
DOCTORAL THESIS

Department of  Business Administration and Social Sciences
Division of Economics

2002:36 • ISSN: 1402 - 1544 • ISRN:  LTU - DT - - 02/36 - - SE

ROBERT LUNDMARK

The Role of Wastepaper in the
Pulp and Paper Industry

Investments, Technical Change and Factor Substitution

2002:36



The Role of Wastepaper in the  

Pulp and Paper Industry:  

Investments, Technical Change  

and Factor Substitution 

 

 

 

 

 

 

Robert Lundmark 

 

 

 

 

Division of Economics 

Luleå University of Technology 

Department of Business Administration and Social Sciences 

SE-971 87 Luleå, Sweden 

 

 

 

 

 

 

 

 

 

 

Keywords: Pulp and Paper Industry; Wastepaper; Investment; Location; Translog; Cost 

Function; Substitution; Technical Change; Sweden; Europe; Elasticity. 



 i

Abstract 

 

 

 

 

During the last decades environmental concerns have resulted in an increased focus on 
wastepaper recovery and use. Many analysts suggest that the growing importance of 
wastepaper in paper and paperboard production has: (a) been stimulated not only by 
ambitious recycling policies, but also by fundamental technical advances in the 
production process; and (b) in turn given rise to important structural changes in the 
industry’s investment behaviour. The overall purpose of this dissertation is to analyse 
the role of wastepaper as an input factor in the production of new paper and paperboard 
products. Specifically, three different aspects of wastepaper use are analysed: (a) 
investment behaviour and the role of wastepaper availability; (b) the impact of 
technological change on wastepaper use; and (c) the degree of input substitutability 
between wastepaper and other production factors. The dissertation comprises six self-
contained papers out of which the three first analyse investment behaviour, while the 
remaining three focus on technical change and input factor demand. 
 Papers I-III attempt at answering the question of whether wastepaper availability, 
measured either as price or quantity, has a profound impact on investment behaviour in 
the European pulp and paper industry. Two discrete and one continuous investment 
models are developed and empirically implemented. The results indicate that the impact 
of short-run wastepaper availability on investment decisions is ambiguous, and also 
differs across paper grades. In some model specifications, no evidence supports the 
notion that short-run wastepaper availability matters for investment location choice in 
the paper and pulp industry. The analysis of long-run wastepaper availability produces 
similar ambiguous results but this variable has, in general, a somewhat larger impact on 
the investment decision. The other driving factors behind investment decisions analysed 
in the papers include: (a) other raw material prices and/or quantities, both domestic and 
import; (b) wage; (c) energy price; (d) output market size; (d) agglomeration effects; 
and (e) taxes. 
 Papers IV-VI analyse the production technology of the Swedish pulp and paper 
industry. Specifically, they focus on the impact of technical change on wastepaper use 
and on wastepaper demand elasticities. The analyses are conducted within variable 
Translog cost functions, and by employing mill-level data for four different paper 
grades over the time period 1974-1994. Even though the rate of technological progress 
has been considerable in the Swedish pulp and paper industry, the results suggest that its 
impact on the use of wastepaper has been relatively small. In addition, the results 
suggest that the own-price elasticities of wastepaper demand, as well as the substitution 
possibilities with other input factors, are relatively high even in the short-run. For some 
of the paper grades the own-price sensitivity of wastepaper demand has also increased 
over time due to technical advances.  
 Overall, it can be concluded that the alleged role of wastepaper as the main 
driving force behind a structural and technical change in the pulp and paper industry 
appears somewhat overrated. Wastepaper has been economically used by the industry 
for a long time, and the relatively recent policy-induced increase in wastepaper use does 
not imply fundamental changes in the behaviour of the pulp and paper industry.  
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Preface 

 

 

 

 

Introduction 

The overall purpose of this dissertation is to analyse the role of wastepaper as an input 

factor in the European and, in particular, the Swedish pulp and paper industry. 

Even though wastepaper has been used economically in the production of new 

paper and paperboard products long before the political agenda included any 

environmental concerns, it became one of the first targets of the producer responsibility 

legislations in various countries. Generally, the producer responsibility legislations 

stipulate an increasing recovery rate of wastepaper and an increased use of wastepaper 

in the production of new paper and paperboard products. In 1975, along with many 

other European nations, the Swedish government gave an advance warning of the 

producer responsibility ordinance in its preparatory work regarding solid waste 

management (Prop., 1975). Even though the intent to introduce such a legislation was 

announced in 1975 it was not enacted until 1994 (SFS, 1994:1205). This gave the pulp 

and paper industry time to consider their future utilisation of wastepaper and adapt their 

production structure accordingly.  

As a consequence, not only has the recovery of wastepaper increased but so has 

the significance of wastepaper in the production of new paper and paperboard products. 

By examining the utilisation of fibre inputs it can be seen that in Sweden between 1974 

and 1994, the share of virgin woodpulp out of the total fibre input decreased on average 

from 61.6 per cent to 45.4 per cent, while wastepaper increased its share from 31.8 per 

cent to 39.1 per cent (PEDB, annual). The same pattern is also evident for Europe as a 

whole. Table 1 shows that the ratio of wastepaper consumption to virgin woodpulp 

consumption has increased consistently since 1970 suggesting a growing utilisation of 

wastepaper compared to virgin woodpulp in Europe.  

Many economists propose that the growing importance of wastepaper in paper 

and paperboard production has: (a) been stimulated not only by ambitious recycling 

policies, but also by fundamental technical advances in the production process; and (b) 



 

 

2 

in turn given rise to important structural changes in the industry’s investment behaviour. 

Examples of such claims are easily found in the literature. 

 

Table 1. Wastepaper and woodpulp consumption in EU (15), Norway and Switzerland  
 1970 1975 1980 1985 1990 1995 1998 
Wastepaper 
Consumption (106 mt) 

9.3 10.8 14.6 17.6 22.1 29.8 31.7 

Woodpulp 
Consumption (106 mt) 27.1 25.9 30.6 32.9 38.8 41.4 42.9 

Ratio wastepaper/woodpulp (%) 34 42 48 53 57 72 74 

Source: FAO. 

 

First, technical change, it is argued, has facilitated an increased use of wastepaper 

by encouraging substitution between virgin woodpulp and wastepaper and through 

improved processes for eliminating contaminations and, hence, increasing the 

possibility to utilise lower grades of wastepaper (e.g., Nilsson, 1988; Zavatta, 1993; 

Rehn, 1995). The role of changes in raw material availability as an important driving 

force behind technical change was recognised early by Hayter (1976). Collins (1992) 

states more explicitly that: “[…] new technology has also allowed large-scale 

substitution of recycled paper for virgin fibre”. A striking example of this technological 

development allowing large-scale substitution of wastepaper for virgin woodpulp can be 

found in the burst of small market pulp mills, or “mini-mills”, that have emerged during 

the last decades and that almost exclusively use wastepaper as the only fibre input 

(Patrick, 1994). 

Second, according to many authors, the increased role of wastepaper spurred by 

technical change has, in turn, caused a change in the investment behaviour of the pulp 

and paper industry (e.g., Romme, 1994; Collins, 1992; Hellgren and Melin, 1992). 

Collins (1997) and Zavatta (1993) argue that wastepaper should have an impact on the 

structure of paper and paperboard production in Europe and, hence, on the investment 

behaviour. Collins (1997) further claims that such a structural change is under way but 

provides little empirical evidence. In brief, the improved prospects for using wastepaper 

efficiently in the production of new paper products have shed some new light on the 

possibility to invest in densely populated areas in Europe in order to access abundant 

supplies of wastepaper, rather than investing in the forest rich regions. For example, 

SCA – one of the largest firms in the pulp and paper industry worldwide – has invested 

in mills located in Laakirchen (Austria) and Aylesford (UK). These two pulp-producing 
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mills depend heavily on wastepaper as an input. Clearly, the locations of these specific 

investments have been influenced by the proximity to abundant wastepaper supply. 

According to Romme (1994) this reflects a general trend in the pulp and paper industry. 

He concludes that: 

 

“[…] the increasing role of wastepaper challenges the traditional 

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

Finland and Sweden. […] Scandinavian investments in new capacity for 

newsprint production, both by acquisitions and new machines, are 

increasingly located in Western European countries, especially France and 

the UK.”     

 

Figure 1 depicts the relative average change in productive capacity for 10 

European countries and provides some support for the notion that an increasingly large 

share of European pulp and paper investments occur in the densely populated European 

continent.  
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Figure 1. Changes relative to EU average in paper and paperboard 
production capacity between 1984-1998 

Sources: PEDB (annual), PERM (annual) and CEPI (annual). 

 

However, in spite of the above, we still know very little of the role of wastepaper in 

stimulating this development, or whether other factors have been more important. It 
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seems evident that these issues need further empirical analyses in order to be more 

clearly understood.  

 

Contributions to the literature 

The above empirical observations and claims provides the starting point for the analyses 

in this dissertation. The main contribution of the papers presented herein consists of the 

explicit implementation of wastepaper in traditional microeconomic models of 

investment, technical change and factor demand. Even though wastepaper has become 

an increasingly important raw material in papermaking it is often omitted or neglected 

as an input factor in previous studies on the behaviour of the pulp and paper industry 

(e.g., Lindberg, 1953; Barr and Fairbairn, 1974; Hayter; 1978; Stier, 1980; Boungiorno 

and Gilless, 1980; Boungiorno et al., 1981; Pittman, 1981; Sherif, 1983; Singh and 

Nautiyal, 1984; DeBorger and Boungiorno, 1985; Stier, 1985; Martinello, 1985; Wibe, 

1987; Quicke et al., 1990; Hetemäki, 1990). Overall, this dissertation therefore attempts 

to fill these research gaps by: (a) assessing the role of wastepaper in the pulp and paper 

industry’s investment behaviour; (b) analysing the impact of technical change on the 

utilisation of wastepaper; and (c) estimating the price sensitivity of wastepaper demand 

and the substitution possibilities between input factors, especially that between 

wastepaper and virgin woodpulp and how this has developed over time. The dissertation 

comprises two basic parts, the first on investment behaviour and the second on technical 

change and factor demand.  

 

Investment behaviour 

Investment behaviour in the pulp and paper industry has received some attention from 

economists but also from regional scientists (e.g., Lindberg, 1953; Hunter, 1955; Barr 

and Fairbairn, 1974; Hayter, 1978; Zavatta, 1993; Collins, 1997; Nilsson and 

Söderholm, 2002; Bergman and Johansson, 2002). Most of the previous research on 

investment behaviour in the pulp and paper industry focuses on specific investment 

determinants, e.g., market size, taxes, local subsidies, transportation, personal 

preferences, with the purpose of examining their importance. However, a neglected area 

in these studies is the inclusion of raw material availability as an investment 

determinant and especially that of wastepaper availability. One notable exception exists, 

Bergman and Johansson (2002) explicitly include wastepaper price as an investment 
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determinant for the pulp and paper industry in 15 European countries during the time 

period 1988-1997. Investments are modelled as discrete choices. However, they do not 

find any support for the hypothesis that the wastepaper price is particularly important 

for the investment decision.  

The contribution of this dissertation to the above mentioned literature is its focus 

on the impact of wastepaper on the investment behaviour in the European pulp and 

paper industry. In addition, in contrast to the study by Bergman and Johansson (2002) a 

number of different measures of wastepaper availability is tested.  

 

Technological development and factor demand  

An important deficiency of many previous research efforts on wastepaper demand is 

that they do not build on a complete microeconomic model of the underlying paper-

producing technology and of the related derived demand for wastepaper (e.g., 

Anderson, 1977; Anderson and Spiegelman, 1977; Deadman et al., 1978; Plaut, 1978; 

Gill and Lahiri, 1980; Boungiorno et al., 1983). The factor demand studies in this 

dissertation build on a Translog cost function framework. There exists, however, also 

previous studies that analyse the demand for wastepaper within a solid microeconomic 

framework (e.g., Edgren and Moreland, 1989; Nestor, 1991; 1992; 1994; Rehn, 1995; 

Samakovlis, 2001) and it is useful to comment on these in more detail, especially the 

Swedish ones.  

Rehn (1995) analyses the impacts of technical change on the use of capital, 

energy, labour, woodchips, woodpulp and wastepaper, and concludes that wastepaper 

has been the subject of a technological development promoting its use. Samakovlis 

(2001) focuses primarily on the degree of short- and long-run inter-factor substitution in 

the Swedish paper industry. Her estimation indicates that technical change has had a 

negative impact on the utilisation of wastepaper.1 This finding contradicts the result of 

Rehn (1995). Common for these two studies is that they employ a simple time trend in 

their cost functions as a proxy for technological developments. Moreover, only the 

printing paper sector of the pulp and paper industry is analysed by Rehn (1995) while 

Samakovlis (2001) employ a single cost function and introduces dummy variables for 

different paper grades. In both cases a long-run cost function is specified, i.e., including 

the price of capital, although Samakovlis’s model is estimated using error correction 

                                                 
1 See Table A5 in Samakovlis (2001). 
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techniques permitting her to also analyse short run adjustments. Implicit in the long-run 

formulation is the assumption that the industry is in (long-run) static equilibrium and 

thus adjust very rapidly to input price changes. This assumption is not likely to be valid 

for industries in which the capital stock has a long lifetime, and where adjustments are 

costly. This is particularly true for heavy industries, such as the pulp and paper industry, 

where capacity expansions are planned and based on long-term forecasts, which easily 

can be inaccurate. For modelling purposes this implies that the capital stock ought to be 

treated as quasi-fixed and that a variable (short-run) cost function needs to be employed.  

The present dissertation differs from the above two studies by incorporating a 

more general approach towards estimating technical change through relaxing the 

characterisation of a smooth and slowly changing pattern of technical change, which is a 

consequence of using time trends. Furthermore, variable cost functions are specified for 

various paper grades allowing for different behaviour for different sectors of the pulp 

and paper industry with capital treated as quasi-fixed.  

