimulus for an understanding of industrial location. The role of 

manufacturing in economic growth and its importance to local, regional and national 

economic development policies gives added relevance to enquiries into the location of 

industry. Conventional neoclassical economic theory explains the location of 

manufacturing facilities principally in terms of spatial variations in cost structures. 

The rationale for this view rests largely on principles of competition. If competition is 

strong rational patterns of economic behaviour, whether in respect to price, 

production, technology or location, will result. In the context of location, this 

economic reality takes the form of spatial cost and revenue structures. Over time, 

manufacturing facilities may need to adapt to changing location condition, or risk 

closure. However, a new location pattern does not instantaneously replace an old one. 

Structural shifts are slowed by investments in fixed capital, both in the form of 

infrastructure and capital equipment. Thus, the effect of sunk costs can is significant. 

The capital costs of building new infrastructure and factories are significant and an 

old pulp or paper mill operating at an increasingly marginal location, may survive for 

a long time because its capital costs are sunk. In fact, old mills substitute low capital 

costs for high operating costs (Auty, 1975). Thus, patterns of locational adjustment 

may be expected to be complex, with existing mills adjusting in various ways over a 

period of many decades. 

 

Choice of industry 
During the last decades we have witnessed an ongoing structural change in the 

European pulp and paper industry. The focus of productive capacity is shifting from 
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Sweden, Norway and Finland, to continental Europe, including the UK. In relative 

terms, continental Europe has increased its pulp and paper capacity by close to 64 

percent between 1984-1998, while the three Nordic countries only increased their 

production by 45 percent. At the same time, wood pulp decreased on average from 

61.6 percent to 45.4 percent of the total fibre input, while recovered paper increased 

its share from 31.8 percent to 39.1 percent. Figure 1 depicts the relative paper and 

board production capacity change between 1984 and 1998 for West European 

countries.  
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Figure 1: Relative change in paper and board production capacity 
between 1984-1998 

Sources: Paper European Data Book and CEPI (1998). 
NOTE:  Greece and Ireland are not included since they have no, or close to 

none, paper and board production. 
 

Italy, The Netherlands, Belgium and Portugal are omitted since they experienced 

neither an increase nor a decline in their relative capacity. Austria gained almost 30 

percent relative the other countries in capacity, while Denmark experienced a decline 

of more than 40 percent. The countries that gained most are located in central Europe, 

except Finland, while the ‘losers’ are what can be called periphery countries and 

consist of the Nordic countries, again except Finland, and Spain. 

Several structural developments appear to have had a major impact explaining 

the above shifts in productive capacity on the industry in the early 1990s. Foremost, 

wastepaper is increasingly used as a substitute of pulp in paper production. Table 1 

shows that the ratio of wastepaper consumption to pulp consumption has been 

gradually increasing since 1970. 
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Table 1: Wastepaper and pulp consumption (million tons) and the ratio 
between the two (percent) in EU (15), Norway and Switzerland 

 1970 1975 1980 1985 1990 1995 1998 
Wastepaper 9.3 10.8 14.6 17.6 22.1 29.8 31.7 
Pulp 27.1 25.9 30.6 32.9 38.8 41.4 42.9 
Ratio 34 42 48 53 57 72 74 

Source: FAO’s forestry database. 

 

In Western Europe, 49.6 percent of the paper and board consumed was 

recovered and recycled in 1997. In the same year, the production of primary wood 

pulp for papermaking was 34 million tons. In addition, the net import of pulp was 5 

million tons, and the use of minerals and other non-fibre raw materials amounted to 7 

million tons. In general, the increased use of wastepaper, collected predominantly in 

continental Western Europe, makes companies located there less dependent on Nordic 

pulp producers. For Nordic producers of pulp, the relative size of the export market is 

reduced. Moreover, the increasing role of wastepaper challenges the traditional 

location pattern for competitive production of, for example, newsprint production in 

Finland and Sweden. This traditional location pattern, which was developed in the 

context of geographical isolation in combination with resource availability, is now to 

some extent becoming obsolete. The structural changes in location are most evident in 

the field of newsprint. Nordic investments in new capacity for newsprint production, 

both by acquisitions and green-fields, are increasingly located in continental Western 

European countries, especially France and the UK (Hellgren and Melin, 1992). 

 

Why is location important? 
In setting up a mill the paper and/or pulp manufacturer must make three sets of 

decisions, once the nature of the good has been determined (Smith, 1981). These are: 

(1) the scale of operations and sales prices for the output; (2) the technique to be 

adopted, which involves the selection of the appropriate combination of inputs and 

production technology; and (3) the location of the paper or pulp mill. The choice of 

location cannot be considered in isolation from scale and technique. The three 

decisions are interdependent, and their objective is to maximise profits. 

Microeconomic theory provides models that enable us to deduce the scale, technical 

conditions and location to optimise the investment with a profit maximising objective. 

The relevance of cost and revenue functions in industrial location is apparent. These 



 4 

matters have a great importance when it is understood that the cost and revenue 

functions may differ in different locations. The significance of production factors is 

reflected in cost structures. If the cost of production factors varies with locations, so 

will the firm’s cost functions. However, even if a particular production factor 

represents a significant proportion of total costs, it does not necessarily follow that it 

will influence location. What is important is how it varies spatially. 

It is apparent that there are significant differences in the cost and revenue 

functions between industries and that these differences tend to become more 

pronounced moving down the disaggregation in the Standard Industrial Classification 

(SIC) code. Certain location factors influence the location decision for investments in 

the manufacturing industry, while others influence the investments in the service 

sector. Furthermore, within the manufacturing industry, special care needs to be taken 

to find the industry-specific location factors. This makes it difficult to construct a 

general model that tries to explain investment behaviour for a wide range of 

industries. Certain location factors relevant for one industry might not be relevant at 

all to other industries. 

The pulp and paper industry is a significant and mature industry in Europe. In 

the cost minimising exercise facing the pulp and paper industry when choosing 

investment site, raw material could play an important role. If wastepaper is collected 

in sufficient quantities, the importance of proximity to the traditional raw material, 

wood, will be reduced. By adopting a technology that allows extensive use of 

wastepaper and by choosing an investment site in the proximity of the wastepaper 

source, a firm will not only reduce production costs but will also find itself close to 

the market. Densely populated areas can thus be both the source of raw material and 

the market for the finished good. 

 

Purpose and outline 

The purpose of this thesis is to analyse to what degree recovered paper affects 

investment behaviour in the European pulp and paper industry. 

The structure of the rest of the present introductory chapter is as follows. First, 

we describe different methodological approaches when analysing locational 

behaviour, followed by a survey of previous research. Second, a brief description of 

the European pulp and paper industry is given that illustrates the present structure of 
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the industry and important input factors. Third, a summary of the two papers 

comprised in the thesis is given and the main conclusions are presented. 

 

Previous research and methodological approaches 

The literature on locational behaviour is voluminous and there is a wide range of 

different methodological approaches used. However, studies focusing on the 

locational behaviour for the pulp and paper industry are considerably less in number. 

We will begin the literature survey by a short summary of location studies in general, 

followed by studies dealing with the pulp and paper industry. The reason for including 

studies with no direct relation to the pulp and paper industry is that even though 

different cost and revenue functions are examined there is still a lot to be learned from 

both a theoretical and model-building perspective. 

 

Methods 
A common approach in location studies is to model discrete choices. A discrete 

variable counts the number of times an actual event has occurred, i.e., the number of 

investments in a certain region. In the context of profit maximising firms, these 

studies employ conditional logit models, e.g. Carlton, (1983); Bartik, (1985; 1989); 

Luger and Shetty, (1985); Coughlin et al, (1991); Friedman et al, (1992), or nested 

logit models, e.g. Hefner and Guimaraes, (1994); Guimaraes et al, (1998), to assess 

various investment determinants. In the conditional logit setting, given the 

characteristics for the location alternatives, the probability that a certain investment 

site is chosen is obtained. The probability of being opened at a particular site depends 

on the level of profits and hence of characteristics of that site compared with other 

sites. In nested logit models, however, the investment decision is conducted in two or 

more steps. These steps often refer to different geographical scales in which different 

determinants may be used. For example, a firm might first choose a country for which 

a set of determinants is used. Then, given the chosen country, the firm chooses a 

region within that country with a different set of determinants and finally the firm 

choose a specific site. These steps are taken sequentially not simultaneously. A less 

common approach is continuous investment models, e.g. Wheeler and Mody, (1992). 

In this setting, the actual flow of investment expenditure is used, not the number of 

investments. For a more detailed survey of location studies in general, see Newman 

and Sullivan (1988). 
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Studies of the locational behaviour for the pulp and paper industry 
This section summarises some of the more prominent empirical studies on location 

and investment decisions for the pulp and paper industry. Considering the growing 

importance of paper recovery, it is surprising that so few of them have focused on the 

consequences it will have on the paper industry. The most common approach taken in 

wastepaper studies is an environmental one, e.g. Byström and Lönnstedt (1997), or 

supply and demand analyses, e.g. Plaut (1978); Gill and Lahiri (1981); Edgren and 

Moreland (1989). Location analyses concerning the paper industry have mostly been 

done for the USA or Canada, with a few exceptions. One of these is Lindberg (1953). 

In his classical paper, Lindberg attempts to analyse the transportation costs of certain 

Swedish paper and pulp mills. The method used is an adaptation to a geographical 

foundation of the theory of location, which employs the concept of isovectures1 and 

isodapanes2 for the period 1830-1939. Given the studied time period, it is not 

surprising that paper recovery is omitted from the analysis and that the study only 

focuses on forest resources as raw material. Lindberg concludes that the differences 

with regard to raw materials have not in general determined the location of mills so 

much as the differences with regard to the possibilities for easy and cheap 

communication for export. In a broader context, the location choice within Sweden 

was preceded by a choice to locate in Sweden. Hence, it is not possible to dismiss raw 

materials as a significant location determinant when analysing location decisions on a 

larger geographic scale. Nevertheless, when choosing sites within Sweden, the 

generally accepted idea that the paper industry is mainly dependent on its raw 

material does not apply. It has to be remembered, though, that Sweden is a forest-

endowed country with a small domestic market for paper products. This reduces the 

costs for input transportation and increases the need for cheap output transportation 

since most of the production goes on export. In this regard forest resources could be 

viewed as ubiquitous. Furthermore, transportation costs have decreased since the 

studied period, which decreases the importance of locating near transportation nodes 

for export (Lundgren, 1996). 
                                                 
1 An isovecture is a line joining points with equal transportation costs for a certain commodity to a 

certain place. 
2 Isodapane is the name given to a line joining points with the same total transportation costs for all the 

commodities entering into the production process.  
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Eight kraft pulp mills in interior and north-coastal British Columbia, Canada, 

came on stream during the 1960s as part of a general expanding phase of the pulp 

industry in western Canada. With this background, Barr and Fairbairn (1974) 

investigated three location factors that were assumed to have affected this locational 

behaviour. Informal interviews were undertaken with mill managers and executive 

personnel of the eight kraft pulp mills, which commenced operation between 1961 

and 1970. The three location factors are; (1) cost conditions; (2) demand conditions; 

and (3) governmental actions. The cost conditions analysed include forest resources 

and chemical supply, but disregard paper recovery and wages. Barr and Fairbairn 

suggest that corporate behaviour rather than governmental incentive programs may 

have a deciding role in the success, or viability, of locational behaviour when resource 

development is undertaken in western, industrialised societies. 