    

Summary of papers 

The dissertation contains six papers of which the three first analyse investment 

behaviour, while the remaining three analyse technical change and input factor 

substitution possibilities for the pulp and paper industry. Papers I-III attempt at 

answering the question of whether or not wastepaper availability has had a profound 

impact on the investment behaviour in the European pulp and paper industry, while 

papers IV-VI analyse the production structure in the Swedish pulp and paper industry. 

Specifically, they analyse the role of wastepaper in the technological development that 

has occurred in the pulp and paper industry and to what extent wastepaper can be 

substituted for in the production of paper and paperboard products. 

 

I. Choice of Location for Investments in the European Paper Industry: The Impact of 

Wastepaper 

This paper analyses the relative impacts of factor input prices, output market size and 

agglomeration effects on investments the European pulp and paper industry, with a 

special focus on the role of wastepaper availability and price. Investment behaviour is 

analysed within a conditional logit model using panel data across 16 European countries 

over the time period 1985 to 1995. The results suggest that factor input prices, in 
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general, and the price for wastepaper, in particular, are neither statistically nor 

economically significant determinants of investment behaviour in the European pulp 

and paper industry. Instead, the results indicates that market size and agglomeration 

effects are generally given more weight than input factor availability in the investment 

decision process.   

 

II. Increasing Rates of Paper Recycling and the Locational Behaviour of Newsprint 

Producing Facilities in Europe (with Mats Nilsson) 

This paper analyses the impact of raw materials in general and wastepaper in particular 

on investment decisions in the European pulp and paper industry, with special emphasis 

on newsprint producing mills. It begins by describing the changes in newsprint 

production and wastepaper recovery that have taken place during the past two decades. 

We outline a conditional logit model of investment location and it is estimated using 

panel data from 13 Western European countries over the time period 1985-1995. The 

results indicate that electricity price, wastepaper availability and standing volume of 

forests are the major determinants of the locational choice for newsprint production 

capacity in Europe, while labour costs, real GDP and paper consumption per capita, and 

taxes are less important. Hence, overall the results suggest that the newsprint industry is 

input-orientated, with raw material availability playing an important role in the 

investment behaviour, not the least that of wastepaper availability. 

 

III. Investment Behaviour in the European Pulp and Paper Industry: A Panel Data 

Analysis 

This paper analyses the location of investments in the European pulp and paper 

industry. Three continuous investment models are estimated allowing for fixed as well 

as random effects using panel data for ten European countries over the period 1978-

1995. The results indicate that labour wages, market size and agglomeration effects are 

the most important determinants of investment levels. The impacts of raw material 

prices appear to be somewhat ambiguous. However, the long run wastepaper 

availability seems to matter in the sense of attracting investments. A comparison of the 

economic significance of changes in the costs of input factors with changes in the 

market size indicates that proximity to output markets has a larger impact on the 

decision to invest than proximity to abundant raw materials or cheap access to 
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electricity and labour. Furthermore, the agglomeration coefficient indicates that the 

importance of sunk costs is big. 

 

IV. Estimating and Decomposing the Rate of Technical Change in the Swedish Pulp 

and Paper Industry: A General Index Approach (with Patrik Söderholm) 

The overall purpose of this paper is to analyze the rate and the impacts of technical 

change in the Swedish paper and pulp industry. In contrast to earlier research in this 

field we replace the standard time trend with time-specific dummy variables enabling 

the estimation and decomposing of a general index of technical change. The analysis is 

made within a variable Translog cost function model, which is estimated using a panel 

data set with observations across paper and board mills over the period 1974-1994. Our 

results indicate that the highest rates of technical change have generally occurred during 

the latter part of this period. Pure technical change is the primary component that has 

directed technical change over the entire time period. We also find evidence of non-

neutral technical change. Energy use has been stimulated by technical improvements 

while labour use has been discouraged. Also, technical change has had wastepaper and 

woodpulp using impacts. However, the magnitudes of these latter impacts are small, 

implying that the increase in wastepaper use during the last decades has mainly been 

stimulated by relative price changes.  

 

V. A Comparison of Methodological Approaches Towards the Assessment of 

Technical Change: The Case of Swedish Newsprint Production  

The purpose of this paper is to estimate and analyse technical change in Swedish 

newsprint production over the time period 1974-1994. With a variable Translog cost 

function as the basis three different approaches toward estimating technical change are 

developed: (a) the Tornqvist index; (b) the standard time trend specification; and (c) the 

general index approach. The empirical results indicate that there exist considerable 

differences between the three approaches, both in terms of their mean estimates of 

technical change and in their variation over time. Finally, the main determinants of 

technical change in the Swedish newsprint industry are identified and used to explain 

the three technical change indices within a simple econometric model. Overall, the 

results indicate that historically capacity utilisation has been the dominant determinant 
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of technical change, and also that regulatory intensity and output prices have had 

profound impacts. 

 

VI. Structural Changes in Swedish Wastepaper Demand: A Variable Cost Function 

Approach (with Patrik Söderholm) 

The primary purpose of this paper is to analyse the short-run price responsiveness of 

wastepaper demand in Sweden for four different paper and board products, as well as 

any structural changes in demand behaviour for these products over time. The analysis 

is done within a variable Translog cost function model, and we employ data for 

individual paper and board mills over the time period 1974-1994. The results suggest 

that the own-price sensitivity of waste paper demand is relatively high even in the short-

run, and it has also tended to increase over time for some of the paper products. In 

addition, wastepaper demand has also become more sensitive to changes in energy 

prices, and its use increases with increases in the price of energy. However, the 

relationship between wastepaper and woodpulp is more complex, and in many instances 

wastepaper and woodpulp are short-run complements. Overall, this implies that price 

based recycling policies will be relatively successful in promoting wastepaper use, but 

they will not necessarily lead to the conservation of virgin forest resources. 

 

Conclusions 

The overall purpose of this dissertation is to analyse the role of wastepaper in the pulp 

and paper industry with a special emphasis on investment behaviour, technical change 

and input factor substitution. Six self-contained papers explore these issues in detail. 

From an investment behaviour perspective the first three papers explore to some 

extent the question whether wastepaper availability, measured either in terms of prices 

or quantities, has had profound impacts on the investment behaviour in the European 

pulp and paper industry. Two discrete and one continuous investment models are 

developed and empirically tested. The results suggest that the impact of short-run 

wastepaper availability on the investment decision is ambiguous and tends to depend on 

paper grade. In some model specifications, there is no evidence found that short-run 

wastepaper availability matters at all when the pulp and paper industry chooses where to 

invest. In the long-run, wastepaper availability, measured through, for instance, 

population density and recovery rate, exhibits similar ambiguous results but tends, in 
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general, to have a somewhat larger impact on the investment decision than does short-

run wastepaper availability. A comparison of the importance of the two included raw 

materials, i.e., primary and secondary fibres, indicates that, in general, primary fibres 

still exert a heavier pull on investments in the European pulp and paper industry than do 

secondary fibres.  

Even though technological progress has been considerable in the Swedish pulp 

and paper industry during the last decades, the results suggest that its impact on the use 

of wastepaper as an input factor in paper and paperboard production has been small. In 

addition, the results suggest that the own-price elasticities of wastepaper demand, as 

well as the substitution possibilities with other input factors, are relatively high even in 

the short-run. For some of the paper grades the own-price sensitivity of wastepaper 

demand has also increased over time as a result of technical change. However, the 

relationship between wastepaper and woodpulp is somewhat mixed for the different 

paper grades. In many instances the two fibre inputs tend to be complements in the 

production process. 

An overall conclusion that can be made is that the alleged role of wastepaper in 

inducing a fundamental structural change in the pulp and paper industry is far from 

obvious. Neither do the results suggest that technical change has implied, ceteris 

paribus, a significant increase in wastepaper use. Our results presented herein suggest 

that the traditional raw materials, i.e., forest resources and virgin woodpulp, still have a 

dominant position as input factors. A plausible explanation for these “conservative” 

conclusions could be that wastepaper is not a new raw material. It has been 

economically utilised by the pulp and paper industry for a very long time. It is, 

however, just recently that various legislations and regulations regarding wastepaper 

recovery have been introduced. This has put an increased focus on wastepaper 

utilisation, something, which in turn has led to an exaggeration of the impact this 

increase has on the industry structure. 
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Abstract

This paper identifies and estimates the relative impact that factor input prices, output
market size and agglomeration effects have on the choice of location for investment projects
in the European pulp and paper industry, with special focus on the price of wastepaper. A
conditional logit model is developed to fit investment projects across 16 European countries
for the period 1985–1995. The results suggest that factor input prices, in general, and the
price for wastepaper, in particular, are neither a statistical nor an economic significant
location determinant for a paper manufacturer. Furthermore, the results suggest that market
size and agglomeration effects are considered more important than the price of raw material
when an investment site is chosen. © 2001 Elsevier Science B.V. All rights reserved.
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1. 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 composi-
tion of the industry. Since wastepaper is becoming an increasingly important raw
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material in paper production, the utilisation rate has increased from 31.6% in
1985 to 41.9% in 1995. The present paper explores to what extent the location
decisions for investment projects in the paper industry will be affected as a
consequence.

The proposed hypothesis is that wastepaper is a significant determinant affect-
ing the location decision for investment projects in the European paper industry.
Countries with high paper consumption levels, together with well-developed recy-
cling 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 popula-
tions 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 technolo-
gies were introduced in the mid-19th century, the industry experienced a signifi-
cant 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 50 years later ended with larger and, in a
demographic perspective, decentralised production. Having spent the 20th cen-
tury ‘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 relative impact that wastepaper has on the locational
choice for the investment decisions of the European paper industry. For this
purpose a discrete investment model is developed for the European paper indus-
try based on factor input prices, demand considerations for paper products and
agglomeration effects. The investment model is then estimated using a condi-
tional logit model by employing data for 16 European countries for the years
1985–1995.

The outline for the rest of the paper is as follows. Section 2 describes the
technological constraints in the use of wastepaper and the development of
wastepaper recovery and utilisation, while Section 3 presents previous research
regarding localisation studies for the pulp and paper industry. Section 4 outlines
a conditional logit model of the locational choice. Section 5 describes and ex-
plains the data set used. Section 6 discusses the results from the conditional logit
model. The conclusions are presented in Section 7.
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2. Wastepaper recovery and utilisation1

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 Fig. 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 were used by the West European
paper industry in 1995 for the production of new paper, an increase of 89%
compared to 1985. The collection and recycling of paper in Western Europe
amounted to 46% of total paper consumption in 1995. In the same time period, the
paper industry increased its wastepaper utilisation from 31.6% in 1985 to 41.9% in
1995.

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 wastepa-
per. For kraft and board production the most commonly used wastepaper quality
is old corrugating medium and other paper products that have greater strength.

Fig. 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.

1 In recent years, industry trade associations 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.



R. Lundmark / Resources, Conser�ation and Recycling 33 (2001) 167–180170

Fig. 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
(1985–1995).

Fig. 2 depicts wastepaper recovery and forest resources for selective European
countries. There is a large dispersion between forest endowments and wastepaper
recovery amongst the countries. 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 undisputed 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 further north-east in Fig. 2 a country is
located, the more domestic raw materials are available to the firms that choose to
locate in that country. The figures in parentheses are the total number of invest-
ment projects announced during the period 1985–1995. The number of investment
projects in each country in relation to raw material availability supports the
hypotheses that the availability of raw material, i.e. wastepaper and forest re-
sources, matters when 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.

Clustered near the origin in Fig. 2 are Denmark, Ireland, Portugal and Greece.
These countries received only a fraction of the total number of investments, which
might be explained by the fact that they have almost no raw material to offer.

3. 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
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growing importance of paper recovery, it is surprising that so few of these studies
have focused on the consequences paper recovery 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 (1980) and 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 isovectures2 and
isodapanes3 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, in general, have not determined the location of mills
as 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 deci-
sions 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 relatively 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 is exported. In this
regard, forest resources could be viewed as ubiquitous. Furthermore, transportation
costs have decreased since the studied period, which, in turn, decreases the
importance of locating near transportation nodes for export (Lundgren, 1996).

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 loca-
tional behaviour. Informal interviews were undertaken with mill managers and
executive personnel of the eight kraft pulp mills, which commenced operations
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 govern-
mental incentive programs, may play a deciding role in the success, or viability, of
locational behaviour when resource development is undertaken in western, industri-
alised societies.

2 An isovecture is a line joining points with equal transportation costs for a certain commodity to a
certain place.

3 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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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
judgement 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.4

In a recent study, Gray and Shadbegian (1998) estimate the impact environmen-
tal 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 the choice of technology.
Furthermore, they find that abatement and productive investment tend to be
scheduled together. However, plants with high abatement investment over the entire
period 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 find it statistically significant for kraft pulp, semi-chemical pulp
and mechanical pulp technology investments. Moreover, as a 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 1.

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.

4 The other locational determinants are (1) adequate and cheap power; (2) availability of housing or
a provision for building a new town; (3) adequate supplies of fresh water for processing; (4) suitable
waterways for effluent disposal; and (5) a minimal effect of air pollution on residential areas. Hayter
(1978) does not rank the determinants according to any criteria, but rather as the minimum requirements
that cannot be violated by any investment alternative.



R. Lundmark / Resources, Conser�ation and Recycling 33 (2001) 167–180 173

Table 1
Selected earlier empirical studies on locational choices in the paper industry

Study Scope Main findings andMethod
contributions

Spatial Closeness to transportationLindberg (1953) Sweden
network more important thanallocation1830–1939
closeness to forests when
locating within Sweden.

Interviews Analyses backward andBarr and Fairbairn (1974) Canada, BC
forward linkages and the1961–1970
contribution of governmentalKraft Pulp Mills
actions for the locational
behaviour. Conclude that all
three are of significance.

Interviews At regional scale mainly rawHayter (1978) Canada, BC
material orientated location1960–1970
decisions. Within regions,
wood supply was identified
as one of six principal
location factors.

Gray and Shadbegian Forest resources have aEconometricUSA
(1998) significant impact on the1972–1990

choice of technology
investments while neither
wastepaper nor energy have not.

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 ‘update’ the effect that paper recovery policies would have on the European
paper industry’s investment decisions.