Hayter (1978) examines the same geographical area and time period as Barr and 

Fairbairn. Hayter, however, tries to determine the locational factors and constraints 

governing the selection of regions, communities and sites instead of having a 

predetermined set of factors to be analysed. The needed information was obtained 

mainly from open-ended interviews with executives. Hayter breaks down the 

investment decision into stages. The decisions involved (1) selecting a region, a 

judgment based largely upon accessibility to forest resources; (2) identifying areas 

where inputs could be economically assembled and from which the finished product 

could be economically shipped; and (3) choosing the site. Hayter concludes that on a 

regional scale, corporate investment decisions focus largely on supply conditions, i.e. 

timber accessibility, quality, species mix and tenurial conditions. Within regions, 

access to wood supply was identified as one of five or six principal locational factors 

essential for a comparison of alternatives. 

In a recent study, Gray and Shadbegian (1998) estimate the impact 

environmental regulation has on investment decisions for the US pulp and paper 

industry between 1972 and 1990. They analyse two aspects of the investment 

decision; the specific production technology installed in a new mill, and annual 

investment spending at existing mills. The conclusions are that new mills in states 

with strict environmental regulations choose cleaner production technologies, with 

differences in air and water pollution regulation also influencing technology choice. 

Furthermore, they find that abatement and productive investment tend to be scheduled 

together. However, plants with high abatement investment over the entire period 



 8 

spend significantly less on productive capital. A result with more bearing on the 

present study is that Gray and Shadbegian in their technology choice model estimate 

the relative importance of raw materials. As a proxy for forest resources they use 

timber availability measured by cubic feet softwood growing stock per square mile 

and finds it statistically significant for kraft pulp, semi-chemical pulp and mechanical 

pulp technology investments. Moreover, as a rough proxy for wastepaper availability 

they employ population density but fail to find any significance for this variable when 

choosing technology. A summation of the reviewed studies is given in table 2. 

With the exception of Lindberg (1953), all the above studies have North 

America as their area of interest. Studies on the restructure of the European pulp and 

paper industry have been done in a descriptive way but fail to isolate the impact of 

recycled paper, e.g., Romme (1994) and Lyndhurst (1992; 1997). All but Gray and 

Shadbegian (1998) are outdated, which reduces the possibility to draw meaningful 

inferences for the present policy makers. In addition, the above studies fail to account 

in an explicit way for the impact that raw materials in general and wastepaper in 

particular has on the locational choice for investments. 

 

Table 2: Selected earlier empirical studies on locational choices in the paper 
industry 

To summarise, there seems to be a void to fill by not only analysing the 

European pulp and paper industry with contemporary data and techniques, but also to 

Study Scope Method  Main findings and contributions 

Lindberg, (1953) Sweden  
1830-1939 

Spatial allocation Closeness to transportation network 
more important than closeness to 
forests when locating within 
Sweden. 

    
Barr & Fairbairn, (1974) Canada, B.C. 

1961-1970 
Kraft Pulp Mills 

Interviews Analyses backward and forward 
linkages and the contribution of 
governmental actions for the 
locational behaviour. Conclude that 
all three are of significance.    
 

Hayter, (1978) Canada, B.C.  
1960-1970 

Interviews At regional scale mainly raw 
material orientated location 
decisions. Within regions, wood 
supply was identified as one of six 
principal location factors. 

    
Gray & Shadbegian, (1998) 
 

USA 
1972-1990 

Econometric Forest resources have a significant 
impact on the choice of technology 
investments while neither 
wastepaper nor energy have not. 
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‘update’ the effect that paper recovery policies would have on the European paper 

industry’s investment decisions. 

 

European pulp and paper industry 

In order to conduct studies on the pulp and paper industry it is necessary to have a 

good understanding of this particular industry. The present section tries to respond to 

this need. A number of aspects and concepts unique to the industry are identified and 

analysed in the following discussion. 

 

The production process 
The manufacture of pulp and paper involves many different and varied operations. 

Since the invention of papermaking, many different fibres have been used for its 

manufacture. These have included the fibres of flax and mulberry, the stalks of 

bamboo and other grasses, various leaf fibres, cottonseed hair, wool, asbestos, and the 

woody fibres of trees. Cotton and linen rags and straw have also been used. Many 

research projects have been conducted on the possible use of glass fibres, rayon, 

nylon, and other synthetics to impart unique properties to the sheet of paper. 

However, wood contnues to be the primary raw material from which paper pulp is 

made (Lavigne, 1993). 

Before wood can be made into pulp, it must be reduced to its basic components. 

Wood is made up primarily of cellulose fibres bound together with lignin, a glue-like 

binder, plus sugar, gums, resins, and mineral salts in lesser quantities. The object of 

pulp manufacturing is to separate the wood into fibres and other components, remove 

the undesirable components, and provide means for treating the fibre to produce a 

suitable pulp for the paper mill. The conversion of wood into wood fibres is usually 

carried out by one or a combination of three general types of processes, namely, 

mechanical, chemical and semichemical, depending on the type of wood used and the 

requirements of the end product. The simplest pulping method is generally referred to 

as mechanical pulping. It differs from other pulping processes in that the reduction of 

wood to fibres is essentially a physical process in which the fibres are actually pulled 

away from each other by the application of some type of mechanical force. Chemical 

pulping cooks the wood chips in a chemical solution under pressure until the fibres 

are separated by dissolution of their lignin binder and fall apart with little or no 

mechanical action. Depending on the type of wood used and the kind of paper desired, 
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two main chemical processes are used, sulfite and sulfate. Sulfite is used in the 

manufacturing of writing, high-grade book and other fine papers, while sulfate is used 

in virtually every paper grade. Semichemical pulping combines mechanical and 

chemical methods. A chemical process is used to weaken the lignin binding for the 

fibres, while a mechanical process later separated them. Semichemical pulp produces 

stiff, resilient products and is mainly used in making corrugated paperboard and 

similar items. Analogous to pulping is the recycling of wastepaper, which is also 

carried out with chemical and/or mechanical means. 

Pulp, produced by any of the foregoing processes, is made into paper, frequently 

in a mill that is at the same location as the pulp mill (referred to as an integrated mill), 

or it is dried and shipped to a paper mill located remotely from the pulp mill. The 

actual papermaking process starts by giving the pulp (and/or the recycled paper) its 

desired properties after which the pulp is sent to the paper machine. Most pulp cannot 

be used for papermaking as it comes from the pulp mill. To obtain the desired 

qualities, pulps having different may be blended and dyes and special additives are 

also included to achieve specific colour and physical properties of the sheet. These 

operations are usually referred to as stock blending. The stock is then fed into the 

paper machine to form a sheet of wet fibres. The water is removed by pressure and 

evaporation and the dry sheet then undergoes various finishing treatments depending 

upon the intended use. The last step in the papermaking process is called converting 

and involves the transformation of some types of paper into finished products like 

corrugated board, boxes and bags. Converting operations are usually separate from 

paper mills and are normally carried out by independent firms. 

 

Raw Materials 
The three main raw materials employed by the pulp and paper industry are wood, 

wastepaper and chemicals. In paper production, 46 percent of the volume of raw 

material consists of pulp (both mechanical and chemical), 39 percent of secondary 

fibres and 15 percent of chemical components on average in the European paper 

industry (CEPI, 1999a). In most continental European countries and in the UK, 

secondary fibres are the most dominant raw material due to dense populations in these 

areas, which ensures a good supply of secondary fibres. In less densely populated 

areas, such as the Nordic countries, primary fibres are the most important raw 

material, although the use of secondary fibres is steadily increasing. 
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Wood is the single most important element and the very basis of the pulp and 

paper industry. Primary fibre, derived from wood, is the most important cost element 

in most pulp and paper products. Wood constitutes over 55 percent of pulp production 

costs while pulp and recovered paper account for over 40 percent of paper production 

costs on average in the European pulp and paper industry. In the past, the location of 

wood resources has, to a large extent, determined the location of pulp and paper 

industry production units. The need for virgin fibres will never be eliminated because 

successive re-pulping tends to lower the quality of recycled fibre, eventually making 

it unusable. Primary fibres are often added to secondary fibres to maintain strength 

and other qualities. The paper industry uses most of the wood residue from the 

woodworking industries, either as a raw material for pulp or as a source of energy and 

often as both. 

Wood costs in Western Europe are high relative to other regions, partly due to 

low forest growth and partly due to long delivery distances and, in many countries, 

scattered lots of wood. Remedies for the high wood costs are possible through 

afforestation and improvement of existing forests. Although, in theory, the availability 

of wood in Europe is good, there are several factors reducing the practical availability. 

These factors include: small size of the private lots; topography; continuous increase 

of protected areas and repeated public demands to increase such areas further. These 

reductions of practical availability constrain the supply of wood in Europe, which in 

turn adds to the costs of wood and, implicitly, of wood pulp. 

Wood has to go through many steps before being shipped to the paper mills, 

whilst wastepaper usually can be shipped directly to the paper mills. Hence, paper 

mills using large amounts of wastepaper in their production are less dependent on 

pulping capacity and forest resources. Wastepaper used by the paper industry is often 

subdivided into separate categories, or grades, since different paper and board 

products requires different grades of wastepaper. In Western Europe, the trend for 

recycling paper and board is on the increase. In 1997, over 33.5 million tons was 

processed by the industry after collection. This was an increase of 6.9 percent 

compared to 1996, representing an additional 2.2 million tons (CEPI, 1999a). The 

wastepaper utilisation rate of 44 percent still provides room for further improvements 
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although technical, economic and environmental limits must be recognised (ibid).3 

Figure 2 shows the utilisation of different wastepaper grades in various paper and 

board products. 
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Figure 2: Recovered paper utilisation in the production of paper products, 1998 
for Western Europe 

Source:  CEPI, 1999b 
 

In the production of case materials4, more than 90 percent of the fibre input is derived 

from wastepaper. The other extreme case is ‘other graphic paper’ where less than 10 

percent of the fibre input is derived from wastepaper. A possible reason for the large 

discrepancy between the two extreme cases could be that ‘other graphic paper’ 

requires a higher quality on the fibre inputs to obtain certain desired properties on the 

paper product, which cannot be obtained by the use of wastepaper. 

The third most important raw material, chemical components, constitutes about 

15 percent of total production costs and is of particular importance for coated paper 

                                                 
3 Utilisation rate is defined as the ratio between wastepaper consumption and paper and board 

production.  
4 Case materials can roughly be defined as shipping boxes made from corrugated board or solid 

fibreboard. Other graphic papers include paper for graphical purposes excluding newsprint. The 

remaining P&B grades are newsprint, folding boxboard, wrapping and other packaging, household and 

sanitary paper. 



 13 

and pulp. The pulp and paper industry use many types of chemicals, fillers, coating 

materials and other additives. In the chemical-pulp industry, both cooking and 

bleaching chemicals are used. The mechanical-pulp industry and some of the 

recovered paper treatment plants also use bleaching chemicals. When de-inking 

recovered paper, ink-removing chemicals are needed. Some of the chemicals are 

produced as a by-product of the pulping process. Most chemicals, which do not stay 

in the final product can be recuperated from the process and reused. Some are 

incinerated for energy generation.  

 

Capital and investments 
The pulp and paper industry is a highly capital-intensive sector. Capital costs typically 

add 30 percent or more to total production costs (CEPI, 1999a). A green-field pulp 

mill requires an investment of US$ 500-700 million, depending on the amount of 

infrastructure investment needed, while a new paper machine for production of grades 

like newsprint or board requires an investment of approximately US$ 300 million. 

Investments in paper machines capacity require large amounts of fixed capital and 

each investment results in a major capacity increase. In addition, there is a time lag of 

several years between the decision to invest in new capacity and the realisation if this 

capacity. Because of the sunk capital costs, companies are not so flexible to adapting 

to major changes in demand.  

Another aspect of investments in the pulp and paper industry is that the industry 

is characterised by substantial economies of scale. Investment costs per unit of output 

decline markedly with size. It has been estimated that a one percent increase in mill 

size can be expected to reduce unit costs by 0.1–0.15 percent (Wibe, 1987). In pulp 

production and the production of more standardised paper products the optimal scale 

of operation tends to approach the maximum technically feasible, whereas for 

specialised products scale is determined more by market conditions. 

 

Other production factors 
Besides the raw materials and capital, two more production factors, will briefly be 

discussed, namely energy and labour. The pulp and paper industry is a large consumer 

of energy. There are basically three reasons for the high energy need. The pulping 

process requires large amounts of thermal and/or electrical power to separate the 

fibres followed by the whole mechanical process of papermaking and finally the 



 14 

transformation of the stock into a dry material. Approximately one half of the energy 

needs in the industry is supplied internally by burning wood waste and other residuals, 

but the balance is purchased (Zavatta, 1993). Since the mid 1970s the energy needs 

per ton of output has steadily declined due to various technological improvements. 

However, energy costs still constitutes up to 20 percent of the total production costs. 

For these reason the availability of abundant and cheap energy still remains a decisive 

factor for competitiveness. Although the industry is not, in general, labour intensive, 

labour costs still constitute about 15 percent of total production costs. Unit labour 

costs vary strongly between European countries, partly due to differences in the social 

charges that are added to wages. 

 

Geographical differences in production factors and productive capacity 
Geographically, the European pulp and paper industry consists of two quite different 

regions, the continental region (including the UK) and the Nordic region (Sweden, 

Norway and Finland). Table 3 provides an overview of several important differences 

between these two regions both with respect to raw material and to productive 

capacity. Notably, continental Europe is much less endowed with forest resources 

than the Nordic countries. The Nordic countries have almost 45 percent more forest 

resources than continental Europe and over 26 times more forest resources per capita. 

In contrast, continental Europe collects some 13 times more wastepaper than the 

Nordic countries. The reason is of course the much larger population in continental 

Europe. On a per capita basis the two regions have fairly similar paper recovery. The 

share of secondary fibres in total fibre usage is more than 56 percent in continental 

Europe, while the corresponding figure for the Nordic countries is about 10 percent. 

Table 3 also illustrate fundamental differences in the industry’s productive 

structure. Continental Europe has a highly fragmented and dispersed location pattern, 

with a large number of small mills. The capacity of an average pulp mill in the Nordic 

countries has more than double the capacity of a continental pulp mill. Moreover, the 

average Nordic paper mill has almost four times the capacity of the average paper mill 

in Continental Europe. Continental Europe produces much more paper than pulp 

compared to the Nordic countries, and thus depends to a larger extent on imports of 

pulp. 
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Table 3: Major differences between continental Europe and the Nordic 
countries in 1998  

 Continental Europe Nordic 
Total commercial forest resources (1,000 km2)** 350 506 
Forest resources per capita (km2 per 1000 people)** 1.1 28.8 
Total paper recovery (1,000 tons) 34,998 2,496 
Paper recovery per capita (ton per 1000 people) 90 134 
Share of secondary fibres in total fibre use (percent) 56.4 10.5 
Number of pulp mills* 109 106 
Production capacity of average pulp mill (1,000 tons per year) 124 260 
Number of paper mills 905 107 
Production capacity of average paper mill (1,000 ton per year) 69 252 
Ratio pulp/paper production (percent) 21.6 102.2 

Source: CEPI (1998), FAO and Romme (1994). 
* Include both integrated and non-integrated.  
** Based on 1994 figures. 
 

Paper products 
The largest European paper producing countries are Germany, Finland, Sweden and 

France. In the 1990s, 52 percent of the EU’s paper production consisted of graphic 

paper grades, 38 percent packaging paper grades and 10 percent hygiene and 

speciality papers (CEPI, 1998). Overall, the paper industry is a strongly segmented 

industry, which produces a wide range of paper and board for a variety of purposes. 

Paper and board products are usually classified in terms of their end uses and grouped 

into three broad categories: (1) Graphic paper, which includes newsprint and all other 

grades of printing and writing papers. (2) Industrial paper and board, including 

wrapping, packaging and construction uses. (3) Household and sanitary papers, 

including various grades of tissue papers. Certain paper products require that almost 

all fibres are virgin because wastepaper increases the risk for contamination. 

Given the great variety of end uses, most paper and board grades are not 

substitutes. Several separate markets exist, in which the different paper grades are 

sometimes in competition with non-paper products, e.g. plastic and metal. 

 

Pertinent data on the European pulp and paper industry 
The annual turnover of the European pulp and paper industry was about US$ 50 

billion in 1998. In the same year over 250,000 people were employed by the industry. 

The annual production of paper and board was 79 million tons in 1997. The average 

annual production growth has been 3.3 percent per year between 1980 and 1997. 

Western Europe is a significant net exporter of paper and board, but a net importer of 

pulp. The industry is also fragmented, some 850 companies operate more than 1,000 

pulp and paper mills in Europe, almost half with a production of less than 25,000 tons 
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per year. 85 pulp and paper mills have a capacity of over 250,000 ton per year; 58 of 

these mills are in Finland, Sweden and Germany. Many of the small and medium 

sized companies concentrate on speciality products and niche markets (CEPI, 1999a). 

Figure 3 depicts the largest paper and paperboard producing companies in Western 

Europe in 1999. 

Since 1980, the concentration process at company level has increased. The 20 

largest companies have doubled their share of total paper production and now hold 62 

percent of the production (CEPI, 1999a). During the 1990s, the paper industry has 

increasingly integrated into the paper-converting sector, especially the packaging and 

hygiene product sectors. The benefits coming from manufacturing higher value-added 

products closer to the consumer coupled with a more stable price and earnings 

situation have driven this process (ibid). 
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Figure 3: Major paper producing companies in Western Europe 1999  

Source: CEPI (1999a). 

 

Summary of papers 

The main contribution of this thesis is to assess the importance of raw materials for 

the pulp and paper industry, when choosing investment sites. This has often been a 

neglected area in location studies. The two following papers both have the same 

purpose, but different methodological approaches are used.  
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Paper I – A Continuous Investment Model Assessing the Impact of Wastepaper on the 
European Pulp and Paper Industry 

In the first paper we develop a continuous Cobb-Douglas investment model with the 

purpose of finding and estimating the investment determinants for the European pulp 

and paper industry, with special focus on the impact of recovered paper. The analysis 

is carried out within a neo-classical locational framework in which firms minimise the 

production and transportation costs for both input factors and for output products. We 

use a panel of data consisting of ten European countries over the period 1978 to 1995. 

The results suggests that both short and long run aspects of wastepaper recovery tend 

not to be important determinants of investment activities in the pulp and paper 

industry, whereas the price of wood pulp and electricity together with existing 

capacity seem to be more important. Furthermore, we found that an increase in the 

relative labour costs would increase the investment level, which goes against the 

stated hypothesis that higher labour costs would decrease the investment level. The 

effect labour costs exert on investments can be explained by the strong correlation 

between labour costs and productivity. High labour costs can be offset by a high 

productivity, which would reduce the labour costs per unit of output. Comparing the 

economic significance of the market size and raw materials coefficients suggests that 

the pulp and paper industry is input-orientated when choosing investment site.  

 

Paper II – Choice of Location for Investments in the European Paper Industry: The Impact 
of Wastepaper 

In the second paper we employ a different approach to the same problem. In this 

paper we develop a conditional logit model and compile the number of investment 

projects that were scheduled to be completed in 16 European countries between 1985 

and 1995. In contrast to the first paper, which used continuous data, this model 

employs discrete data for the dependent variable. A discrete variable counts the actual 

number of times a certain event has taken place, i.e., the number of investment 

projects. The same set of determinants as in the first paper is used to ease comparing 

the two papers. We further break down the investment projects into four paper grades, 

which allow us to analyse the effects of wastepaper in greater detail. The results 

suggest that factor input prices in general and the price for wastepaper in particular 

are neither statistically nor economically significant location determinants for a paper 
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manufacturer. Furthermore, the results suggest that market size and agglomeration 

effects are more important than the price of raw materials for location. 

 

Concluding remarks 

On the basis of the results from the two papers, we can conclude that the price of 

wastepaper is not an important determinant for the European pulp and paper industry 

when choosing investment sites. Price driven policies aimed at stimulating paper 

recovery may therefore fail to achieve increased investments in the industry. At the 

same time, both papers suggests that agglomeration effects, i.e., existing productive 

capacity, is an important determinant. The economic significance of the 

agglomeration coefficients suggests that the power of sunk costs is important. 

Investments are largely diverted to existing capacity and the ability to attract new 

establishments is limited. 
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I. INTRODUCTION 

 

One of the oldest manufacturing industries in Europe is the paper industry. 

Papermaking was introduced by the Moors in Spain during the 11th century, and, from 

there, spread to other areas in Europe. The manufacturing process was entirely done 

by hand up until the 19th century when the introduction of continuous paper machines 

came. At the same time, with the introduction of new technology, the use of raw 

material changed from rags to wood (Zavatta, 1993). 

During the 20th century the Scandinavian paper and pulp producers became the 

dominant European players in the industry. Although total output, i.e. combined pulp, 

paper and board production, from producers in the EU is bigger (56 million metric 

tons in 1995) than the output from their Scandinavian counterparts (46 million metric 

tons), the Scandinavians developed more efficient production facilities and logistics, 

and, in addition, profited from their access to extremely abundant forest resources.  