4. 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.5 In this framework, the attributes of the invest-
ment 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

5 I 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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inferior to the one chosen. The underlying functional form for the investment
model is assumed to be log linear.

� (country j for firm t)=�jt=��xj+ujt j=1,…16 (1)

where � 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 �jt 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 probabil-
ity of choosing country a is

prob[yt=a ]=
exp(��xa)

�
13

j=1

exp(��xj)
=Pa (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:

L(�)= �
13

j=1

prob( j) (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.

5. 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 new mills are of interest, wastepaper might also
influence the locational choice of investment projects that goes into existing
capacity. Furthermore, by limiting investment projects to only include new mills
will not generate enough observations. Following Townroe’s suggestion, I have
compiled all capacity increasing investment projects in the European paper industry
that began (or were scheduled to begin) operations between 1985 and 1995, as
recorded by FAO (1985–1995). 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
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Table 2
Summation of independent variables

Variable Definition Unit Source

Real US$/metric tonPW OECD, International trade by commodities
wastepaper statistics
price

PP Real woodpulp OECD, International trade by commoditiesUS$/metric ton
statisticsprice

PE Real electricity IEA, energy prices and taxes.US cent per kWh
price

(including tax)
Real hourly US$ per hour ILO, Yearbook of labour statistics.PL

wage
Industrial statistics yearbook.
ISTAT, Italy in figures.

Population People/km2 Demographic yearbook.POPDEN
density
Real GDPGDP US$ World Bank, world development

Indicators (CD-ROM).
AgglomerationA Production capacity of FAO’s forestry database.
effects pulp and paper

(million metric tons)

some projects, no guarantee can be made that all double entries are eliminated, e.g.
firms change names and revise the projects. The data set is arranged in a panel for
the 16 included countries, spanning from 1985 through 1995.6 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) writing and printing paper. The fourth
category, which is called 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. The independent variables
are compiled from various sources (see Table 2).

The price of wastepaper and woodpulp is derived from trade data published by
OECD (1961–1998). The prices are obtained through export values and export
quantities. Since I am separating the investment projects by paper grades, it would
be more appropriate to also use disaggregated prices for the different wastepaper
grades because different paper products require different grades of wastepaper for
optimal use. However, no data are available on wastepaper price by grade, which
limits our estimation to the derived aggregated wastepaper price.

It is expected that both woodpulp 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

6 EU plus Norway and Switzerland. Belgium and Luxemburg are treated as one entity.
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based upon wastepaper price uncertain. For this reason, a population density
variable (POPDEN) is included as a proxy for long run wastepaper prices.
Population density is expected to capture long-run differences in wastepaper prices
across countries, with a higher population density indicating a higher supply of
wastepaper and, hence, lower wastepaper price. The cost of collecting wastepaper is
closely correlated to the population density because it reduces the transportation
cost needed to round up the wastepaper. Since the cost is affected by the population
density so should the price. Population density can be expressed as the potential
wastepaper recovery.

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, approximately 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 projects.

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. For the paper industry these effects might
be a trained and specialised labour force created by existing mills, specialised
sub-contractors, and perhaps the desire to close, informal information sharing, etc.
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 proce-
dure 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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6. 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 correlation
between the predicted numbers of investment project for each country and the
actual numbers are provided. The correlations range from 90 (board) to 96% (all)
and are presented in Table 3. The high correlation between actual and predicted
investment projects can be interpreted as that our investment model can explain a
large part of the actual investment behaviour.

Turning to the coefficient estimates, Table 4 shows the results of the conditional
logit analyses of locational choice. The coefficients can be interpreted as elasticities,
meaning that a 1% increase in the independent variable k relative to the mean will
cause approximately a �k% change in the estimated probability.7

The elasticities for short-run wastepaper price ranges from 0.49 down to –0.17,
indicating that our hypothesis that higher wastepaper price would deter investments

Table 3
Actual vs. predicted investment projects

BoardTissue AllWriting and printingNewsprint
paper

P A P A P A PA A P

192371110Austria 101111
0 0 2 1 7 4 1 3 10 8Benelux
0Denmark 0 1 1 3 2 2 1 6 4
5 5Finland 48602027222810

11 8 7 19 189 16France 15 52 50
9 7 9 30Germany 336 25 27 68 74

Greece 0 0 1 2 0 1 3 2 4 6
0 0 0 1 1Ireland 00 0 1 1

Italy 1 32211041059113
1 0 1 5 62 7Netherlands 5 14 13
5 1 1 3Norway 64 3 5 11 18
0 2 1 5Portugal 60 1 4 8 10

333110101110Spain 6734
11 9 2 1 13 14 9 15 35 40Sweden

Switzerland 12 1 121243761
4 5 7 16 107 16UK 10 44 32

0.91 0.94 0.94 0.90 0.96Cor(P� ,P)

A, actual; P, predicted.

7 The coefficients have the following elasticity-like interpretation: � ln Pa/� ln xal=�lxal(1−P� a)
where P� a is the average estimated probability (P� a�0.06), xal is the lth element of the attribute vector
xa and �l 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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Table 4
Conditional logit model results

Writing and BoardTissue AllNewsprint
printing paper
(3) (4) (5)(2)(1)

PW 0.49 −0.12 −0.17 −0.020.11
(1.59)(0.25) (−0.50) (−0.68) (−0.17)

−0.33 −0.030.53 0.01PP 0.25
(2.67)(0.92) (−1.86) (−0.20) (0.07)

0.95 0.57PE 0.53−0.99 0.81
(2.41) (1.39)(1.20) (2.22)(−1.34)

−1.23−0.06 −0.23 −0.33 −0.41PL

(−0.95)(−0.11) (−1.22) (−2.66)(−2.58)
−0.24 −0.24−0.38 −0.31−0.65POPDEN

(−1.13)(−1.80) (−1.32) (−1.18) (−2.65)
0.13 0.12GDP 0.280.86 0.92

(0.74) (0.61)(2.60) (2.52)(2.50)
−0.0030.40 0.59 0.73 0.54A

(3.48) (3.66) (4.96)(1.26) (−0.008)
−396.8 −334.9 −985.2−110−118Log- hood

t-statistics within parentheses.

can be rejected for the paper grades with positive estimates, i.e. newsprint and
tissue. An explanation could be that various regulations/legislations force paper
manufacturers to use wastepaper regardless of optimal input mix. Long-run
wastepaper price has, overall, a higher economic significance than in the short run.
The woodpulp price estimates follow the same path as the wastepaper price
estimates, in that they both show an unexpected sign for newsprint and for tissue.
Comparing the raw material estimates, i.e. both short and long run wastepaper
price and woodpulp price, writing and printing paper investment projects are
heavily influenced, relative the other coefficients, by the price of woodpulp while
less so by the price for wastepaper. A 1% increase in the price of woodpulp would
decrease the probability that a country will receive an investment by 0.33%, while
the same change in the price of wastepaper would only decrease the probability by
0.12%. This result is plausible since writing and printing paper production employs
small amounts of wastepaper in their production. In board production, woodpulp
price is not economically significant compared to the price for wastepaper. Since
board production includes, to a large extent, case materials, which utilise more than
80% wastepaper, the result is encouraging. A 1% increase in the price of wastepaper
would decrease the probability that a country would receive an investment by
0.17%, while the same change in the price of woodpulp would only decrease the
probability by 0.03%.

In sum, the price of wastepaper and woodpulp as well as 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 projects
from the European paper industry. The results suggest that the paper industry is
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output-orientated. Even though the paper industry is not considered labour inten-
sive, it still weighs labour cost heavily when choosing investment site.

7. Conclusions

In this paper, selected aspects of the way in which economic environments affect
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.

I hypothesised that the price for wastepaper, woodpulp 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, I find no statistical significance for the price of wastepaper
and varied statistical significance for the remaining determinants.

According to the results, the determinants that most influence a paper manufac-
turer 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 with raw
material factor input prices. Thus, the result shows that paper production is output
orientated — meaning that market conditions for the finished paper product have
a higher impact on the location decision than input factors. This is contrary to
previous results and goes against current axioms 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 woodpulp and
wastepaper might be due to the fact that both wastepaper and woodpulp are
tradable. Although transportation costs are relatively high, a large fraction of the
wastepaper and pulpwood consumption in, for example, Sweden and Finland are
imported. 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-manufactur-
ing firms prefer to invest in existing productive capacity.
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INCREASING RATES OF PAPER RE-
C Y C L I N G A N D T H E  LO C AT I O N A L
BEHAVIOUR OF NEWSPRINT PRODUCING
FACILITIES IN EUROPE

ROBERT LUNDMARK AND MATS NILSSON*

ABSTRACT
This paper determines the impact wastepaper recovery has on the investment
decision for the European pulp and paper industry, with an emphasis on
newsprint production. It begins by describing the changes in newsprint
production and wastepaper recovery that occurred in the past two decades. A
formal model to test the hypothesised implication of increasing wastepaper
recovery on the locational choice is then outlined and empirically tested on
data from 13 Western European countries. We find a clear correlation between
wastepaper recovery and the locational choice for newsprint investment
projects, and suggest that this should have policy implications for the recycling
of paper. That is, policies that increase wastepaper recovery will have a positive
effect on the probability to attract newsprint investment projects.

Keywords: conditional logit model, investment, location, pulp and paper
industry, wastepaper.

~
INTRODUCTION

Studies of business organisation and spatial behaviour
emphasize that firms’ general economic, social and cultural
environments are important to the location of industrial
enterprises. Beginning in the late sixties and early seventies,
increasing environmental concerns led to an increase in
wastepaper supply in Europe. Although wastepaper is not
a new input in papermaking,  this increase could be
expected to have an impact on the location of paper
production, and changes in the supply of wastepaper
represent an important change for the European pulp and
paper industry.
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Steed (1971) describes f ive major determinants of
location: (1) cost conditions; (2) demand conditions; (3)
governmental actions; (4) social and cultural milieu and; (5)
influence of independent firms. An interrelationship
between cost considerations and governmental actions is
likely to exist. Governmental actions will, most likely,
change the cost structure within a country. It can, however,
be of interest to separate these factors to analyse causes
and effects more precisely. There are, to our knowledge,
no ranking of the importance of these factors. Neo-classical
economic theory tends to emphasize the importance of cost
conditions (1) for the location of firms (Wheeler & Mody,
1992; Bartik, 1985). Interestingly enough, some literature
suggests that forest investment flows into the transition
economies in Eastern Europe are driven by cost consi-
derations, while other found that demand conditions (2)
are generally more important (Justman, 1994; Nilsson &
Söderholm, 1999). Governmental actions (3) range from
clear-cut policies to attract firms, such as tax rebates, to
more general infrastructural factors. There is a vast, but
inconclusive, literature on the impact of taxes on the
locational choice in different states in the US (Bartik, 1985;
Carlton, 1983; Luger & Shetty, 1985; Wheeler & Mody, 1992).
The last two components: social and cultural milieu (4) and
influence of independent firms (5) are important, but their
qualitative nature usually requires case study methods.

In this paper, we focus on the neglected effect that
decisions on recycling rates and investments in infra-
structure for paper recovery could have on locational
decisions. We propose that these policy decisions will be
manifested in, for example, higher recycling rates, thus a
larger supply of raw material to the paper industry. We
will not explicitly account for the differences in govern-
mental policy concerning industry location in general and
recycling of wastepaper in particular. In this study, we are
going to assume that the firms involved consider the
Western European countries’ social and cultural milieu as
well known, and thus there are no managerial preferences
for one country over another. Further, we assume that all
actors investigated have the same amount of influence on
the industry. Although these assumptions are heroic, we
still suggest that the remaining three components leave
enough material to draw some policy implications and to
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forecast structural changes in the Western European pulp
and paper industry.

Since wastepaper is becoming an increasingly important
raw material in paper production, the present study
constitutes an enquiry on how the location decisions of new
capacity investment projects in newsprint production will
be affected. Our proposed hypothesis is that wastepaper
recovery is a significant determinant in the location
decision. It is important to reveal the size and direction of
this variable, particularly in the sense that one wants to
describe the effects on society of increased paper recycling.
The impact on economies such as Sweden and Finland, that
are heavily dependent on the forest industry, may be
considerable. Hence, the purpose is to estimate the relative
significance that wastepaper has on the location decision
for newsprint investment projects.1 In this paper we try
explicitly to measure the effect that the supply of waste-
paper has on locational choices in the paper industry in
Western Europe.

We begin by describing investments in newsprint
production in Western Europe from 1962 to 1998. Further,
we briefly survey the literature on locational choice with
particular focus on the pulp and paper industry. We then
present a model to test the proposed hypothesis, describe
the data, and then analyse the empirical results of the
model.

INVESTMENTS IN NEWSPRINT PRODUCTION A N D T H E

DEVELOPMENT OF PAPER RECYCLING IN WESTERN EUROPE

Newsprint production in Western Europe has more than
doubled between 1961 and 1998 (Figure 1). This develop-
ment, which applies to all important paper qualities, has
implications for the demand and supply of raw materials
used in the papermaking process. On the demand side of
the market, there has been an increase in demand for raw

1 As investment variable we use the actual number of investment projects, not
the size of these investments. This discrete variable is chosen in an attempt to
lessen the chance to include investments that are done only to maintain a certain
level of production. Since we are interested in increases in production capacity,
and its causes, it is inappropriate to use the size of investments instead of the
frequency distribution of investment projects.
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materials. At the same time, the increase in production of
newsprint also generates a larger potential supply of
secondary fibre for papermaking. Generally, recycled paper
is less expensive than forest raw material, so the paper
industry is interested in using more recycled paper and less
virgin fibres. The technological constraints on the use of
recycled paper are the length and strength of the recycled
fibre. This makes the requirements of the recycled paper
used in, for example, kraftliner more stringent than the
recycled paper used when making newsprint. Further, the
less rigorous requirements on recycled paper in newsprint
production also increases potential supply, thus lowering
the price.