However, the European paper and pulp industry is currently facing a structural 

transformation process, which benefits especially paper and pulp mills located in 

continental Europe (Romme, 1994). This transformation includes increasing demand 

for higher added value products, the increasing use of recycled paper as raw material 

instead of pulp and the environmental regulations imposed on the industry (Ibid.). In 

the past several years, paper recycling has expanded from being driven by internal 

economic incentives from the paper industry to government sanctioned promotions 

and legislations5. This has increased the amount of recycled paper available for the 

paper industry. 

Focusing on the increasing use of recycled paper, this could indicate that 

investments in the paper industry will be diverted toward countries with relatively 

high wastepaper availability relative the other investment alternatives. Recycled paper 

has always been used in paper manufacturing, but recent developments in paper 

                                                 
5 An example of this policy approach is offered by the German legislation on packaging passed in June 

1991 (Zavatta, 1993). The law mandates retailers to recycle their own packages as well as the packages 

they sell and recommends the use of a minimum packaging material. Such a kind of more restrictive 

legislation is likely to have a major impact on the industry on two accounts. First, it will result in a 

fundamental review of the use of disposable materials in packaging, with a likely negative impact on 

the demand for some paper grades. Second, the anticipated growth in wastepaper collection will bring 

about major changes in the so far fairly fragmented wastepaper trade business (ibid). 
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recovery and production technology have allowed for higher substitution between 

virgin fibre and secondary fibres. A major lack in empirical studies is to give these 

factors adequate consideration; especially since paper recovery differences across 

countries could play a growing role in the investment decisions done by the pulp and 

paper industry. Thus, a neglected area when analysing investment decisions in the 

pulp and paper industry is the impact raw material has on the locational. 

The purpose of this paper is to estimate the relative impact that recycled paper 

has on the choice of location for investments in the West European6 pulp and paper 

industry. We limit our analysis to selected European countries, mostly due to data 

scarcity, and to the years 1978 through 1995. The investment model is based on a 

Cobb-Douglas functional form and estimated with both fixed and random effects. The 

results should be of interest to policy makers when discussing and planning paper-

recycling schemes, and facilitate projections of future investment in the industry. 

The next section describes investment characteristics for the pulp and paper 

industry followed by the model and data issues in section III. Section IV handles the 

model specification. Finally, the results from the estimation are presented followed by 

conclusions. 

 

 

II. THE ECONOMICS OF INVESTMENT IN THE EUROPEAN PULP 

AND PAPER INDUSTRY  

 

In 1980 more than US$ 3,084 million were invested in the West European paper 

industry. The investments reached a trough in 1983 at US$ 1,209 million only to 

increase and peak at US$ 3,453 million in 1990 (Industrial Statistics Yearbook, 

annual). Investment cycles like this are common, and the pulp and paper industry is 

no exception. The industry has three important features concerning investment: 

substantial capital requirements, a high degree of asset specificity, and unusual market 

cyclicality (Yin, 1998). Substantial capital requirement exists because this is a capital-

intensive activity, and the technology is characterised by economies of scale. Paper 

and paperboard mills, with an annual production of over 300,000 tons, account for 75 

                                                 
6 For our purposes Western Europe includes Austria, Finland, France, Germany, Italy, the Netherlands, 

Spain, Norway, Sweden and the UK. 
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percent of the industry capacity. The corresponding percentage for pulp mills is 58.5 

percent (ibid). To achieve economies of scale a substantial initial investment is 

required. The current cost estimate for building a modern paper and paperboard mill is 

in the order of US$ 400-500 millions (Zavatta, 1993). The degree of specificity of an 

asset is defined as the fraction of its value that would be lost if it were excluded from 

its major use. Pulp and paper mills are obviously established for pulp and paper 

production. Outside of their specific uses of manufacturing pulp and paper, plant and 

equipment lose much of their value. Therefore, once set up, they will continue to be 

used for their designed purpose. High capital requirements and asset specificity 

underscore the lack of reversibility and flexibility in operating pulp and paper mills. 

This, in turn, makes the industry vulnerable and sensitive to stochastic market 

conditions. In general, pulp, paper and paperboard prices are highly cyclical. These 

prices, though rising at a faster pace from the late 1980s compared to earlier, present 

more volatility than does the price index for all industrial commodities (Yin, 1998). 

Strong competition and the irregular patters of capacity expansions and inventories 

often exacerbate price fluctuations, resulting in wide market swings (Pulp and Paper 

International, annual). Among the studied countries, three are persistently among the 

top four recipients of investment expenditures (Table 1). 

 

Table 1: Relative ranking of investment recipient countries 

1980 1988 1995 

France Germany Finland 

Germany Finland Germany 

Sweden France Sweden 

Finland Sweden UK 

Italy UK Austria 

Norway Italy Netherlands 

UK Austria Italy 

Austria Netherlands Spain 

Netherlands Norway France 

Spain Spain Norway 

Source: Industrial Statistics Yearbook, annual 

 

These are Germany, Sweden and Finland, all of which have a large existing pulp and 

paper production that require a steady stream of investments to maintain and improve 
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current capacity. More interesting, though, is the relative climb of countries such as 

the Netherlands, Austria, the UK and Spain. This is of special interest since both the 

UK and The Netherlands are not well endowed with forest resources, relative the 

other studied countries, thus indicating that other factors that affect the investment 

decision are present, such as, for example, wastepaper in abundance. The changing 

characteristics of these countries are believed to explain a large part of the shift in the 

relative ranking of investment recipients. 

 

 

III. MODEL AND DATA 

 

In this section, we discuss the determinants that are likely to influence investment 

decisions in the pulp and paper industry. Considerations are given both to factor 

inputs and proximity to the markets for the finished goods, all in the context of 

minimising production and transportation costs. We also discuss possible 

agglomeration effects that might exist for the pulp and paper industry.  

The neoclassical location theory states that investments will be diverted to 

countries where the prices of production factors are relatively low. The agglomeration 

effects suggest that production capacity has a tendency to form clusters, i.e., 

investment will be located in countries with already large production capacity. If 

proximity to markets were important for the pulp and paper industry, investments 

would be located in countries with high GDP. Our investment function can thus be 

expressed as, 

 

[1] 

 

where I is the gross fixed capital formation expressed in real US$. Gross fixed capital 

formation is an estimate referring to the value of purchases and own-account 

construction of fixed assets less the value of corresponding sales for each year and 

country. All variables are defined in table 2, which also presents where the data have 

been collected.  

Neoclassical location theory has been developed along two main lines, namely 

the profit maximising and cost minimising schools. Both approaches are based on 

( )AGDPPOPDENPPPPfI ELPW ,,,,,,=
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perfect information and perfect rationality necessary to compute an “optimal” 

location. Moreover, both approaches derive ideal patterns of location mainly from a 

consideration of transportation costs and scale economies. Profit maximising models 

focus more on transportation costs to spatially distributed markets, while cost 

minimising models focus more on the transportation costs of spatially distributed 

inputs and incorporate the effects of location conditions on spatial variations in cost 

structures. Traditionally, but by no means exclusively, profit maximising models have 

been applied in the context of personal and retail services, while cost minimising 

models have evolved primarily with respect to manufacturing (Hayter, 1997). 

However, profit maximising models can be applied to manufacturing and attempts to 

combine the two approaches have been made (Smith, 1971). Since the pulp and paper 

industry is considered an input orientated industry we follow the tradition and focus 

on the input cost structures and only implicitly account for demand considerations by 

using an income variable. 

 

Table 2: Description and sources of the variables 
Variable Description Source 
I Gross fixed capital formation  

(million US$) 
Industrial Statistics Yearbook. 
Paper Europe Reference Manual. 
Paper European Data Book. 
 

PW Wastepaper price (US$/ton) OECD, International Trade by 
Commodities Statistics. 
 

PP Pulp wood price (US$/ton) OECD, International Trade by 
Commodities Statistics. 
 

PL Real labour costs (US$/hour) ILO, Yearbook of labour statistics. 
Industrial Statistics Yearbook. 
ISTAT, Italy in Figures. 
 

POPDEN Population density (people/km2) Demographic Yearbook. 
 

PE Real price of electricity (US$/kWh) IEA, Energy Prices and Taxes. 
 

GDP Real GDP (US$) World Bank, World Development 
Indicators (CD-ROM). 
 

A 
 

Production capacity of pulp and paper 
(million metric tons) 

FAO’s Forestry Database. 
 

 

Two different raw materials are considered in this study. First, we explore 

wastepaper as an input factor in the pulp and paper industry. The utilisation of 

wastepaper in paper and board (P&B) production varies strongly depending on the 
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grade of P&B being produced. In 1998 ‘case materials’7  production had an 

astonishing utilisation rate of 89.9 percent, on average, among the CEPI member 

countries, while ‘other graphic papers’ only utilised 7.1 percent wastepaper in its 

production. The remaining grades of P&B utilised between 42.4 and 64.6 percent 

(CEPI, 1999b). Hence, wastepaper is an important raw material in the process of 

papermaking. Wastepaper prices (Pw) are measured in US$ per metric ton in the 

respective countries and year and have been calculated through export values and 

quantities.8 In the short run wastepaper prices are, however, highly volatile (Edgren 

and Moreland, 1989). This makes investment decisions based on wastepaper prices 

more or less inaccurate and may, at times, render the mill uncompetitive. Investments 

are often based on long-run considerations, which makes in essential for firms to 

consider long-run aspects. To capture the long run affect we have opted to include 

another measurement for wastepaper availability. Following Gray and Shadbegain 

(1998) we use population density as a proxy for long run wastepaper recovery, which 

we denote POPDEN. In the long run, we believe that differences in wastepaper prices 

between countries are correlated with population density. We expect that higher PW 

will have a negative effect on investments while higher POPDEN will have a positive 

effect. 

The second raw material considered is wood resources. Primary fibre is the most 

important cost element in most pulp and paper products. Wood fibre constitutes over 

55 percent of the pulp production costs while pulp and recovered paper account for 

over 40 percent of paper production costs (CEPI, 1999a). The price of wood pulp is 

therefore believed to be a significant determinant of investments. For this reason, 

pulpwood is the second raw material considered in this study. Pulp wood prices (PP) 

are measured in US$ per metric ton and calculated from export values and quantities.7 

Wood pulp is a typical high-volume and low-value product and transportation costs 

                                                 
7 Case materials can roughly be defined as shipping boxes made from corrugated board or solid 

fibreboard. Other graphic papers include paper for graphical purposes excluding newsprint. The 

remaining P&B grades are newsprint, folding boxboard, wrapping and other packaging, household and 

sanitary paper. 
8 OECD’s International Trade by Commodities Statistics (ITCS) reports export values and export 

quantities by country, year and commodity. Export prices for wastepaper were calculated by dividing 

the export values by the export quantities for commodity 2511. For wood pulp prices the same 

procedure where conducted for commodity 246. 
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make direct access to forest resources an obvious prerequisite to pulp production and 

an important factor in the manufacture of paper grades for which gains from physical 

integration are sizeable. This requirement is much less stringent for firms engaged in 

the production of other paper grades and, in general, its importance has been 

somewhat reduced by the availability of techniques allowing for an increasing use of 

wastepaper. 