This increase in newsprint production is partly the result
of the capacity expansion by the 52 reported investment
projects that were carried out between 1985 and 1995. The
changes in the industry are characterised by inertia, since
once the capital investments are made they usually have a
lifetime of at least 25−30 years. Hence, it is of interest to
study particularly the investments and re-investments that
have taken place within a longer time period. We have
accessed capacity investment data for 11 years in the
newsprint industry. The frequency distribution of capacity
investment projects is presented in Table 1. For the sake of
convenience, investments resulting in less than 10,000
metric tons per year in increased capacity are dropped.

FIGURE 1. THE DEVELOPMENT OF NEWSPRINT PRODUCTION,
EC 15, 1961−1998. SOURCE: FAOSTAT.
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The amount of recycled paper has drastically increased
in all studied countries between 1985−1995. In Greece, for
example, the amount of recycled paper increased 356
percent. Even though Greece started at a comparatively low
level, considering its population and paper consumption,
there has been a tremendous increase in recycled paper.
On the other hand, Sweden was the country that had the
smallest increase of 50 percent. This can be explained by
Sweden’s early and extended recycling programs which
made the starting levels in 1985 high compared to other
countries.

PREVIOUS RESEARCH

There is a large literature focusing on different aspects of
investments. Disciplines such as economics, geography,
finance, strategic management, marketing and organi-
sational behaviour have all contributed to our under-
standing of investment behaviour. In this section, we briefly
review previous research that deals with why firms wish
to locate in certain regions or countries, and what might
prevent them from doing so. For our purpose, many of the

TABLE 1. NEWSPRINT INVESTMENT PROJECTS, 1985−1995. SOURCE: FAO,
PROJECTED PULP AND PAPER MILLS IN THE WORLD.
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LOCATIONAL CHOICES.

Notes:  * Not Applicable, ** Foreign Direct Investments.
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issues raised in this literature may be neglected. Never-
theless, a rough theoretical framework will be helpful. Our
literature survey is divided into two parts. First we review
earlier empirical studies that are of interest methodo-
logically, or are often cited. The second part concerns all
the studies dealing with locational choices in the pulp and
paper industry. Table 2 presents a sample of earlier
empirical and theoretical studies on locational choices.
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TABLE 3. EARLIER EMPIRICAL STUDIES ON LOCATIONAL CHOICES IN THE

PAPER INDUSTRY.

Note:   * Foreign Direct Investments.
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The studies in Table 2 are often cross-sectional in nature,
thus lacking the insights that industry studies may offer;
but the results are more general. In our case, more emphasis
can be added to the types of raw materials used in the pulp
and paper industry. A vast majority of the studies concerns
the US, with the particular environment that is prevalent
there (e.g. same language and currency in all the states).
This makes i t ,  in our view, more urgent to conduct
European studies. Most US studies put some emphasis on
tax issues, or other related location promotion variables.
Table 3 summarises earlier empirical studies on locational
choices in the paper industry.

The larger part of previous research, on location of pulp
and paper mills (Table 3), was focused on specific location
condit ions ,  such as  markets ,  taxes ,  local  subsidies ,
transportation, personal preferences and the like, with the
objective of establishing or rejecting their significance as
location determinants. Our contribution to the above
mentioned literature is to focus on paper recycling and its
effect on locational choice for newsprint production.
Recycling of paper may have this often unaccounted effect
on investments and employment, an effect that, to our
knowledge, has never been estimated. Lyndhurst (1997) and
Zavatta (1993) argue that wastepaper should have an impact
on the structure of paper production in Europe, and hence,
on the location of newsprint investment projects. Lyndhurst
(1997) claims that such a structural change is under way,
but provides little empirical evidence.

AN ECONOMETRIC MODEL OF THE SPATIAL DISTRIBUTION

OF INVESTMENT PROJECTS IN THE NEWSPRINT INDUSTRY

In this section, a model for the country-level determinants
of the frequency distribution of newsprint investments
across 13 European countries between 1985 and 1995 is
developed, without country specific dummy variables.2 It
is assumed that a firm will choose to invest in a particular
country if doing so will maximise profits.3 In this frame-

2 By omitting country specific dummies we deliberate assumes that cultural
considerations, etc do not affect the location decision.
3 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, 1999).
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work, country attributes 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 preferred by
the investor. All that is known about the other countries is
that they were judged inferior to the chosen one. The
underlying functional form for x is assumed to be log linear.

π (country j for firm t) jt j jtuπ ′= = +β x (1)

where p is profit and x j is the vector of observed attributes
for country j and βββββ is the parameter vector to be estimated.
If a firm chooses country j it is assumed that pjt is the profit
maximum among the rest of the 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

[ ] ( )

( )
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where yt is the frequency of the choice made - a random
variable that indicates the choice made. The maximum
likelihood estimate of βββββ is obtained by maximizing the
likelihood function

( ) ( )
13

1
prob

j
L j

=
=∏β (3)

The probability of choosing a specific country for
investments depends on the level of the attributes that
affect its profits relative to the levels of these attributes in
other countries. The location decision for the investment is
based upon factors that affect revenues and costs and how
they vary over space.
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EMPIRICAL IMPLEMENTATION OF THE MODEL

The problem of location of industrial plants has traditio-
nally 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, does
appear, in many respects, to be more valuable (Townroe,
1969). That is, one that covers the location of all new
productive capacity including both expansion and new
plants .  Hence,  we study the 52 capaci ty  increasing
newsprint projects that began (or were scheduled to begin)
between 1985−1995, as recorded by the Food and Agricul-
ture Organisation of the United Nation (FAO). For each
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TABLE 4. SUMMATION OF THE DEPENDENT AND INDEPENDENT VARIABLES

(EXPECTED SIGN OF ESTIMATED PARAMETER WITHIN PARENTESIS).
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investment project, information is given on the year of
completion, type of product and net capacity increase. For
the sake of convenience, investments resulting in less than
10,000 metric tons per year in increased capacity are
dropped. The independent variables are the characteristics
of  the 13 countries  as  viewed by the f irms.  Table 4
summarises the dependent and independent variables.

Cost Considerations
When considering the first of Steed’s (1971) location
determinants, the cost conditions, it is important to, not
only identify, but also to quantify, relevant cost variables
facing the newsprint production in particular.

First, we have the raw material inputs. The emphasis of
this study is placed on the relative impact that recycled
paper has on the probability for locating investments in a
specific country. The newsprint producer has the choice
between wastepaper and forest-based virgin materials. The
production of newsprint does not have the same stringent
technological requirements as, for example, the production
of kraftliner. This motivates the use of a wastepaper
aggregate.

Forest resources, the traditional raw material used in
paper making, are measured by the standing volume of
forest. This is a superior measure compared, for example,
to total forest area since it captures the growth and actual
availability of forest resources. Whether wastepaper and
forest resources are viewed as substitutes or complements,
they both should have a positive effect on the probability
of attracting investments. The choice of using quantities
instead of prices for the two raw material variables is linked
to the nature of the wastepaper market. This market is
characterised by various regulations, legislations, subsidies,
etc., which makes the pricing of wastepaper a poor indicator
when choosing investment site. This choice of variable also
helps in providing clearer policy implications. For good
comparisons, the forest resources variable is also measured
in quantities.

Second, another important cost consideration facing the
newsprint producer is the relative energy price. The
production of newsprint is considered energy intensive. It
is recognized that many mills produce a large part of their
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own energy needs. About half of the industry’s energy
requirement is generated internally (Zavatta, 1993), but the
balance must be purchased in the form of electricity or fossil
fuels. The energy variable is measured by the electricity
price charged to the 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.

Third, the industry specific wage level measures labour
market conditions. It is believed that higher wages deter
investment. To obtain a comparable measure between
countries, the data is first transformed into hourly wages
and then converted to US$ and deflated using CPI indices.

Demand Conditions
Steed (1971) subdivides the demand conditions into two
aspects. First, demand attributes, such as extent, elasticities
and steadiness, on the markets in which the firm is a seller
are considered. This is measured by two variables, the gross
domestic product per capita and paper consumption per
capita. The first variable will capture the overall economic
activity in the respective country and is measured in
constant 1987 US$. Both variables are expected to attract
investment projects. The second variable is more industry
specific and will capture unique demand considerations for
the relevant industry. Second, the behaviour of competitors
are more difficult to measure and is therefore omitted from
the estimation.

Government Actions
Since the focus of this study is on the raw material choice
facing newsprint production only a simple tax variable is
included. Today’s multinational corporations are able to
‘move around’ profits in such a manner that we find that
these issues are probably of minor importance. Theore-
tically, taxes have a detrimental effect on the investment
decision. Empirically, few studies have shown that the
intuition is correct,4 making it difficult, a priori, to have any
assumption regarding the effect of taxes. For the purpose
of this study the tax variable is the percentage of revenue

4 For a further discussion regarding the influence of taxes on location decisions
see Papke (1986).
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that is based on the actual net income of individuals, on
the profits of firms and on capital gains. Revenue includes
all revenues from taxes, from the sale of land, intangible
assets, government stocks, or fixed capital assets, or from
capital transfers from nongovernmental sources. It also
includes fines, recoveries, inheritance taxes and non-
recurrent levies on capital. A finer, more industry specific,
choice of data set would have been preferred, but lack of
data prevents this.

Following Friedman et al (1992), we have normalized the
independent variables relative to the cross-sectional mean
in each year. The normalisation allows 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. The normalization,
moreover, aids in the interpretation of the coefficients and
in their estimation.

RESULTS

The results from the conditional logit model are presented
in Table 5. Overall, the model shows significance for the
variables that a priori were believed to be important for the
location decision for newsprint investment projects. Both
raw material variables are statistically significant and have
the expected sign while both demand variables for finished
newsprint are insignificant. This indicates that newsprint
production is raw material orientated. Both the wage and
tax variables are statistically insignificant and do not

elbairaVtnednepednI s

etsaW tseroF ecirpE egaW emocnI pacpaP xaT
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oitar-T 89.2 39.1 − 1.2 31.0 22.0 29.0 31.0

:noitcnufdoohilekiL − 3.911

TABLE 5. CLM RESULTS WITH RANDOM EFFECTS.
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exhibit the expected sign. The energy variable is statistically
significant and exerts the expected pull on investment
projects.

The coefficients can be interpreted as elasticities,5

meaning that a one percent increase in independent
variable k relative to the cross-sectional mean will cause
approximately  a  b  percent  change in  the  est imated
probability. A one percent increase in wastepaper recovery
would increase the probability for a country to attract
investment projects by 0.64 percent. Similarly, a one percent
increase in the standing volume of forest would increase
the probability for a country to attract investment projects
by 0.28 percent. Since the forest is, in a way, self generating,
time itself would affect the probability, given the absent of
external effects. The electricity elasticity has by far the
largest impact on the probability. A one percent increase
in electricity price would decrease the probability for a
country to attract investment projects by 1.53 percent. This
is indeed a large impact. Previous research has found
elasticities for electricity ranging between −1.3 to −0.035
(Bartik,  1989; Papke, 1986).  However, Carlton (1979)
estimates the impact of electricity price for US states
without natural gas on the establishments of new plants
for fabricated plastic products and finds similar high
elasticities.

Table 6 presents the estimated probabilities for a specific
country being the target for a investment project. The
probabilities ranges from 0.013 (Greece) to 0.211 (Sweden).
Thus, ceteris paribus, Sweden has the highest probability of
attracting new investment projects. Furthermore, the model
does a good job in predicting the investment projects
location. The correlation between the actual and predicted
location is 0.90, which must be considered good.

5 The coefficients have the following elasticity-like interpretation:

( )ln 1
ln

a
l al a

al

P x P
x

β∂ = −
∂

where aP is the average estimated probability ( aP ≈0.077), xal is the lth element
of the attribute vector xa and βl is the lth element of the coefficient vector βββββ.
Because the means of the independent variables equal unity, an effect of the
normalisation,  the estimated coefficients can roughly be interpreted as
elasticities.
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DISCUSSION

The purpose of this study was to find the relative impact
wastepaper recovery has on the location decision for
newsprint investment projects. When analysing waste-
paper, the usual approach is from a consumer or society
perspective. However, this paper focuses on the paper
industry and how it will be affected as a consequence of
increasing wastepaper recovery. We believe that we have
managed to identify the major input factors used by the
newsprint industry. There are others, but they constitute a
small fraction of the total usage and, hence, should not in
any significant way alter the results obtain herein.

The results indicate that wastepaper recovery has a
positive effect on the number of investment projects that a
country receives. It also implies that paper recycling has
broader implications than mere environmental concerns
and resource scarcity. By increasing paper recovery, a
country might experience economic growth due to an
increasing number of investments. However, no attempt is
made to try and measure this contribution, which could
become a future research project.

seirtnuoC
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TABLE 6. PROBABILITIES AND PREDICTED VERSUS ACTUAL INVESTMENT

PROJECTS.
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Furthermore,  the results  show that the newsprint
investments are input orientated, with raw materials
playing an important role. This should come as no surprise
to those involved in the industry, even in the absence of
supporting empirical results. The fact that both demand
variables were statistically insignificant supports this
conclusion. Given the smallness of Europe and the free
trade agreement, demand in a specific country is not of
significance.

REFERENCES

Barr, B. M. & Fairbairn, K. J., 1974. Some Observations on the
Environment of the Firm: Locational Behavior of Kraft Pulp
Mil ls  in  the  Inter ior  of  Br i t ish  Columbia .  Profess iona l
Geographer, 26 (1), 19−26.

Bartik, T. J., 1985. Business Location Decision in the United States:
Estimates of the Effects of Unionization, Taxes, and Other
Characteristics of States .  Journal of  Business & Economic
Statistics, 3 (1), 14−22.

Bartik, T.J., 1989. Small Business Start-Ups in the United States:
Estimates of the Effects of Characteristics of States. Southern
Economic Journal, 55 (4), 1004−1018.

Carlton, D. W., 1979. Why New Firms Locate Where They Do: An
Econometric Model. In Interregional Movement and Regional
Growth, edited by William Wheaton (Washington D.C.: The
Urban Institute), 13−50.