Although the paper industry is not, in general, labour-intensive, labour costs still 

constitute about 15 percent of total production costs and the impact on total costs is 

far greater as labour forms an important part of all other input cost items (e.g., wood, 

recovered paper and transport). Total direct labour costs, including social charges, are 

high across Europe but exhibit strong variations between individual countries. High 

productivity and skill levels can partially offset higher labour costs but low-labour-

cost countries still constitute an alternative for investments. PL denotes the total 

labour costs facing the paper industry in the studied countries. We expect that higher 

labour costs will deter investment decisions. 

The industry is a large consumer of energy even though some modern mills are 

net energy producers. As a cost input, energy accounts for about 10-15 percent of total 

production costs. To capture the effect of energy costs we include the variable PE, 

which is the electricity price charged to manufacturing industries. The electricity price 

is the average revenues per kWh received by all public utilities from all industrial 

sectors. We expect that higher electricity prices will deter investments.     

Paper consumption is strongly correlated with the general economic development 

(CEPI, 1999a). A high economic standard spurs the demand for paper products. GDP 

is highly correlated with the demand for packaging grades, while private consumption 

correlates with the demand for graphic and hygiene papers. Also, the level of 

economic development and demographic factors determine the level of consumption 

of paper products. Higher GDP generally means higher paper consumption. A 

location close to high income areas could thus reduce transportation costs or facilitate 

market access. If proximity to markets is important, firms would invest in countries 

with high GDP. For this reason, we include this as an explanatory variable.  

In investment location studies agglomeration effects are often believed to affect 

the choice of investment location (for a recent study see Head et al., 1999). 

Agglomeration effects operate when the presence of similar firms raises the 

probability that consequent investments will choose that location. If successfully 
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controlling for the other factors that influence the location choice, the estimated 

agglomeration effect represent the positive externalities conferred by proximate 

location choice. Agglomeration effects for the pulp and paper industry might involve 

a large and educated existing workforce pool, which reduces training costs and 

increases productivity for new employees. Furthermore, technical spill-overs might 

also constitute an agglomeration effect. However, in our specification, agglomeration 

effect will also capture the fact that most investments are so-called on-site 

investments. Relatively few green-field investments have occurred during the studied 

time period. Thus, the agglomeration effect will to a large extent show what impact 

existing capacity has on the investment decisions. We measure agglomeration effect 

by introducing the variable A, which is measured as total pulp and paper capacity.  

 

 

IV. MODEL SPECIFICATION AND INTERPRETATION 

 

This paper specifies and estimates an investment function. We begin by assuming that 

investment in the ith country (Ii) is determined by expected return πI, which in turn is 

a function of xi, so that: 

 

[2] 

 

where xi is a vector of the determinants of the expected return. We further assume 

zero perceived covariance between rates of return in different locations. This permits 

straightforward panel estimation of the investment function (Greene, 1997). We 

assume a Cobb-Douglas functional form for the investment function, so that: 

 

[3] 

 

where K is the total number of regressors. This allows for a ready interpretation of the 

β’s as elasticities. By taking the logarithm of equation [3] we get linearity in the 

parameters.  

Three different stochastic models will be estimated and compared using a panel 

data set for ten West European countries for the period 1978-1995. The models are: 

∏
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(1) Constrained least squares regression (CLSR), (2) Least squares dummy variables 

(LSDV) also known as the fixed effects model, and (3) Random effects model 

(REM). The difference between the first two is that the CLSR model assumes that all 

intercepts, and slopes, are the same for each cross-section in the panel, while the 

LSDV model allows separate intercepts, and slopes9, for each cross-section. The 

CLSR model treats the data panel as if there were only one effect that could fit all 

cross-sections in the panel. This gives the CLSR model a serious drawback, namely 

the inability to distinguish variance unique to independent cross-sections. With a large 

number of cross-sections this assumption becomes unrealistic, which makes the 

LSDV model more feasible. There are however some attractive aspects of the CLSR 

model. First, there is no need for any more complicated technique than ordinary least 

squares to derive estimates. Second, the simplicity of the model also forces the 

researcher to “stay close” to the data, i.e., uncover anomalies in the residuals, run 

more robust tests against autoregression and heteroscedasticity to establish the 

reliability of the estimates. Third, in the absence of a perfectly specified model, the 

CLSR model will be less likely to produce artificial estimates. Equation [4] shows the 

CLSR model. 

 

[4] 

 

where t is time points and α is the single intercept. In this model only one intercept is 

estimated.  

The LSDV model allows for separate intercepts either for cross-sections or time 

series. These intercepts cannot, however, explain for the between-unit variance or the 

variance over time. The intercept is simply a characterisation of the variance that 

attempts to minimise the bias in the “true” explanation. The intercept is thus what 

Maddala (1977) calls “specific ignorance” in contrast to the “general ignorance”, 

which is captured in the error term. The LSDV model may be written as: 

 

[5] 

                                                 
9 We will only allow for variations in the intercept terms. To allow for variation in the slopes across 

cross-section, new methodological issues are introduced, as well as considerable complexity in the 

calculations. A study on the topic is Cornwell and Schmidt (1984). 

ititkitI x ++= ’α

ititki

itititI

x

x

++=

++++=

’

’...dd 2it21it1

α

αα



 11 

 

 

where the αis are individual specific constants, the djs are cross-section specific 

dummy variables which equals unity only when j=i and �it is a disturbance with 

[ ] 0E it = and [ ] 2Var ε=it . Either time-specific or country-specific dummy variables 

(or both) can be used. This study will only estimate the investment function with 

time-specific dummy variables since much of the interesting variation in the data is 

across countries, reflecting conditions, which change only slowly. The use of country-

specific dummies would mean that this variation is removed from the estimation, 

leaving only short-run, within country changes as the basis for the parameter 

estimations (Wheeler and Mody, 1992). This approach would tell us very little about 

how firms choose among countries when making investment decisions. 

Turning to the random effect model (REM), which specifies that the intercept is 

a cross-section specific disturbance, similar to the error term except that for each 

cross-section there is but a single draw that enters the regression identically in each 

period. This approach is appropriate if we believe that sampled cross-sections were 

drawn from a larger population. The REM specification can be expressed as follows: 

 

 

[6] 

 

The component ui is the random disturbance characterising the ith observation and is 

assumed to be constant through time. The advantage of this model is that it does not 

require any assumption were the variance should be fixed, so, in the presence of weak 

or non-existing theoretical justification, no incorrect assumptions need to be made. 

The disadvantage is that this model is driven by random error. 

For estimation of equation [4]-[6], we translate the equations so that 

investments in country i are expressed relative to investment in some numeraire 

country j. This eliminates the problem of common effects in the fluctuations in the 

nominal values of the investments (Wheeler and Mody, 1992). Equation [7] illustrates 

the appropriate translation for equation [3], in which only the intercept terms differ 

between the three models. 

 

itiitit uI x +++= ’α
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[7] 

 

  

V. ESTIMATION RESULTS 

 

Our data are drawn from a panel of ten West European countries for the period 1978-

1995. For our relative investment model, Austria has arbitrarily been chosen as the 

numeraire country.10 Thus, the dependent variable is, for a particular country and 

year, the log of capital expenditures by the pulp and paper industry divided by 

equivalent observation for Austria. The independent variables are differences of the 

logs of the characteristics for sample countries and Austria. The CLSR model is 

estimated by simple ordinary least square, while the LSDV model by partitioned 

ordinary least squares. The REM model is estimated by two-step generalised least 

squares. For missing observations we assume a trend value appropriate for the 

variable. Table 3 reports the estimation results. In appendix A the intercept dummies 

are presented.  

We begin by testing which of the three stochastic models that best explains the 

investments undertaken. This is followed by a summary of the major findings. For the 

present, we should note that since the estimations were done with relative variables 

the interpretation of the coefficients is somewhat different than is customary. If x1 

increases one percent in a country relative to the numeraire country we would expect 

investments in that country to change accordingly with β1 percent relative the 

numeraire country. To begin with, we can note that the magnitude of the estimates is 

fairly similar across the different estimations. This would indicate that the results are 

relatively robust with respect to model specification. After conducting three separate 

tests we can conclude that the LSDV estimation is the most appropriate for further 

analyses11. 

                                                 
10 Since all equations are estimated using relative investment flows, the choice of numeraire can be 

made entirely arbitrarily and has no effect on the results. 
11 We have previously made the distinction between the two fixed-effect models and the random effect 

model. We will limit our further analysis to the estimation that best can describe the data set. It has 

been suggested that the distinction between fixed and random effects models is an erroneous 
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Table 3. Estimation results 
 Constrained Least 

Squares Regression 
(CLSR) 

Least Squares 
Dummy Variables 

(LSDV) 

Random Effects 
Model 
(REM) 

Adj. R2: 0.52 0.76 0.54 
F-statistics: 28.62 24.54 - 
Number of regressors: 8 25a 8 
Number of observations: 180 180 180 
 Coefficient T-ratio Coefficient T-ratio Coefficient T-ratio 
Constant -0.20 -2.02   -0.22 -2.20 
PW 0.03 0.18 -0.03 -0.20 -0.004 -0.03 
PP -0.21 -1.79 -0.16 -1.82 -0.18 -2.04 
POPDEN -0.08 -0.69 0.07 0.70 0.03 0.27 
PE 0.05 0.21 -0.25 -1.34 -0.16 -0.93 
PL 0.66 4.87 0.58 5.49 0.61 5.89 
GDP 0.17 1.52 0.05 0.61 0.09 1.01 
A 0.77 6.04 0.91 9.01 0.87 8.90 

a Includes fixed-effects dummies for years. 
Note: We use LIMDEP as estimation program. 
 

In sum, we can conclude that investments are indeed affected by time specific 

factors, making the LSDV model superior to the CLSR model. This is further 

cemented by the fact that investments in the pulp and paper industry are highly 

cyclical and would hence experience time-specific effects. The test for random effects 

exhibits evidence that speaks in favour of the fixed effect model, as does the Hausman 

test. We will, as a consequence of the tests, henceforth, only continue to analyse the 

estimation results from the LSDV model. 

The time-specific dummy variables, which are presented in appendix A, explain 

common time-specific effects that influence all the studied countries at the same time. 

This could be symmetric business cycles, introduction of new technologies, changing 

                                                                                                                                            

interpretation. Mundlak (1978) argues that we should always treat the time effects as random. The 

fixed effect models is simply analysed conditionally on the effects presented in the observed sample. 

One can argue that certain institutional factors or characteristics of the data argue for one or the other, 

but unfortunately, this approach does not provide much guidance. From a purely practical standpoint, 

the LSDV approach is costly in terms of degrees of freedom lost (this is however not a major problem 

in our estimation). On the other hand, the fixed effect models have one considerable virtue. There is no 

justification for treating the time effects as uncorrelated with the other variables, as is assumed in the 

random effect model. The random effects treatment, therefore, may suffer from the inconsistency due 

to omitted variables (see Hausman and Taylor, 1981 and Chamberlain, 1978). A simple F test rejects 

the hypothesis that the time effects are the same across the cross-sections. Furthermore, the Breusch 

and Pagan Lagrange multiplier test indicate that no randomness is evident in the data set. Finally, the 

Hausman test clearly speaks in favour of the fixed effect model. 
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competition patterns from competing regions, common policies affecting the studied 

region, etcetera. 

 Turning to the estimated coefficients for the LSDV model we begin by 

analysing the statistical significance and afterwards the economic significance, i.e. the 

magnitude, of the coefficients. 

 Labour costs, agglomeration effects and wood pulp price are all statistically 

significant determinants (at the 10 percent significance level) when choosing 

investment site while the price for wastepaper and electricity, population density and 

market size are not. In addition, PL does not have the expected sign. It was 

hypothesised that an increase in relative labour costs would reduce the investment 

levels. However, the results suggest that an increase in relative labour costs would 

increase the investment level. The effect labour costs exert on investment can be 

explained by the strong correlation between real labour costs and productivity. High 

labour costs can be offset by a high productivity, which in turn would reduce the 

labour costs per unit of output. The remaining coefficients all have the expected sign.  

 The magnitude of the coefficients, or the economic significance, in absolute 

terms, varies strongly between the determinants, with wastepaper price having the 

smallest affect while the agglomeration effects have the largest. The agglomeration 

coefficient indicates that a one percent increase in the relative pulp and paper 

production capacity would increase the relative investments levels with 0.91 percent. 

Existing production capacity attracts investments both through the need for 

continuous investments to keep the existing capital stock and through, what we might 

call ‘true’ agglomeration effects. This ‘true’ agglomeration effects are the so-called 

technical spill-overs and a skilled pool of workers from which an investor can hire 

workers with the necessary skills. The estimation results do not allow us to separate 

these two effects; only an aggregate is attained. Furthermore, since on-site 

investments are more common then green-field investments we believe that the 

agglomeration variable largely capture the flow of investments that goes into existing 

capacity. The PL coefficient indicates that a one percent increase in the relative labour 

costs would increase relative investments in a country by 0.58 percent. Market size 

have a small impact, relative the other coefficients, or a one percent increase in the 

relative GDP would increase the investment level by 0.05 percent. The price of 

electricity has a lager impact, which is explained by that the pulp and paper industry is 

energy intensive in its production. A one percent increase in the relative electricity 
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price would decrease the investment level by 0.25 percent. The PP coefficient 

indicates that a one percent increase in the relative wood pulp price in a country 

would decrease the relative investment levels in the pulp and paper industry with 0.16 

percent, while a similar increase in the price for wastepaper would only decrease the 

investment level by 0.03 percent. This indicates that the pulp and paper industry is 

more sensitive for changes in the price for its primary input factor than for 

wastepaper. To capture the long run differences in wastepaper prices we included 

population density as an explanatory variable, compared to the short run differences 

that the price for wastepaper captures. However, both the long and short run aspects 

of wastepaper price have a small impact on the investment levels, which further 

enlarge the conclusion that wood pulp is the dominant raw material for paper making. 

 

 

VI. CONCLUSION 

 

The purpose of this paper has been to analyse the relative impact of wastepaper on 

investment levels in the European pulp and paper industry. A Cobb-Douglas 

investment function has been estimated. The results indicate that labour costs, price of 

wood pulp and agglomeration effects are statistically significant determinants for the 

locational choice for investments in the European pulp and paper industry, while the 

impacts of the prices for wastepaper and electricity, market size and population 

density are less conclusive.  

Both the short and long run wastepaper prices, i.e., PW and POPDEN has a 

smaller impact than the price of wood pulp, thus indicating that the pulp and paper 

industry still considers proximity to wood resources essential. Strictly from an 

investment perspective, countries have more to gain from active attempts to reduce 

wood pulp price rather than the price for wastepaper. Paper recovery stimulation has 

already happened to some extent for most European countries. Various legislations 

and government sanctioned recycling programs have already been implemented. The 

possibilities to further increase the supply of wastepaper is perhaps reduced but 

nevertheless present. Investments can also be stimulated by changes in the wood pulp 

price. This can be done in different ways. One possible approach would be to 

stimulate dedicated wood plantations, with the sole purpose of supplying pulpwood to 
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the industry. Another policy measure to increase the supply of wood pulp could be to 

actively support paper firms’ acquisitions of forestland, which could be exploited.  

 The small impact market size has, relative the other coefficients, compared with 

the factor input prices would indicate that the pulp and paper industry is indeed an 

input-orientated industry. The industry will choose its investment site not so much out 

of consideration for its output markets as for input factors. The magnitude of the 

agglomeration coefficient indicates that the power of sunk costs is important. 

Investments are largely diverted to existing capacity and the ability to attract new 

establishments is limited. 

Finally, it would prove useful, in future studies, to include a larger spatial 

interdependence. Even though a firm choose to invest in one country it still has the 

option to buy input factors and sell paper products across national boarders. Thus, not 

only are the domestic price levels of interest but also the relation between the 

domestic price levels and the price levels in bordering countries. This is especially 

true for the EU region that has agreed upon free factor mobility between its member 

countries. 
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Appendix 

 

Estimated time-specific dummy intercepts for the LSDV model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year Coefficient T-ratio 
1978 -0.67 -3.50 
1979 0.65 3.85 
1980 0.50 3.01 
1981 0.30 1.77 
1982 -0.10 -0.63 
1983 -0.70 -4.33 
1984 -1.27 -7.85 
1985 -0.19 -1.17 
1986 -0.83 -5.15 
1987 -0.36 -2.20 
1988 0.44 2.63 
1989 -0.03 -0.20 
1990 -0.51 -3.18 
1991 -0.66 -4.07 
1992 -0.30 -1.83 
1993 -0.05 -0.27 
1994 0.03 0.20 
1995 -0.29 -1.71 
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I. INTRODUCTION 

 

Wastepaper, seen as an input factor – a raw material – in the paper industry, may, in a 

considerable way alter the economic behaviour and structural composition of the 

industry. Since wastepaper is becoming an increasingly important raw material in 

paper production, the utilisation rate has increased from 31.6 percent in 1985 to 41.9 

percent in 1995; the present paper explores to what extent the location decisions for 

investment projects in the paper industry will be affected in consequence.  

The proposed hypothesis is that wastepaper is a significant determinant 

affecting the location decision for investment projects in the European paper industry. 

Countries with high paper consumption levels, together with well-developed recycling 

programs, constitute an alternative to the more traditional location sites, e.g., forest-

endowed areas. The choice between wastepaper and pulpwood, or a mix between the 

two, is according to neo-classical location theory based upon least cost solutions. This 

implies that investments will be diverted to countries, ceteris paribus, where input 

factors, such as forest resources or wastepaper, are more abundant, and less 

expensive, so that transportation and raw material costs can be minimised. The effect 

of increasing wastepaper recovery could thus start or amplify a structural change in 

the European paper industry. The production capacity could begin to relocate from 

forest-endowed countries like Sweden and Finland to more wastepaper-endowed 

countries, i.e., countries with large populations and a large paper and board 

consumption. 

A similar structural adjustment, as the one outlined above, occurred in the early 

days of papermaking (Hunter, 1955). Then, manufacturing facilities were located in 

densely populated areas to access cheap and plentiful supplies of the principal 

contemporary raw material, rags. When pulpwood-processing technologies were 

introduced in the mid nineteenth century, the industry experienced a significant 

structural and economic change. Forests became the main source of raw material. 

Together with an increasing demand for paper and board, the industry started a 

transitional phase that fifty years later ended with larger and, in a demographic 

perspective, decentralised production. Having spent the twentieth century ‘out in the 

woods’, paper producers might be ready to return to the ‘urban forests’ created by 

modern recycling programmes. Hence, the purpose of this study is to identify the 
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relative impact that wastepaper has on the locational choice for the investment 

decisions of the European paper industry. For this purpose we develop a discrete 

investment model for the European paper industry based on factor input prices, 

demand considerations for paper products and agglomeration effects. The investment 

model is then estimated using a conditional logit model by employing data for 16 

European countries for the years 1985 to 1995. 

Section II describes the technological constraints in the use of wastepaper and 

the development of wastepaper recovery and utilisation, while section III outlines a 

conditional logit model of the locational choice. Section IV describes and explains the 

data set used and section V discuss the results from the conditional logit model. The 

conclusions are presented in section VI. 

 

 

II. WASTEPAPER RECOVERY AND UTILISATION12 

 

In recent times, technical development coupled with social awareness has allowed the 

paper industry to become one of the leading recyclers in Europe. The sharp increase 

in paper recycling from 1985 onwards, almost a doubling, has ensured an increasing 

supply of wastepaper and a drastic decrease in the final disposal of paper in landfills, 

see figure 1. A major portion of this growth in paper recovery has been attributed to 

changes in technology, scarcity of virgin fibre, efforts to reduce manufacturing costs, 

inadequate landfill capacities and various legislations. A record 31 million metric tons 

of recovered paper was used by the West European paper industry in 1995 for the 

production of new paper, an 89 percent increase compared to 1985. The collection 

and recycling of paper in Western Europe amounted to 46 percent of total paper 

consumption in 1995. In the same time period, the paper industry increased its 

wastepaper utilisation from 31.6 percent in 1985 to 41.9 percent in 1995. 

 

                                                 
12 In recent years, industry trade association such as the American Forest and Paper Association, the 

Confederation of European Paper Industries and the Bureau of International Recycling have dropped 

the term ‘wastepaper’ in favour of ‘recovered paper’ to avoid an association with solid waste. Other 

terms used interchangeably with wastepaper include paper stock, recovered fiber, recyclable paper, 

scrap paper and secondary fiber.  
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Figure 1: Wastepaper recovery and utilisation rate between 1985 and 1995 for 

EU, Norway and Switzerland 
Sources: Paper Europe Reference Manual and Paper European Data Book. 
 

The need for virgin fibres will never be eliminated because successive re-pulping 

tends to lower the quality of recycled fibre, eventually making it unusable. Primary 

fibres are often added to secondary fibres to maintain strength and other qualities. 

Different paper production technologies use different qualities of the secondary fibres. 

Newsprint production is least sensitive in the selection of secondary paper. Usually, 

old newspapers are used. For tissue, old newspapers together with high-grade de-

inked wastepaper qualities constitute the main body of used wastepaper. For kraft and 

board production the most commonly used wastepaper quality is old corrugating 

medium and other paper products that have greater strength. 

Figure 2 depicts the wastepaper recovery and forest resources for selective 

European countries. The figures in parentheses are the total number of investment 

projects announced in the period 1985-1995. 

Sweden and Finland, closely followed by France, are the most forest-endowed 

countries while Denmark and Ireland are the least forest-endowed. Germany is the 

undisputable leader in paper recovery. This can be attributed to the size of the 

population but also to legislations and promotions imposed by the German 

government. The number of investment projects in each country clearly shows that 

the availability of raw material, i.e., wastepaper and forest resources, matters when 
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choosing investment site. Germany, France, Finland and Sweden received more than 

half of the number of investments. These countries have, at the same time, the highest 

endowment in forest resources and wastepaper, Sweden and Finland in forest 

resources and Germany and France in wastepaper. 
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Figure 2: Forest resources and wastepaper recovery distribution among 
European countries on average for the period 1985-1995 

Sources: Paper Europe Reference Manual, Paper European Data Book  
and FAO (1985-95) 

 

Clustered near the origin in figure 2 are Denmark, Ireland, Portugal and Greece. 