Carlton, D. W., 1983. The Location and Employment Choices of
New Firms:  An Econometric  Model  with Discrete  and
Continuous Endogenous Variables. Review of Economics and
Statistics,  65, 440−449.

CEPI., 1991−98. Annual Statistics (Brussels: CEPI).
FAO., 1985−95. Projected Pulp and Paper Mills in the World (New

York: UN).
Friedman, J.,  Gerlowski, D. & Silberman, J., 1992. What Attracts

Foreign Multinational Corporations? Evidence From Branch
Plant Location in the United States. Journal of Regional Science,
32 (4), 403−418.

Hayter, R., 1978. Locational Decision-Making in a Resource-Based
Manufacturing Sector: Case Studies from the Pulp and Paper
Industry of British Columbia. Professional Geographer, 30, 240−249.

Head, C., Ries, J. C. & Swenson, D. L., 1999. Attracting Foreign
Manufacturing: Investment Promotion and Agglomeration.
Regional Science and Urban Economics, 29, 197−218.



JOURNAL OF FOREST ECONOMICS 7:3 2001 INCREASING RATES OF PAPER RECYCLING ...

261

Hunter, H., 1955. Innovation, Competition, and Locational
Changes in the Pulp and Paper Industry: 1880−1950. Land
Economics, 31, 314−327.

IEA., 1992−97. Energy Prices and Taxes (Paris: OECD).
ILO., 1995. Yearbook of Labour Statistics (Geneva: ILO).
ISTAT., 1997. Italy in Figures (Rome: ISTAT).
Justman, M., 1994. The Effect of Local Demand on Industry

Location. Review of Economics and Statistics, 79 (4), 742−753.
Lindberg, O., 1953. An Economic – Geographical Study of the

Localization of the Swedish Paper Industry. Geografiska
Annaler, 35 (1), 28−40.

Luger, M. I., & Shetty, S., 1985. Determinants of Foreign Plant
Start-Ups in the United States: Lessons for Policymakers in
the Southeast. Vanderbilt Journal of Transnational Law, 18, 223−
245

Lyndhurst, C., 1997. Environmentalism and Restructuring of the
Global Pulp and Paper Industry. Tijdschrift voor Economische
en Sociale Geografie, 89 (4), 401−415.

McFadden, D., 1974. Conditional Logit Analysis of Qualitative
Choice Behavior. In Frontiers in Econometrics, edited by P.
Zarembka (New York: Academic Press), 105−142.

Nebebe, F. & Kira, D., 1992. Estimating Elasticities in Pulp and
Paper Industry: An Econometric Analysis of Canadian Regions.
Journal of Quantitative Economics, 8 (2), 451−466.

Nilsson,  M. & Söderholm, P. ,  1999.  Nordic  Fore ign Direct
Investment in the Russian Forest Sector. Luleå University of
Technology. Unpublished manuscript.

Nishioka, H. & Krumme, G., 1973. Location Conditions, Factors
and Decisions: An Evaluation of Selected Location Surveys.
Land Economics, 43, 195−205.

Paper Europe Reference Manual, Annual issues (England: Whitmar
Publications Limited).

Paper  European Data  Book ,  Annual  issues (England:  Benn
Publications Limited).

Papke, L. D., 1986. The Location of New Manufacturing Plants
and State  Business  Taxes :  Evidence  f rom Panel  Data .
Proceedings of the 79th Annual Conference of the National Tax
Association, November 1986, 44−55.

Steed, G. P. F., 1971. Plant adaption, Firm environments and
Location analysis. The Professional Geographer, 23, 324−328.

Townroe, P. M., 1969. Locational Choice and the Individual Firm.
Regional Studies, 3, 15−24.



R. LUNDMARK & M. NILSSON JOURNAL OF FOREST ECONOMICS 7:3 2001

262

UN., 1991. Industrial Statistics Yearbook (New York: UN).

UN., 1993−97. Demographic Yearbook (New York: UN).

Wheeler, D. & Mody, A., 1992. International Investments Location
Decisions: The Case of US Firms. Journal of International
Economics, 33, 57−76.

World Bank. World Development Indicators. CD-ROM.

Zavatta, R., 1993. The Pulp and Paper Industry. In The Structure
of European Industry, edited by H. W. de Jong (Netherlands:
Kluwer Academic Publishers), 91−119.



 



Investment Behaviour in the European Pulp and Paper 

Industry: A Panel Data Analysis 

 

 

Robert Lundmark 

 

Luleå University of Technology 

Division of Economics 

SE-971 87 Luleå 

Sweden 

 

Abstract: This paper analyses the location of investments in the European pulp and 
paper industry. Three continuous investment models are estimated allowing for fixed as 
well as random effects using panel data for ten European countries over the period 
1978-1995. The results indicate that labour wages, market size and agglomeration 
effects are the most important determinants of investment levels. The impacts of raw 
material prices appear to be somewhat ambiguous. However, the long run wastepaper 
availability seems to matter in the sense of attracting investments. A comparison of the 
economic significance of changes in the costs of input factors with changes in the 
market size indicates that proximity to output markets has a larger impact on the 
decision to invest than proximity to abundant raw materials or cheap access to 
electricity and labour. Furthermore, the agglomeration coefficient indicates that the 
importance of sunk costs is big. 

 
Keywords: Pulp and paper industry, Europe, location decision, wastepaper, woodpulp. 
 
JEL classifications: C23, F21, Q23, R30. 
 

Acknowledgements: Financial contributions from the following sources are gratefully 
acknowledged: The Jan Wallander and Tom Hedelius Foundation; the Kempe 
Foundations; and the Marcus and Amalia Wallenberg’s Foundation. The author also 
acknowledges helpful comments from Jim Griffin, Bo Jonsson, Mats Nilsson, David 
Pearce, Marian Radetzki, Patrik Söderholm, John Tilton, and two anonymous referees. 
Any remaining errors, however, reside solely with the author. 
 
An earlier version of this paper is forthcoming in the Scandinavian Journal of Forest 
Research. 





 
 

 

1

Introduction 

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

in Spain introduced papermaking during the 11th century, and, from there, the technical 

knowledge spread to other areas in Europe. The manufacturing was entirely done by 

hand until the introduction of continuous paper machines during the 19th century. At the 

same time, with the introduction of the new technology, the use of raw material changed 

from rags to wood (Zavatta, 1993). During the 20th century the Scandinavian pulp and 

paper producers became the dominant European players in the industry mainly due to 

the development of more efficient production facilities and logistics as well as their 

access to extremely abundant forest resources (Romme, 1994). However, according to 

many analysts the pulp and paper industry is currently facing a structural transformation 

process, which primarily benefits paper and pulp mills located in continental Western 

Europe. This structural transformation has, it is argued, been stimulated by: (a) 

increased demand for higher value-added products; (b) environmental regulations 

imposed on the industry; and (c) the increased use of recycled paper instead of pulp as 

raw material due to recently imposed government sanctioned collection programmes 

and legislations (Collins, 1992). The purpose of this paper is to analyse the investment 

location decisions in the pulp and paper industry in an econometric investment model. 

Specifically, three continuous investment models are estimated using panel data for ten 

European countries over the time period 1978-1995. 

Earlier empirical studies on investment decisions have often failed in giving raw 

material availability adequate considerations. However, cross-country differences in raw 

material supply ought to play an important role in the investment decisions of pulp and 

paper companies. A few studies have focused on this aspect. Lundmark (2001) 

concluded, using a discrete choice model and data for Western European countries 

between 1985-1995, that raw material prices tend not to be significant determinants of 

the choice of investment site in the industry. Market size and agglomeration effects 

were found to be more important. Lundmark and Nilsson (2001) narrowed the scope by 

analysing the newsprint industry (rather than the entire paper industry) within a discrete 

choice model. Their results suggest that factor input availability, especially that of 

secondary and virgin fibres are significant determinants of investment site choice. 

Bergman and Johansson (2002) also employed a discrete model and they found that 

wage rates, installed productive capacity, the price of paper and the exchange rate were 
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significant determinants, while no evidence was found of wastepaper prices influencing 

the location of the investments.   

The present study differs from these previous research efforts mainly with respect 

to the choice of model. Instead of relying on a discrete choice model and count data the 

present study employs the value of investment flows as the dependent variable. The 

value of investments is obtained by aggregating the monetary value of all types of 

investments in the industry.  

In the next section, a discussion follows on some important aspects of investment 

behaviour in the European pulp and paper industry. This is followed by a discussion and 

a presentation of the overall theoretical framework and the data used. Next, the 

empirical model is specified and the results of the econometric estimation are presented. 

Finally, some concluding remarks are made. 

 

The economics of investments in the 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 (United Nations, 1976-1993). 

Investment cycles like this are common, and the pulp and paper industry is no 

exception. The industry has three important features concerning investment behaviour: 

substantial capital requirements, a high degree of asset specificity, and an unusually 

high market cyclicality (Yin, 1998).  

Pulp and paper production 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 metric tons account for 75 per cent of the global industry 

capacity. The corresponding share for pulp mills is 58.5 per cent (ibid). In order to reap 

the benefits of economies of scale a substantial initial investment is required. The cost 

of building a modern paper and paperboard mill is typically in the order of US$ 400-500 

millions (Zavatta, 1993). The degree of specificity of an asset is defined by 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 the purpose of pulp and paper production, and once 

set up they will continue to be used for this 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 market 
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conditions. Finally, wastepaper, pulp, and paper and paperboard prices are generally 

highly cyclical. These prices present more volatility than does the price index for all 

industrial commodities (Yin, 1998). Strong competition and the irregular pattern of 

capacity expansions and inventories often exacerbate price fluctuations, resulting in 

wide market swings (PPI, 1980-1995).  

By dividing the studied time period into three sub-samples each covering six years 

and calculating the average investment levels the cyclic nature can, to some extent, be 

averaged out. From the sub-samples the relative ranking of the countries can then be 

studied. Among these three are persistently high ranked (see Table 1). 

 

Table 1. Real average investment expendituresa and relative shares 
 1978-1983 1984-1989 1990-1995 1978-1995 
 US$ % US$ % US$ % US$ % 
France 570 25 423 18 230 8 407 17 
Sweden 382 17 359 15 370 13 370 15 
Germany 333 15 540 23 779 28 551 22 
Finland 308 14 449 19 525 19 427 17 
Italy 147 6 95 4 115 4 119 5 
UK 139 6 146 6 156 6 147 6 
Norway 131 6 48 2 107 4 96 4 
Austria 106 5 178 7 255 9 180 7 
The Netherlands 89 4 111 5 136 5 112 4 
Spain 63 3 49 2 114 4 75 3 

Source: United Nations, 1979-1998. 
a expressed in millions of 1978 US$. 

 

These three countries are Germany, Sweden and Finland, all of which have large 

existing pulp and paper production capacities that require a steady stream of 

investments to maintain and improve current capacity. More interesting, though, is the 

relative climb of countries such as the Netherlands, Austria and the UK. This is of 

special interest since both the UK and the Netherlands lack large forest resources 

relative to the other countries. A number of analysts suggest that this shift can, in part, 

be attributed to the increasing importance of wastepaper as an input into paper and 

paperboard manufacturing process (e.g., Collins, 1992; Romme, 1994).  For example, in 

the UK the wastepaper recovered increased by 74 per cent between the years 1978-

1995, while the corresponding increase for the Netherlands was 160 per cent. During 

the same time period labour productivity increased some 131 per cent for the UK and 49 

per cent for the Netherlands (PERM, 1993-1997; PEDB, 1986-1991). These 

developments may explain a large part of the increase in investment levels for these 
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countries. Still, a more solid empirical investigation is needed before more definite 

conclusions on the pulp and paper industry’s investment behaviour can be drawn. 

 

Choice of theoretical framework 

Previous theoretical studies have developed various explanations for investment 

behaviour among manufacture activities. Hence, there are several approaches available 

for a researcher who is interested in analysing observed investment patterns. Among 

these are the neoclassical investment theory and the neoclassical location theory. Both 

are commonly used by economists in their attempts to explain investment behaviour. 

 In the neoclassical investment theory, pioneered by Jorgenson (1971), investments 

are seen as a continuous process where the overall purpose of investing is to reach an 

optimal capital stock. Hence, the investment variable is seen as continuous and is 

assumed to depend on the current and expected future marginal revenue product of 

capital and the cost of capital, i.e., the firms maximise the discounted flow of profits 

over an infinite horizon with a constant capital depreciation. Generally, the investments 

are modelled as the results of adjustments towards the optimal capital stock where the 

adjustment cost is modelled implicitly.1 However, the neoclassical investment theory 

has been the subject of a number of criticisms. For instance, it fails to recognise that the 

optimal capital stock is determined simultaneously with the choice of other input factors 

and output levels, hence, neglecting the relative importance of these aspects. For a more 

elaborate review regarding these issues, see Chirinko (1993). 

 A feasible solution to the above mentioned criticism can be found in the 

neoclassical location theory where the investment is often seen as a discrete choice, i.e., 

an investment is either made or not (e.g., Carlton, 1979; Bartik, 1985; Friedman et al., 

1992; Lundmark, 2001; Lundmark and Nilsson, 2001; Bergman and Johansson, 2002). 

Localisation, i.e., the geographic concentration of particular industries, could arise 

through a variety of mechanisms. Usually, an emphasis is put on such mechanisms as: 

market size; agglomeration effects; and transportation costs/distances but often factor 

input prices are also included. The approach employed here rests mainly on the 

neoclassical location theory but instead of using a discrete investment variable we rely 

                                                 
1 The adjustment cost can also be modelled explicitly as in the q model and the Euler equation approach. 
See Chirinko (1993) for a review.  
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on a continuous investment variable, thus, combining the two investment theories 

aforementioned. 

  

Major determinants of investment location in the pulp and paper industry 

In this paper, consideration is given both to factor input prices and to the proximity to 

the markets for the final goods, all in the context of the cost minimising assumptions. It 

is hypothesised that investments will be diverted to countries where the price of 

important input factors is relatively low. Moreover, if proximity to markets is important 

for the pulp and paper industry, investments would be located in countries with high 

GDP. This indicates the existence of a relatively large local market for the finished 

paper products and also relatively low transportation costs to serve the final customers. 