These countries received only a fraction of the total number of investments, but at the 

same time they have nearly no raw material to offer. 

 Given the increase in paper recovery and utilisation rate in Europe and the 

spatially distribution of forest resources and wastepaper recovery within European 

countries, what effect will that have on the choice of investment site for the European 

paper industry. 
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III. THE MODEL 

 

This section develops a model for the country level determinants of the frequency 

distribution of investment projects, across 16 European countries between 1985 and 

1995. It is assumed that a firm will choose to invest in a particular country if doing so 

will maximise expected profit.13 In this framework, the attributes of the investment 

alternatives, i.e., the countries, are observed rather than the characteristics of 

individual firms. Furthermore, in the discrete choice framework, the observed 

dependent variable is an indicator of which country was most preferred by the 

investor. All that is known about the other countries is that they were judged inferior 

to the one chosen. The underlying functional form for the investment model is 

assumed to be log linear. 

 

[1] 

 

where π is profit and xj is the vector of observed attributes for country j and � is the 

single vector of parameters to be estimated. If a firm chooses country j in particular, it 

is assumed that πjt is the profit maximum within the entire group of countries. The 

model is made operational by a particular choice of distribution for the disturbances. 

McFadden (1974) has shown that if the J disturbances are independent and identically 

distributed with Weibull distribution then the probability of choosing country a is 

 

 

[2] 

 

 

where yt is [a random variable that indicates the choice made] the frequency of the 

choice made. There is a single vector of parameters to estimate regardless of the 

number of parameters used. The maximum likelihood estimate of � is obtained by 

maximizing the likelihood function: 

                                                 
13 We use a static model of the investment decision. It is appropriate if firms discount future profits 

heavily or if they base expectations of future values of the independent variables for each country on 

current values (Head et al, 1999).  
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[3]  

 

 

The probability of choosing a specific country for investments depends on the 

levels of its attributes that affect profits relative to the levels of these attributes in 

other countries.  Profit maximising firms will choose to invest in such a way as to 

yield the highest possible profit. Thus, the location decision for the investment is 

based upon factors that affect revenues and costs and how they vary over space. 

 

 

IV. THE DATA 

 

The problem of location for industrial plants has traditionally been restricted to new 

plants, where the location decision is seen as the last one of a series of investment 

decisions. A more comprehensive approach, however, would be more valuable 

(Townroe, 1969). Not only are we interested in new mills, but wastepaper might also 

influence the locational choice of investment projects that goes into existing capacity. 

Furthermore, if we limited investment projects to only include new mills we would 

not get enough observations.  Following Townroe’s suggestion we have compiled all 

capacity increasing investment projects in the European paper industry that began (or 

were scheduled to begin) operations between 1985-1995, as recorded by FAO (1985-

95). For each investment project, information is given on the year of completion; type 

of product manufactured and net capacity increase. For convenience, investments 

resulting in less than 10,000 metric tons per year in increased capacity are dropped. 

Furthermore, double entries in the data set are eliminated, however, due to the length 

between announcements and start date for some projects, no guarantee can be made 

that all double entries are eliminated, e.g., firms changes names and revise the 

projects. The data set is arranged in a panel for the 16 included countries, spanning 

from 1985 through 1995.14 Furthermore, for the purpose of this study the investment 

data set is subdivided into four subcategories. The first three categories should not 

constitute any interpretation problem. They are, (1) Newsprint, (2) Tissue and (3) 
                                                 
14 EU plus Norway and Switzerland. Belgium and Luxemburg are treated as one entity. 
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Writing and printing paper. The fourth category, which we call (4) Board, is an 

aggregate of kraftliner, testliner, linerboard, folding boxboard, fluting medium and 

corrugating medium. In total 400 investment projects took place. Of these, newsprint 

production accounted for 52, tissue for 49, writing and printing paper for 161 and 

board for 138 (see appendix A). The independent variables are compiled from various 

sources, see table 1.  

The price of wastepaper and wood pulp are derived from trade data published 

by OECD (1961-1998). The prices are obtained through export values and export 

quantities. Since we are separating the investment projects by paper grades, it would 

be more appropriate to also use disaggregated prices for the different wastepaper 

grades since different paper products require different grades of wastepaper for 

optimal use. However, no data is available on wastepaper price by grade, which limits 

our estimation to the derived aggregated wastepaper price. 

 

Table 1: Summation of independent variables 
Variable Definition Unit Source 
PW Real wastepaper price US$/metric ton OECD, International Trade by 

Commodities Statistics. 
 

PP Real wood pulp price US$/metric ton OECD, International Trade by 
Commodities Statistics. 
 

PE Real electricity price US cent per kWh 
(including tax) 
 

IEA, Energy Prices and Taxes. 

PL Real hourly wage US$ per hour ILO, Yearbook of labour statistics. 
Industrial Statistics Yearbook. 
ISTAT, Italy in Figures. 
 

POPDEN Population density People/km2 Demographic Yearbook. 
 

GDP Real GDP US$ World Bank, World Development 
Indicators (CD-ROM). 
 

A Agglomeration effects Production Capacity of 
Pulp and Paper (million 
metric tons) 

FAO’s Forestry Database. 

 

We expect that both wood pulp and wastepaper prices should have a negative 

effect on the probability of attracting investments. Furthermore, the wastepaper price 

is highly volatile, which, in the short run, could make investment decisions based 

upon wastepaper price uncertain. For this reason we include a population density 

variable (POPDEN) as a proxy for long run wastepaper prices. 
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Since the paper industry is energy-intensive, an energy variable is included in 

the estimation to represent the relative cost of energy. Many mills produce a large part 

of their own energy needs e.g., through combustion of production residuals. In this 

way about one half of the industry’s energy requirement is generated (Zavatta, 1993), 

but the balance must be purchased in the form of electricity or fossil fuels. The energy 

variable is measured by the general electricity price charged to the manufacturing 

industry and expressed in US$ per kWh. The prices are average revenues per kWh 

received by all public utilities from all industrial sectors. Higher electricity prices are 

expected to deter investment projects. Labour market conditions are assumed to be 

captured by a wage variable. The wage rates are the real hourly rate paid to employees 

in the paper industry converted to a common currency, US$. Italy, however, is an 

exception. Due to lack of industry specific data, the average wage rate for the 

manufacturing sector is used instead. Furthermore, data for a few separate years are 

missing and replaced with appropriate trend values. Demand aspects for the finished 

paper products are measured by real GDP, expressed in US$. The market variable is 

expected to have a positive effect on the allocation of investment project. 

Agglomeration effects are often used in location studies (for a recent study, see for 

example Head et al., 1999). Agglomeration effects operate when the presence of 

similar firms raises the probability that subsequent investors will choose that location. 

If a study successfully controls for other factors that influence the location choice, the 

estimated agglomeration effects represent the positive externalities conferred by 

proximate location choice. Existing productive capacity in a country is used as a 

proxy for agglomeration effects and is expected to attract investment projects.  

All independent variables are normalised relative the variable mean. This 

procedure aids in the interpretation of the coefficients and in their estimation. 

Moreover, the normalisation allows for the relative ranking of countries for each 

determinant to change over time as countries experience uneven periods of growth 

and decline, while removing systematic drift in the variables due to growth trends 

over the sample period (Friedman et al., 1992). 
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V. RESULTS 

 

The primary goal of the estimation is to assess the statistical and economic 

significance of paper recovery on the choice of location for investment projects in the 

European paper industry. As a measure of the goodness of fit, the correlations 

between the predicted numbers of investment project for each country and the actual 

numbers are provided. The correlations ranges from 90 percent (Board) to 96 percent 

(All) and are presented in table 2. The high correlation between the actual and 

predicted investment projects can be interpreted as that our investment model can 

explain a large part of the actual investment behaviour. 

 

Table 2: Actual vs. predicted investment projects 

Newsprint Tissue Writing and 
Printing Paper 

Board All 
 

A P A P A P A P A P 
Austria 1 1 1 1 10 10 11 7 23 19 
Benelux 0 0 2 1 7 4 1 3 10 8 
Denmark 0 0 1 1 3 2 2 1 6 4 
Finland 5 5 0 1 28 22 27 20 60 48 
France 9 11 8 7 19 18 16 15 52 50 
Germany 6 9 7 9 30 33 25 27 68 74 
Greece 0 0 1 2 0 1 3 2 4 6 
Ireland 0 0 0 0 1 1 0 0 1 1 
Italy 1 3 11 9 5 10 4 10 21 32 
Netherlands 2 1 0 1 5 6 7 5 14 13 
Norway 4 5 1 1 3 6 3 5 11 18 
Portugal 0 0 2 1 5 6 1 4 8 10 
Spain 4 3 7 6 10 11 10 10 31 33 
Sweden 11 9 2 1 13 14 9 15 35 40 
Switzerland 2 1 1 1 6 7 3 4 12 12 
UK 7 4 5 7 16 10 16 10 44 32 

( )PP,ˆCor  0.91 0.94 0.94 0.90 0.96 

NOTE: A = Actual, P = Predicted. 

 

Turning to the coefficient estimates, table 3 shows the results of the conditional 

logit analyses of locational choice. The coefficients can be interpreted as elasticities, 

meaning that a one percent increase in the independent variable k relative to the mean 

will cause approximately a βk percent change in the estimated probability.  

Wastepaper prices are not a statistical significant determinant, at 10 percent 

significance level, for a paper manufacturer when choosing site for an investment, 

regardless of paper grade being manufactured. The proxy for long-run wastepaper 

price, POPDEN, fails to show any statistical significance for tissue, writing and 
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printing paper and for board production. However, for newsprint and for all 

investment projects population density is statistically significant15. 

 

Table 3: Conditional logit model results 

Newsprint Tissue Writing and 
Printing Paper 

Board All  
(1) (2) (3) (4) (5) 

PW 0.11 
(0.25) 

0.49 
(1.59) 

-0.12 
(-0.50) 

-0.17 
(-0.68) 

-0.02 
(-0.17) 

PP 0.25 
(0.92) 

0.53 
(2.67) 

-0.33 
(-1.86) 

-0.03 
(-0.20) 

0.01 
(0.07) 

PE -0.99 
(-1.34) 

0.81 
(1.20) 

0.95 
(2.41) 

0.57 
(1.39) 

0.53 
(2.22) 

PL -0.06 
(-0.11) 

-1.23 
(-2.58) 

-0.23 
(-0.95) 

-0.33 
(-1.22) 

-0.41 
(-2.66) 

POPDEN -0.65 
(-1.80) 

-0.38 
(-1.13) 

-0.24 
(-1.32) 

-0.24 
(-1.18) 

-0.31 
(-2.65) 

GDP 0.86 
(2.50) 

0.92 
(2.60) 

0.13 
(0.74) 

0.12 
(0.61) 

0.28 
(2.52) 

A 0.40 
(1.26) 

-0.003 
(-0.008) 

0.59 
(3.48) 

0.73 
(3.66) 

0.54 
(4.96) 

Log- hood -118 -110 -396.8 -334.9 -985.2 

NOTE: T-statistics within parentheses. 