Furthermore, a discussion regarding possible agglomeration effects that might exist for 

the pulp and paper industry is also included. The agglomeration effects suggest that 

production capacity has a tendency to form clusters, i.e., investments will be located in 

countries with large existing production capacities (Gray and Shadbegian, 1998). For 

our purposes the general investment function can, thus, be expressed as: 

 

[1]    ( )AGDPRRIPIPPPPPfI pwELPW ,,,,,,,,=  

 

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

formation refers 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 

presented and defined in Table 2, which also outlines the respective data sources. 

 Two different raw materials are considered in this study. Wastepaper is an 

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

paper and paperboard production varies strongly depending on the specific paper and 

paperboard product being produced. This is a result of, for example, strength and 

hygiene requirements. In 1998 “case materials’” production had an average wastepaper 

utilisation rate of 89.9 per cent among the CEPI (Confederation of European Paper 

Industries) member countries, i.e., the EU15, Czech republic, Norway and Switzerland, 

while “other graphic papers” only utilised 7.1 per cent wastepaper in its production. The 

remaining grades of paper and paperboard utilised between 42.4 and 64.6 per cent of 

wastepaper (CEPI, 1999b). Wastepaper prices (Pw) are measured in US$ per metric ton 
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and they have been calculated by dividing reported export values by quantity (in metric 

tons). In the short run wastepaper prices are, however, highly volatile (e.g., Edgren and 

Moreland, 1989). Investments are based on long-run considerations and the current 

price of wastepaper may, thus, be a relatively bad indicator of long run wastepaper 

availability. In order to account for this an additional wastepaper availability variable is 

included, the wastepaper recovery rate, RR. The wastepaper recovery rate measures the 

amount of wastepaper recovered from the waste stream as a fraction of domestic paper 

and paperboard consumption. The maintained hypothesis here is that a higher recovery 

rate is primarily a result of a more ambitious collection programme, which, in turn, 

makes it relatively easy to obtain wastepaper for use in paper and paperboard 

production. The recovery rate is also likely to remain more stable over time, and hence 

reflects long-run (rather than short-run) availability of wastepaper. 

 

Table 2. Description and sources of the variables 

Variable Description Source 

I 
Gross fixed capital formation 
(million US$) 

United Nations, Industrial Statistics Yearbook 
PERM (1993-1997) 
PEDB (1986-1991) 

PW 
Wastepaper price 
(US$/ton) 

OECD, International Trade by Commodities 
Statistics. 

PP 
Woodpulp price 
(US$/ton) 

OECD, International Trade by Commodities 
Statistics. 

PL 
Real labour costs 
(US$/hour) 

United Nations, Industrial Statistics Yearbook 
ILO, Yearbook of Labour Statistics 
ISTAT, Italy in Figures 

RR Wastepaper recovery rate (%) United Nations, Demographic Yearbook 

IPw 
Import price of wastepaper 
(US$/ton) 

FAO, Forestry Statistical Database 

IPp 
Import price of woodpulp 
(US$/ton) 

FAO, Forestry Statistical Database 

PE 
Real price of electricity 
(US$/kWh) 

IEA, Energy Prices and Taxes 

GDP 
Real GDP 
(US$) 

World Bank, World Development Indicators  

A 
Pulp and paper production capacity  
(million metric tons) 

FAO, Forestry Statistical Database 

 

The second raw material considered is wood resources. Wood fibres are the most 

important cost element in most pulp and paper products and constitute over 55 per cent 

of the woodpulp production costs while woodpulp and recovered paper together account 

for over 40 per cent of paper production costs (CEPI, 1999a). The price of woodpulp is, 

therefore, hypothesised to be a significant determinant of investment levels. Woodpulp 
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prices (Pp) are measured in US$ per metric ton and have been calculated from export 

values and quantities. Wood resources are typical high volume and low value products 

and transportation costs make direct access to forest resources an obvious prerequisite 

for woodpulp production and an important factor in the manufacture of paper grades. 

Since woodpulp prices generally are much more stable over time it was not deemed 

necessary to introduce a specific variable measuring the long-run availability of forest 

resources. 

When choosing a country to invest in, it is not only the domestic price levels that 

are of interest for a firm. The option to import, especially raw materials, is also 

available. For this reason the import prices for wastepaper and woodpulp (IPw and IPp) 

are also included as explanatory variables in the investment model. 

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

constitute about 15 per cent of total production costs. Total direct labour costs, 

including social charges, are high across Europe but also exhibit strong variations across 

countries. High productivity and skill levels can partially offset higher labour costs but 

countries with low labour costs are likely to be an attractive alternative for investments. 

The labour costs facing the pulp and paper industry are denoted by PL and are measured 

in US$ per working hour. High labour costs are expected to deter investment. 

The pulp and paper industry is a large consumer of energy even though some 

modern mills are net energy producers. As a cost input, energy generally accounts for 

about 10-15 per cent of total production costs. To capture the effect of energy costs on 

investments, the electricity price charged to manufacturing industries is included in the 

model (PE). The electricity price is the average revenues per kWh received by all public 

utilities from all industrial sectors. High electricity prices are expected to 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 

generally believed to be a major determinant of the demand for packaging grades, while 

private consumption levels affect the demand for graphic and hygiene papers. A 

location close to high-income areas could also reduce transportation costs and facilitate 

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

high GDP. For this reason, GDP in the respective country is included as an explanatory 

variable in the model. 
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In investment location studies agglomeration effects are often believed to affect 

the choice of investment location (e.g., Head et al., 1999). Agglomeration effects 

operate when the presence of similar firms raises the probability that subsequent 

investments will choose that location. If successfully controlling for other factors that 

influence the location choice, the estimated agglomeration effect represents the positive 

externalities conferred by proximate location choice. Agglomeration effects in the pulp 

and paper industry might involve a large and highly skilled workforce pool, which 

reduces training costs and increases productivity for new employees. Furthermore, 

technical spill-overs may also constitute an important agglomeration effect. However, in 

the current specification, agglomeration effects 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 (i.e., the sunk cost) has on the 

investment decisions. By introducing the variable A, which is measured as total existing 

pulp and paper capacity, this impact is taken into account. 

 

Model specification and estimation issues 

This paper specifies and estimates a continuous investment function. Assuming that 

investment levels in the ith country during time period t (Iit) are determined by expected 

profits, it, which, in turn, are a function of a vector of the determinants of the profit 

(xit), the general investment function can be expressed as: 

 

[2]     ( )[ ] ( )itititit ffI xx == π  

 

A multiplicative functional form for the investment function is assumed, so that: 

 

[3]      ∏
=

=
K

k
iktit

iktxI
1

α  

 

where K is the total number of regressors. This functional form permits the 

interpretation of the ’s as elasticities. By taking the logarithm of equation [3] linearity 

in the parameters is obtained. 
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Three different stochastic models will be estimated and compared using a 

balanced panel data set for ten West European countries over the time period 1978-1995 

providing a total of 170 observations. These models are: (1) the constrained least 

squares regression (CLSR); (2) the least squares dummy variables (LSDV), also known 

as the fixed effects model; and (3) the 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 for each cross-section or time period. The CLSR model treats the data panel 

as if there were only one effect that could fit all cross-sections or time periods in the 

panel. This means that the CLSR model has a serious drawback, namely the inability to 

distinguish variance unique to independent cross-sections or time periods. There are, 

however, some attractive aspects of the CLSR model. First, the simplicity of the model 

also forces the researcher to “stay close” to the data, i.e., to uncover anomalies in the 

residuals, run more robust tests against autocorrelation and heteroscedasticity to 

establish the reliability of the estimates. Second, in the absence of a perfectly specified 

model, the CLSR model will be less likely to produce artificial estimates (Sayrs, 1989). 

Equation [4] shows the CLSR model specification. 

 

[4]     itititI x ++= ’α  

 

where  is the single intercept and it is a disturbance with E[ i t]=0 and Var[ i t]= 2 . 

In this model, only one intercept and similar slope coefficients are, thus, estimated. 

The LSDV model permits the use of separate intercepts either for cross-sections, 

e.g., countries, or time periods. These intercepts cannot, however, explain 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. For our purposes the LSDV model may 

be written as: 

 

[5]    
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where the i´s are individual specific constants, the dj´s are cross-section specific 

dummy variables which equal unity only when j=i. 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 that between countries reflecting conditions that change only 

slowly over time. 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). In other words, this 

latter approach would tell us very little about how firms choose among countries when 

investing. 

Finally, the random effects model (REM) 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 it is believed that sampled cross-sections have been drawn 

from a larger population (Baltagi, 2001). The REM specification can, in our case, be 

expressed as follows: 

 

[6]     itiitit uI x +++= ’α  

 

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 about where the variance is fixed, so, in the presence of weak or 

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

disadvantage is that the model is driven by random error. It has been suggested that the 

distinction between fixed and random effect models is an erroneous interpretation. 

Mundlak (1978) argues that the time effects should always be treated as random. The 

fixed effect models are simply analysed conditionally on the effects presented in the 

observed sample. Arguments that certain institutional factors or characteristics of the 

data favours one or the other model can be made, but unfortunately, this does not 

provide much guidance. The fixed effect model has one important 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 



 
 

 

11

suffer from the inconsistency due to omitted variables (Hausman and Taylor, 1981; 

Chamberlain, 1978). 

For estimation purposes equations [4]-[6] are transformed 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 

transformation of equation [3], in which only the intercept terms differ between the 

three models. 

 

[7]   ( ) ( )∑
=

−+−=−
K

k
jkikkjiji II

1

lnlnlnlnlnln xxαα  

 

The data are drawn from a panel of ten West European countries, i.e., Austria, 

Finland, France, Germany, Italy, the Netherlands, Norway, Spain, Sweden and the 

United Kingdom, and for the time period 1978-1995. Since all equations are estimated 

using relative investment flows, the choice of numeraire country can be made entirely 

arbitrarily and has, thus, no effect on the results. Austria is chosen in this case. Thus, for 

a particular country and year, the dependent variable is the log of capital expenditures 

by the pulp and paper industry divided by the 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 is estimated using partitioned ordinary least squares. The REM 

model is estimated using the two-step generalised least squares. Missing observations is 

replaced with sample average values (in 12 out of a total 170 observations). 

 

Estimation results 

It should be noted that since the estimations were done with relative variables the 

interpretation of the coefficients because somewhat different than what is customary. If 

xi increases 1 per cent in a country relative to the numeraire country it is expected that 

the investments in that country will change by i per cent relative to the numeraire 

country. A simple likelihood ratio test rejected the hypothesis that the time specific 

effects are equal (see estimates in the Appendix). This means that we do not report any 

results from the CLSR model. The time-specific dummy variables explain common 
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time-specific effects that influence all the studied countries at the same time. This could, 

for instance, be due to symmetric business cycles, introduction of new technologies, 

changing competition from other regions or other common policies affecting the region. 

In sum, it can be concluded that investments are affected by time specific factors, 

primarily reflecting the fact that investments in the pulp and paper industry are highly 

cyclical. 

Table 3 reports the parameter estimation results of the LSDV and REM models. 

To begin with, it may be noted that the patterns of the estimates are fairly similar across 

the models. This indicates that the results are relatively robust with respect to model 

specification. 

 

Table 3. Parameter estimation results 
 Least Squares 

Dummy Variable 
(LSDV) 

Random Effects 
Model  
(REM) 

Constant 17DV -0.37  (1.03) 
Wastepaper Price Domestic 0.05  (0.45) -0.02   (0.15) 
Wastepaper Price Import 0.12  (0.84) 0.19  (1.35) 
Woodpulp Price Domestic -0.09  (1.15) -0.08  (1.09) 
Woodpulp Price Import 0.11  (0.59) 0.09  (0.48) 
Energy Price 0.10  (0.64) 0.08  (0.53) 
Labour Price -0.62  (4.16)* -0.49  (3.10)* 
Recovery Rate 0.05  (0.73) 0.27  (2.25)* 
GDP 0.89  (1.61)* 1.17  (2.06)* 
Agglomeration 0.78  (13.7)* 0.81  (13.9)* 
Adj R2 0.76 0.65 

Note:   Absolute values of the t statistics in parentheses.  
17DV indicates the use of 17 dummy variables, see table A1. 
* at least 10 per cent statistical significance. 
LIMDEP was used as estimation program. 

 

The estimated coefficients are analysed both in terms of their statistical 

significance as well as in terms of their economic significance, i.e., the magnitude of the 

coefficients. Labour price, agglomeration effects and market size are statistically 

significant determinants of investment levels (at the 10 per cent significance level) 

while coefficients representing the raw material prices are statistically insignificant. 

Furthermore, the wastepaper recovery rate, included as a proxy for the long-run 

availability of wastepaper, is statistically significant in the REM model. 

The magnitudes of the coefficients, or the economic significance vary. Market 

size has the largest impact on investment levels; a one per cent increase in the relative 
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GDP would increase the relative investment level with 0.9-1.2 per cent depending on 

model. The agglomeration coefficient indicates that a one per cent increase in the 

relative pulp and paper production capacity would increase relative investment levels by 

approximately 0.8 per cent. Existing production capacity attracts investments both 

through the need for continuous investments to maintain the existing capital stock and 

through “true” agglomeration effects, such as the existence of technical spill-overs and 

pools of workers from which an investor can hire workers with the necessary skills. The 

estimation results do not permit the separation of these two effects; only an aggregate is 

attained. Furthermore, since on-site investments are more common than green-field 

investments it is believed that the agglomeration variable largely captures the flow of 

investments that goes into existing capacity. The coefficient representing labour wages 

indicates that a one per cent increase in the relative labour costs would decrease the 

relative investment levels a country receives by 0.5-0.6 per cent. Coefficients 

representing the impacts of the raw material prices, i.e., wastepaper and woodpulp 

prices, exhibit similar magnitudes across the two models, ranging from 0.02 for 

domestic wastepaper prices to 0.19 for wastepaper import prices. There is very little 

evidence supporting the notion that short-run wastepaper availability affects the 

investment levels in the European pulp and paper industry. However, the results indicate 

that long-run wastepaper availability, measured by the wastepaper recovery rate, has a 

positive affect on investment levels.  Still, the magnitude of this impact is relatively 

small compared with the effects of changes in labour wage, agglomeration effects and 

market size. The effect of changes in electricity prices is also small and statistically 

insignificant. 

 

Conclusions 

The purpose of this paper has been to analyse the most important determinants of 

investment levels in the European pulp and paper industry and to empirically estimate 

the relative impacts of these determinants. Three different investment equations were 

specified and estimated using data across ten European countries over the time period 

1978-1995. The results indicate that labour costs, market size and agglomeration effects 

are statistically significant determinants of investment levels in the European pulp and 

paper industry, while the impacts of raw material prices both domestic and imported, 
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are somewhat ambiguous. However, the long-run wastepaper availability seems to 

matter in the sense of attracting investments.  

Thus, the short- and long-run measures of wastepaper availability appear to have 

different impacts on investment levels. This indicates that for the European pulp and 

paper industry long run supply of secondary fibre resources matters for investment 

location. Various legislations and government sanctioned recycling programs have 

boosted paper recovery rates and, thus, also, to some extent, investment levels. Still, 

these impacts are according to our results relatively small and investment behaviour is 

mainly driven by other considerations.  

The relatively large impact of changes in market size on investment levels could 

partly be explained by the fact that the paper industry is trying to increase its margins 

through product differentiation, something, which in turn, is facilitated by close 

proximity to niche markets making production adjustments easier in response to 

changing demand. As a result, proximity to output markets would be considered more 

important. A comparison of the economic significance of changes in the costs of input 

factors with changes in the market size indicates that proximity to output markets tends 

to have a larger impact on the decision to invest than do proximity to abundant raw 

materials or cheap access to electricity and labour. This conclusion is supported by an 

early study by Lindberg (1953), who found that the Swedish paper industry in its 

investment decisions is not so much influenced by raw material availability as is 

generally believed. 

The agglomeration coefficient indicates that the power of sunk costs is important. 

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

new establishments is limited. The results, to some extent, reflect the high asset-

specificity of the paper industry making it difficult to salvage invested capital. These 

factors make it more economical to invest in existing rather than in new capacity, i.e., to 

extend the life of existing mills and invest in incremental capacity additions. The capital 

costs involved in 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 simply because its capital costs are sunk and it competes against new mills solely 

on the basis of its variable costs. 
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A1 

 

Table A1. Time specific intercepts 
 LSDV model 
1978 -0.41 2.13 * 
1979 0.81 4.39 * 
1980 0.77 4.27 * 
1981 0.57 3.08 * 
1982 0.17 0.93  
1983 -0.45 2.49 * 
1984 -1.02 5.73 * 
1985 0.05 0.30  
1986 -0.53 2.86 * 
1987 -0.12 0.59  
1988 0.69 3.77 * 
1989 0.14 0.78  
1990 -0.37 1.96 * 
1991 -0.48 2.69 * 
1992 -0.16 0.81  
1993 0.01 0.03  
1994 0.30 1.52 * 
1995 0.01 0.04  

Note: Absolute values of the t statistics  
      in parentheses. 

* at least 10 per cent statistical significance. 
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Abstract: The overall purpose of this paper is to analyse the rate and the impacts of 
technical change in the Swedish pulp and paper industry. In contrast to earlier research 
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enabling the estimation and decomposing of a general index of technical change. The 
analysis is made within a Translog cost function model, which is estimated using a 
panel data set with observations across individual paper and board mills over the time 
period 1974-1994. Our results indicate that the highest rates of technical change have 
generally occurred during the latter part of this period. Pure technical change is the 
primary component that has directed technical change over the entire time period. We 
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Introduction 

The diffusion of technical innovations is often referred to as the most important driving 

force behind economic growth. For instance, in his seminal study Solow (1957) 

concludes that 87.5 per cent of per capita income growth in the U.S. could be attributed 

to technical change while only 12.5 per cent were due to increases in the capital stock. 

However, the impacts of technical change on different sectors of the economy as well as 

on the use of different production factors are likely to differ. The overall purpose of this 

paper is to estimate and decompose a general index of technical change for the Swedish 

pulp and paper industry. The analysis is done within a flexible cost function model.  

The pulp and paper industry has played (and still plays) an important role in the 

Swedish economy, and it remains one of the most competitive industries in the 

international market for pulp and paper products. This development would not have 

been possible without significant technical progress, and the industry has experienced 

profound changes in its technology during the last decades. These changes have, for 

instance, been related to the development of integrated mills, continuous manufacturing 

processes, closed production processes, and to the increase in wastepaper use. 

Technological progress has also had an impact on the minimum efficient scale of the 

industry; the size of the average mill has increased due to improved production 

technology but also due to falling transportation costs (Rehn, 1995). 

Furthermore, the use of different input factors has changed over time and 

technical change is claimed to be one of the major driving forces behind these changes 

(e.g., Zavatta, 1993). For instance, technical changes have contributed to substantial 

labour savings in the industry. In addition, while public policies clearly have 

encouraged the increased use of wastepaper, the basic technology to use wastepaper in 

the production of various paper grades has also improved (Patrick, 1994).1 Still, 

recycled fibres are, so far, mainly used in the production of newsprint, tissue and liner 

due to restrictions in strength- and purity requirements for other paper grades.  

There is an extensive empirical literature using cost function approaches, 

especially the Translog, on the analysis of different aspects of the production 

technology in the pulp and paper industry (see Stier and Bengston (1992) for an 

overview). Most of these earlier studies focus on the North American (U.S. and 

���������������������������������������������������
1 The development of more wastepaper intensive production processes may even give rise to a different 
localisation pattern for mills, through a shift from the forest-rich countries to regions with high population 
intensities and thus high paper consumption levels (Lundmark, 2001; Lundmark and Nilsson, 2001). 
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Canadian) industries. The results from this set of studies suggest that annual 

productivity growth in the North American pulp and paper industries has roughly 

ranged between 1 and 2 per cent, and that technical change has had, ceteris paribus, a 

negative impact on the use of labour and material, while the corresponding impact on 

capital and energy use (with some exceptions) has been positive (e.g., Sherif, 1983; 

DeBorger and Boungiorno, 1985; Stier, 1985; Martinello, 1985; Quicke et al., 1990). 

Andrade (2000) reports similar results for the pulp and paper industries in the European 

Union.  

For the Swedish pulp industry Wibe (1987) concludes that productivity growth 

has ranged between 1 and 4 percent over the period 1952-1982, and that technical 

change has had labour and energy saving and material and capital using impacts. More 

recent studies have focused on the Swedish paper industry and these have divided the 

material input into wastepaper, woodchips and pulp. Rehn (1995) concludes that over 

the period 1972-1990 the impacts of technical change on the use of capital, energy, pulp 

and wastepaper were positive, while labour and woodchips experienced a negative 

technological bias. He also reports that the rate of productivity growth amounted to 

about 2.5-3.0 per cent in the 1970s but has since then declined consistently and was 

below 1 per cent in the late 1980s. Samakovlis (2001) focuses primarily on the degree 

of short- and long-run inter-factor substitution in the Swedish paper industry. Still, her 

estimation results indicate that technical change has, for example, had a negative impact 

on the use of wastepaper, energy (including electricity and fossil fuels), capital and 

labour but a pulp using impact. With respect to wastepaper and energy these findings 

contradict the results of Rehn (1995). 

Common for all the above studies is that they include a simple time trend in their 

cost functions, resulting in a smooth, slowly changing characterisation of the pace of 

technical change. In this paper, however, we employ the approach laid out by Baltagi 

and Griffin (1988) and replace the time trend with time-specific dummy variables 

enabling the estimation and decomposing of a general index of technical change. To 

achieve this the analysis is made within a Translog cost function model, which is 

estimated using an unbalanced panel data set with observations across paper and board 

mills over the period 1974-1994. In addition, in contrast to most of the earlier studies 

we also focus explicitly on differences in technical change between different paper 

grades, and consider four separate models for newsprint, tissue, carton, and kraft. Since 

these paper products do not have to meet up to relatively tough quality standards, 
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intensive use of wastepaper is common in their production. Thus, our choice of paper 

grades permits a detailed analysis of the impact of technical change on wastepaper use. 

The paper proceeds as follows. The next section briefly discusses the Swedish 

pulp and paper industry with a special focus on technological developments and market 

forces that have affected production costs during the last decades. The following section 

describes the broad theoretical framework within which technical change is analysed in 

this paper. The Translog cost model to be estimated is specified, the relevant data are 

presented and model estimation issues are discussed. We then present the empirical 

results, and the paper ends with some concluding remarks. 

 

The role of technical change in Swedish pulp and paper production 

In a global perspective Sweden is one of the largest actors in the forest sector. Sweden 

is the fourth largest exporter of paper, and the third largest exporter of woodpulp. The 

forest industry, which includes the pulp and paper industry, account for some 4 per cent 

of Swedish GNP, and some 15 per cent of total exports (SFIF, 2000). Since the industry 

imports only small amounts of production raw material, it thus makes a considerable 

contribution to the trade balance. Although forest industry operations are no longer 

particularly labour intensive, the industry as a whole is nevertheless a highly important 

source of employment, especially in sparsely populated areas. Technical progress has 

been crucial in securing this important economic role of the Swedish pulp and paper 

industry. 

Since the introduction of the continuous paper machine, when wood replaced rags 

as the primary fibrous raw material, the general characteristics of the production process 

have remained virtually unchanged. Nevertheless, a number of significant technical 

advances have been realised and put into practice. Figure 1 shows indexes of the 

average variable costs of production over the period 1974-1994 for four major paper 

grades in Sweden. For all grades, with the exception of carton,2 there have been 

consistent declines in average costs. This development has been shaped by a number of 

closely related factors, including: (a) the reaping of the benefits of scale economies; (b) 

technical progress; (c) changes in input prices and (d) government regulations. 

���������������������������������������������������
2 The soar in carton costs in 1986/87 is partly due to unusually high increases in labour, energy and 
wastepaper costs. In addition, certain carton grades are produced for end-use niche markets and are thus 
not standardised products, and the cost increase can therefore imply change in the output mix, i.e., a shift 
in production from low cost to high cost grades.  
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 Like other continuous-process industries (such as cement and steel), the pulp and 

paper industry is characterised by economies of scale at the production stage (e.g., 

Andrade, 2000). Investment costs per unit of output decline markedly with size, due to 

the presence of indivisibilities and of three-dimensional equipments, such as pipes, 

boilers, etc., subject to the “two-thirds power” rule.3 Operating costs per unit of 

production also tend to decrease with size, although usually less rapidly. For instance, 

unit labour costs are normally lower at higher levels of output because larger pulping 

lines and paper machines require only few additional staff. 
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Figure 1. Average costs (AC) for different paper qualities (Index 100 = 1974) 

 

In 1974 there were some 208 pulp and paper mills in Sweden producing various 

paper grades, totalling an annual production of 7 million metric tons. Two decades later, 

the number of mills had been reduced to 99 but the production had risen to well above 9 

million metric tons per year (CEPI, 1995). Hence, during the period between 1974 and 

1994 there has been a tendency for the surviving mills to increase their capacity 

enabling an overall increase in total paper production even though the number of mills 

has decreased. 

���������������������������������������������������
3 From basic geometry we know that the area of a cylinder of constant proportions increases less rapidly 
(67 per cent) than the potential volume implying that costs should increase by only 67 percent as volume 
doubles.  



� 5 

 The efficient scale of operations is not determined solely on the basis of 

production cost considerations. For instance, in the case of specialty papers sold in 

segmented markets the average customer order is normally much smaller than the 

normal run of an “optimal” (in terms of investment costs) paper machine. Under similar 

circumstances, the flexibility in production required by market conditions may 

sometimes be more easily achieved by operating two small machines rather than a 

larger one. Generally, in pulp production and in the manufacture of more standardised 

paper products the optimal scale for operation tends to approach the maximum 

technically feasible, whereas for specialised products scale is determined by market 

conditions. In some cases scale economies play an undoubtedly important role, in the 

sense that sub-optimal mills are at a substantial cost disadvantage vis-à-vis larger ones. 

However, they do not per se lead to a highly concentrated production structure. In fact, 

even in the case of commodity grades such as newsprint and liners, the estimated 

minimum efficient scale of operations are usually well below 5 per cent of the relevant 

market (Zavatta, 1993). 

Technical progress in the pulp and paper industry during the last 30 years has 

been concentrated mainly in the area of fibrous raw material processing and in that of 

energy consumption. Together with changes in relative input prices these technical 

advancements have contributed to increased opportunities for reaping the benefits of 

scale economies as outlined above, but also in changing the relative input use over time. 

Table 1 displays the input cost shares for six production factors and four different paper 

grades over the period 1974-1994.4 For tissue, newsprint and kraft the cost shares for 

wastepaper have increased over the time. This, together with substantial declines in the 

prices charged for wastepaper, indicate upswings in the physical utilisation of recycled 

paper. Woodpulp has experienced a reduced cost share in tissue and kraft production 

even though its price has increased. This is explained by the lower utilisation of 

woodpulp in the production of tissue and kraft paper. 

 The oil crises of the 1970s forced the pulp and paper industry to re-evaluate its 

energy use and adopt a variety of measures to improve energy efficiency since the 

industry was heavily dependent on external fossil-fuelled power generation sources. The 

main focus of these efforts was directed towards rationalisation of existing processes 

and self-generation. Some of the breakthroughs that have occurred in the area of energy 

���������������������������������������������������
4 1994 is the last year for which mill-specific data on input cost shares are available from Statistics 
Sweden.  
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conservation are, for instance: (a) savings in the use of process steam per unit of output 

(with a decline of about 30 per cent in some pulp mills); (b) a more efficient recovery 

and combustion of spent liquor from chemical pulp mills; (c) higher boiler efficiencies; 

and (d) an expanded use of biomass fuels, such as bark, sawdust, and wood waste 

(Zavatta, 1993). The combined effect of these innovations has been a reduction in the 

energy consumption for many paper grades. Today, a modern chemical pulp mill is 

largely independent of outside sources of power and, indeed, generates some surplus 

steam and power, which in integrated mills can be used in the production of paper.  