 

Wood pulp price is a statistical significant determinant when choosing 

investment sites for tissue and for writing and printing paper production but not for 

newsprint and board production. Moreover, wood pulp price do not have the expected 

sign for tissue. Electricity price exhibit statistical significance for writing and printing 

paper and for all investment projects. In both cases, the estimated coefficients do not 

have the expected sign. Labour market conditions are only a statistical significance 

determinant for tissue and for all investment projects. GDP is a statistical significance 

determinant for newsprint, tissue and for all investment projects and finally, 

agglomeration effects are statistically significant for writing and printing paper, board 

and for all investment projects.  

                                                 
15 The coefficients have the following elasticity-like interpretation: 

( )aall
al

a Px
x

P −=
∂
∂

1
ln

ln β  

where 
aP is the average estimated probability (

aP ≈0.06), xal is the lth element of the attribute vector xa 

and βl is the lth element of the coefficient vector �. Because the means of the independent variables 

equal unity, an effect of the normalization, the estimated coefficients can roughly be interpreted as 

elasticities.  
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The elasticities for wastepaper price ranges from 0.49 down to –0.17, indicating 

that our hypothesis that higher wastepaper price would deter investments can be 

rejected for the paper grades with positive estimates, i.e., newsprint and tissue. 

Furthermore, since newsprint and tissue production has high utilisation of wastepaper, 

we find the results puzzling. Population density has, overall, a higher economic 

significance than wastepaper price. However, for every one of the paper grades, the 

population density exhibits an unexpected sign. Population density was expected to 

capture long-run differences in wastepaper price across countries, with a higher 

population density indicating a higher supply of wastepaper and hence lower 

wastepaper price. The wood pulp price estimates follows the same path as the 

wastepaper price estimates, in that that they both shows an unexpected sign for 

newsprint and for tissue. Comparing the raw material estimates, i.e. wastepaper price, 

wood pulp price and population density, ignoring the estimates that exhibits the 

“wrong” sign, writing and printing paper investment projects are heavily influenced, 

relative the other coefficients, by the price of wood pulp while less so by the price for 

wastepaper. A one percent increase in the price of wood pulp would decrease the 

probability that a country receive an investment with 0.33 percent, while the same 

change in the price of wastepaper would only decrease the probability with 0.12 

percent. This result is plausible since writing and printing paper production employs 

small amounts of wastepaper in their production. In board production, the wood pulp 

price is not economic significant compared to the price for wastepaper. Since board 

production include, to a large extent, case materials, which utilise more than 80 

percent wastepaper, the result in encouraging. A one percent increase in the price of 

wastepaper would decrease the probability that a country would receive an investment 

with 0.17 percent, while the same change in the price of wood pulp would only 

decrease the probability with 0.03 percent. Labour costs have the largest influence 

when considering investments in tissue capacity, while newsprint investments exhibits 

smaller influence from labour costs. GDP, or market size, has overall a large impact 

on investments compared to raw materials. The GDP estimates ranges from 0.12 for 

board production to 0.92 for tissue. Finally, the agglomeration effects also exhibit a 

high economic significance when choosing investment site. The high economic 

significance of agglomeration effects, measured by the existing productive capacity, 

also indicate that sunk costs in the paper industry is extensive, i.e. investment projects 

are diverted to countries with an already high existing productive capacity. 
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In sum, the price of wastepaper, wood pulp and the population density seem to 

have smaller effects than labour costs, market size and agglomeration effects on the 

probability that a country will be the recipient of investment project from the 

European paper industry. The results suggest that the paper industry is output-

orientated. Even though the paper industry is not considered labour intensive, it still 

weight labour cost heavily when choosing investment site. 

 

 

VI. CONCLUSIONS 

 

In this paper, selected aspects of the way in which economic environments affects the 

locational behaviour of investment projects in the European paper industry have been 

empirically analysed, with special focus on wastepaper. Observations were made on 

the chosen location for investment projects in the European paper industry. 

 We hypothesised that the price for wastepaper, wood pulp and electricity 

together with labour costs, market size, population density and agglomeration effects 

are the major determinants for paper manufacturer when choosing a country to invest 

in. According to our results, we find no statistical significance for the price of 

wastepaper and varied statistical significance for the remaining determinants.  

According to our results, the determinants that most influence a paper 

manufacturer in the decision to invest are labour costs, market size and agglomeration 

effects. The estimated elasticities suggest that the European paper industry is more 

concerned with labour costs, market size and agglomeration effects than raw material 

factor input prices. Thus, the result shows that paper production is output orientated; 

meaning that market conditions for the finished paper product has a higher impact on 

the location decision then input factors. This is contrary previous results and goes 

against current axiom in the paper industry. Raw materials still play an important role 

in the location decision, but the results indicate that market conditions are more 

important.  

The lack of economic and statistical significance for the price of wood pulp and 

wastepaper might be due to that both wastepaper and wood pulp are tradable. 

Although transportation costs are relatively high, a large fraction of the wastepaper 

and pulp wood consumption in, for example, Sweden and Finland are imported. 
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Contrary to this, labour is less mobile, thus the need to consider the local labour 

markets. 

The high economic significance of agglomeration effects might suggest that 

investment projects tend to be diverted to existing productive capacity. The sunk cost 

of existing paper mills is extensive, which could explain why paper-manufacturing 

firms refer to invest in existing productive capacity. 
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APPENDIX 

 

Table A1:  Newsprint investment projects 
Newsprint 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Total 

Austria 0 0 0 0 0 1 0 0 0 0 0 1 
Benelux 0 0 0 0 0 0 0 0 0 0 0 0 
Denmark 0 0 0 0 0 0 0 0 0 0 0 0 
Finland 0 0 0 2 1 0 0 0 1 0 1 5 
France 0 0 1 3 0 2 2 0 0 0 1 9 
Germany 0 0 0 0 2 0 0 0 0 4 0 6 
Greece 0 0 0 0 0 0 0 0 0 0 0 0 
Ireland 0 0 0 0 0 0 0 0 0 0 0 0 
Italy 0 0 0 1 0 0 0 0 0 0 0 1 
Netherlands 0 0 1 0 1 0 0 0 0 0 0 2 
Norway 0 0 0 2 0 0 1 1 0 0 0 4 
Portugal 0 0 0 0 0 0 0 0 0 0 0 0 
Spain 0 0 0 0 0 1 1 1 1 0 0 4 
Sweden 2 1 0 3 1 0 1 1 0 2 0 11 
Switzerland 0 0 1 0 0 0 0 0 0 1 0 2 
UK 1 1 0 0 2 0 1 0 0 0 2 7 

Total 3 2 3 11 7 4 6 3 2 7 4 52 

Source: FAO, 1985-1995.  

 

Table A2: Tissue investment projects 
Tissue 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Total 

Austria 0 0 0 0 0 0 0 1 0 0 0 1 
Benelux 0 0 0 1 1 0 0 0 0 0 0 2 
Denmark 0 0 0 0 1 0 0 0 0 0 0 1 
Finland 0 0 0 0 0 0 0 0 0 0 0 0 
France 1 1 0 0 1 2 1 2 0 0 0 8 
Germany 1 2 1 0 3 0 0 0 0 0 0 7 
Greece 1 0 0 0 0 0 0 0 0 0 0 1 
Ireland 0 0 0 0 0 0 0 0 0 0 0 0 
Italy 2 0 5 1 0 2 0 0 1 0 0 11 
Netherlands 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 1 Norway 
Portugal 0 0 0 0 0 0 1 1 0 0 0 2 
Spain 0 0 0 0 0 1 0 4 2 0 0 7 
Sweden 0 0 0 0 0 0 0 0 0 0 1 1 
Switzerland 0 0 1 0 0 0 0 0 0 0 0 1 
UK 1 0 0 0 0 1 0 0 1 0 2 5 

Total 7 3 7 2 6 6 2 8 4 0 3 49 

Source: FAO, 1985-1995. 
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Table A3: Writing and printing paper investment projects 
WPP 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Total 

Austria 1 0 2 0 1 0 2 1 0 1 2 10 
Benelux 1 2 0 0 0 2 0 0 0 2 0 7 
Denmark 0 0 0 0 1 0 0 1 0 1 0 3 
Finland 2 6 1 6 3 2 4 2 0 1 1 28 
France 2 2 1 4 2 3 3 1 0 0 1 19 
Germany 4 2 3 3 3 3 3 3 2 1 3 30 
Greece 0 0 0 0 0 0 0 0 0 0 0 0 
Ireland 1 0 0 0 0 0 0 0 0 0 0 1 
Italy 0 1 0 0 0 0 2 2 0 0 0 5 
Netherlands 2 0 1 2 0 0 0 0 0 0 0 5 
Norway 0 0 0 0 1 0 0 1 1 0 0 3 
Portugal 0 0 0 0 2 1 1 0 1 0 0 5 
Spain 0 0 0 0 1 1 2 1 5 0 0 10 
Sweden 2 2 1 1 2 1 0 1 1 1 1 13 
Switzerland 0 1 0 1 0 0 1 1 2 0 0 6 
UK 4 2 0 0 2 4 0 3 0 1 0 16 
Total 19 18 9 17 18 17 18 17 12 8 8 161 

Source: FAO, 1985-1995. 

 

Table A4: Board investment projects 
Board 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Total 
Austria 1 0 1 0 1 0 2 3 2 1 0 11 
Benelux 0 0 0 0 0 0 0 1 0 0 0 1 
Denmark 0 0 0 0 0 1 0 0 1 0 0 2 
Finland 1 3 0 1 4 2 3 7 0 3 3 27 
France 1 2 1 3 2 1 1 4 0 0 1 16 
Germany 0 0 2 2 5 5 3 3 2 1 2 25 
Greece 2 1 0 0 0 0 0 0 0 0 0 3 
Ireland 0 0 0 0 0 0 0 0 0 0 0 0 
Italy 0 0 2 0 0 1 0 0 1 0 0 4 
Netherlands 1 4 0 1 0 0 1 0 0 0 0 7 
Norway 0 1 0 0 0 0 0 0 1 0 1 3 
Portugal 0 0 0 1 0 0 0 0 0 0 0 1 
Spain 0 0 0 0 0 1 2 3 1 2 1 10 
Sweden 1 1 1 1 1 0 1 0 2 1 0 9 
Switzerland 0 0 1 0 1 0 0 0 0 1 0 3 
UK 1 2 0 2 3 3 0 2 1 1 1 16 
Total 8 14 8 11 17 14 13 23 11 10 9 138 

Source: FAO, 1985-1995. 