 

Table 1. Average cost shares for different time periods  

  1974-1979 1980-1984 1985-1989 1990-1994 

Newsprint Wastepaper 0.034 0.032 0.039 0.056 
 Woodpulp  0.060 0.082 0.038 0.000 
 Pulpwood 0.094 0.114 0.331 0.408 
 Woodchip 0.017 0.015 0.017 0.023 
 Labour 0.727 0.654 0.368 0.220 
 Energy 0.069 0.103 0.206 0.292 
Tissue Wastepaper 0.037 0.061 0.091 0.097 
 Woodpulp  0.455 0.453 0.363 0.281 
 Pulpwood 0.063 0.058 0.056 0.050 
 Woodchip 0.011 0.000 0.010 0.018 
 Labour 0.360 0.346 0.378 0.436 
 Energy 0.073 0.082 0.103 0.119 
Kraft Wastepaper 0.071 0.064 0.079 0.088 
 Woodpulp  0.303 0.306 0.206 0.041 
 Pulpwood 0.070 0.070 0.165 0.314 
 Woodchip 0.065 0.072 0.075 0.090 
 Labour 0.411 0.408 0.365 0.312 
 Energy 0.079 0.081 0.109 0.155 
Carton Wastepaper 0.079 0.102 0.087 0.049 
 Woodpulp  0.106 0.105 0.023 0.000 
 Pulpwood 0.018 0.014 0.009 0.000 
 Woodchip 0.006 0.002 0.000 0.000 
 Labour 0.738 0.708 0.819 0.897 
 Energy 0.053 0.069 0.062 0.054 

 

A further indication of the technical progress in this area is provided by the 

substantial aggregate savings achieved in Sweden, where the overall consumption of 

fuel oil in the pulp and paper industry decreased by some 75 per cent between 1973 and 

1984, while the pulp and paper output increased by about 20 per cent (Jakko Pöyry, 

1987). Still, as indicated above, in spite of these developments many economic studies 

find little evidence for the notion that technical change has led to substantial relative 

energy savings in the industry. This may suggest that the technical changes induced by 

the energy crises in the 1970s were primarily aimed at securing supply by encouraging a 
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higher reliance on domestic energy sources. Thus, technical progress in terms of 

production cost reductions was not the prime result of the efforts undertaken. 

Technical advances have also occurred in relation to raw materials use. These 

include, first, the development and refinement of new high yield pulping processes like 

the thermo-mechanical and the chemi-thermo-mechanical methods, which permit 

considerable savings in the consumption of wood. Pulp produced with these processes 

has yields close to that of the traditional mechanical pulp (90 per cent), but unlike the 

latter they can to a significant extent replace low-yield (and much more expensive) 

chemical pulp in the manufacture of a variety of papers and paperboard. Second, the 

development of pulping techniques has permitted the widening of the range of wood 

species that can be effectively used in papermaking. In the past, northern species like 

spruce, fir, birch etc. were by far the most important sources of fibre for the paper 

industry but since the 1960s technical advances in pulping led to increased use of other 

species (e.g., the southern pine and eucalyptus, thus significantly broadening the 

industry’s raw material base). Third, the development and the refinement of wastepaper 

treatment techniques have permitted substantial substitution of wastepaper for virgin 

fibres in the manufacturing of a wide range of paper grades (Zavatta, 1993). In 

particular, improved techniques for the elimination of contaminations have been 

developed. The result has been a marked improvement in the physical quality of 

recycled fibres. In addition, there has been a favourable effect on the cost of recycled 

fibre – because technology has allowed lower grades to be used – and therefore on the 

profitability on the industry. However, it is worth pointing out that recycling of paper is 

not a question of ’either/or’. Recycling paper fibre and fresh wood fibres, or virgin 

fibres, are, to some extent, complementary raw materials. Paper fibres cannot be 

recycled indefinitely and the system must be replenished continuously with virgin 

fibres. Furthermore, many paper grades must be manufactured exclusively from virgin 

fibres to comply with quality and hygiene requirements. 

Government regulation generally implies increased costs for affected firms (e.g., 

Brännlund and Liljas, 1993). For the pulp and paper industry these regulations have 

often been in the form of wastewater treatment requirements and air emission controls. 

Since the mid 1960s most countries have introduced increasingly strict environmental 

regulations and the pulp and paper industry has been forced to invest heavily to reduce 

its environmental impact. The 1974-79 increase in average costs (see Figure 1) can, in 

part, be contributed to the later stage in the wastewater and air emission regulations that 
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started in the mid 1960s and forced the industry to reduce its emissions by 50-75 per 

cent over a decade. Furthermore, during the latter part of the 1980s growing concerns 

regarding chlorinated organic compounds originating from bleaching processes 

manifested itself in a second wave of environmental regulations. As a result, virtually 

every mill in the world is reconsidering its bleaching process and/or is installing more 

advanced secondary and tertiary treatment equipments, with an anticipating heavy 

impact on investment and operating costs. For instance, in order to reduce the content of 

chlorinated organic compounds from 6 kg per ton of output to a level of 0.5-1 kg per ton 

of output will cost approximately 55-95 US$ per ton (Ahlgren, 1991).  

 

The theoretical framework 

Following many earlier studies on production economics we assume that a 

representative paper mill operates according to the following general production 

function: 

 

[1]     ( )( )tAfy mtmtmt ,,zx=  

 

where ymt is the level of paper output produced by mill m in time-period t, xmt is a vector 

of variable input quantities, zmt is a vector of quasi-fixed input quantities, and A(t) 

represents the state of technological knowledge in time period t. The production 

function in equation [1] is assumed to be twice continuously differentiable, as well as 

increasing and concave in x. It describes the maximal amount of paper that can be 

produced during a certain time period given different quantities of inputs (both quasi-

fixed and variable), and different levels of technological knowledge. 

Since the specific functional form of the production function is unknown, and a 

direct estimation of [1] would implicitly assume that the input quantities are exogenous 

and independently chosen, its dual representation, the cost function, is used to infer the 

underlying technical structure (Varian, 1992). This approach assumes that input prices 

(rather than quantities) are exogenous to the producers. For our purposes the cost 

function can be defined as: 
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where wmt is a vector of strictly positive input prices (for the variable inputs), wmtxmt is 

the inner product and V(y) is the input requirement set (all input combinations capable 

of producing output level y). In other words, the cost function represents the minimum 

cost of producing a given output level during a given time period and given certain 

input prices, as well as different levels of quasi-fixed inputs, output and technological 

knowledge. In order to ascertain the existence of a cost function we also need to assume 

that the input requirement set is non-empty and closed (Chambers, 1994). 

The above theoretical framework permits an investigation into the impact of 

technological change on production costs and factor demand behaviour. Technical 

change is generally defined as the application of new knowledge to the production 

process. For example, Ruttan (1982, p. 237) provides the following specific definitions 

of technical change: (1) the substitution of “inexpensive and abundant resources for 

scarce and expensive resources,” (2) “the substitution of knowledge for resources,” and 

(3) the releasing “the constraints on growth imposed by inelastic resource supplies.” In 

this paper we follow Solow (1957) and view technical change as ‘simply’ involving a 

shift in the cost function. This indicates that in our general model above technical 

change can be measured by the change in output not caused by changes in the amount of 

inputs, or, equivalently, by a change in the average costs of production not caused by 

altering input prices or the scale of the operation. 

Economic studies of technical change can broadly be divided between (a) the 

index number approach; and (b) the econometric approach.5 In the index number 

approach the indices used are mostly based on measures of total factor productivity 

(TFP), which in turn are defined as the ratio of an index of outputs to an index of 

aggregate inputs and differ mainly in how the individual outputs and inputs are 

weighted in constructing the aggregate measure of productivity. This approach is fairly 

straightforward, and it does not suffer from the limitations on degrees of freedom as the 

econometric approach does. Moreover, there is no need to collect specific factor prices 

if expenditures data are available (Stier and Bengston, 1992). Among the drawbacks, 

however, is that the index approach often builds on restrictive assumptions regarding 

the underlying production technology. For example, if the technology does not exhibit 

constant returns to scale it is not possible to separate technical change effects from scale 

effects without resorting to further analysis based on econometric techniques (Baltagi 

���������������������������������������������������
5 For a more detailed review of these two approaches including an application to the pulp and paper 
industry, see Stier and Bengston (1992). 
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and Griffin, 1988). The index approach does not provide any information regarding 

other parameters of interest, such as elasticities of factor substitution and scale effects. 

The index of technical change is simply an aggregate of the impacts of all factors. 

There are considerable advantages of explicitly estimating production parameters 

using the econometric approach. The parameters of greatest interests are usually those 

that include the nature and extent of factor relationships as measured by: (a) the 

elasticities of factor substitution; (b) economies of scale; and (c) the extent and bias of 

technical change. The developments of flexible functions, such as the Translog 

(Christensen et al., 1971), the generalised Leontief (Diewert, 1971), and the generalised 

Box-Cox (Berndt and Khaled, 1979), all permit empirical testing of the nature of these 

effects. However, unless the technical change measure used is specified properly the 

estimation may result in biased estimates of price elasticities and returns to scale 

parameters. This is likely to be an issue of concern in many applied econometric studies 

that introduce a simple time trend, t, representing technical change. The standard time 

trend approach is restrictive in the sense that it assumes that technical change occurs at a 

constant rate, and in this way “producing a smooth, slowly changing characterisation of 

the pace of technical change,” (Baltagi and Griffin, 1988, p. 22). 

The above suggests that it is appropriate to adopt a hybrid approach towards 

technical change that builds on both the econometric and the index approaches. Baltagi 

and Griffin (1988) has developed such a method that employs: (a) a general index of 

technical change using panel data and time-specific dummy variables; within the 

context of (b) a flexible cost function (the Translog). This approach permits the 

estimation of the parameters of the underlying production technology as well as of a 

technical change index that may be both scale augmenting and non-neutral. In this paper 

we adopt the general approach suggested by Baltagi and Griffin (1988), and our model 

specification is outlined in the next section. 

 

Model specifications 

As was noted above, the functional form of the underlying production function is often 

unknown, and so is thus the case for its dual representation, the cost function. To 

impose as few restrictions on the unknown cost function as possible a transcendental 

logarithmic (Translog) approximation of the cost function is used. This function is 

obtained by a second-order Taylor expansion of the logarithm of an arbitrary cost 
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function (Christensen et al., 1971, 1973).6 Furthermore, we also assume the existence of 

a short-run cost function, i.e., one in which the capital stock, z, might be fixed at a level 

other than its full-equilibrium value. In most previous studies long-run cost functions 

are employed to analyse the cost structure of the pulp and paper industries in various 

countries (see Stier and Bengston (1992) for a review). Implicit in the long-run 

formulation is, however, the assumption that the industry is in (long-run) static 

equilibrium at all times. This assumption is not likely to be valid for industries where 

the capital embodied has a long lifetime, and where adjustments are costly. This is 

particularly true for heavy industries, such as the pulp and paper industry, where 

capacities are planned and build on long-term forecasts, which easily can be inaccurate. 

In addition, excess capacity is often maintained to meet sudden increases in demand. 

This implies that the capital stock is quasi-fixed and that the firms are often not in static 

equilibrium. Under such circumstances a variable (short-run) cost function represents a 

more appropriate representation of the underlying production structure. Moreover, our 

choice of estimating a short-run cost function also appears appealing since short-run 

disequilibria are likely to have been operative during the period under study (1974-

1994). For instance, the sudden energy price increases following the oil crises in the 

1970s represent important causes of such disequilibria. For our purposes the Translog 

form of equation [2] is given by: 
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���������������������������������������������������
6 While the development of flexible functional forms has facilitated a more complex representation of 
production technologies, such forms do not guarantee meaningful results. The Translog functional form, 
for example, can yield unrestricted estimates of substitution elasticities, but at the cost of possibly 
violating global regularity conditions on the concavity of a production function (or the convexity of a cost 
function). A comparison of the properties of the most common flexible functional forms and their 
implications for the estimation of parameters of the production technology can be found in Fuss and 
McFadden (1978). 
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where the subscript m=1,…,M indexes the number of paper mills. Dm represent paper 

mill-specific dummy variables. VC is the variable costs of production, and is a function 

of N variable input prices (wi, i=1,…,N), the level of paper output (y), the amount of 

quasi-fixed input (z), in our case the capital stock, and a general index of technical 

change (A(t)). Thus, in contrast to earlier studies of technical change in the paper and 

pulp industry the simple time trend is replaced by a general index of technical change.  

By differentiating the variable cost function with respect to input prices and 

employing Shephard’s lemma, the corresponding cost share equations (for inputs 

i=1,…,N) can be derived: 
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Since A(t) is unobservable it is not possible to estimate equations [3] and [4] 

directly. However, by employing time-specific dummy variables and a pooled data set 

the system of equations can be estimated. The Translog variable cost function can then 

be reformulated as: 
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where Dt denotes time-specific dummy variables (t=1,…,T). The corresponding cost 

share equations, in this case, are: 
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Equations [3] and [4] are identical to equations [5] and [6] if an only if: 
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Equation [7] shows that by estimating the system of equations in [5] and [6] it is 

possible to derive the technical change index, A(t). Setting the first year in A(t) as the 

base, i.e., A(1)=0, permits the derivation of the parameters α0, αi, αy, λm as well as of 

the index A(t). Furthermore, the symmetry restriction, βij=βji, is imposed on the model. 

To ensure that the cost shares add up to one (1) and that the cost function is linearly 

homogenous in input prices, the following parameter restrictions are also imposed: 
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Following Caves et al. (1981), economies of scale are defined as the proportional 

increase in total cost resulting from a proportional increase in output. In terms of the 

variable cost function, the coefficient of economies of scale (ES), adjusted to a quasi-

fixed factor, can be estimated as:  
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An industry is said to exhibit economies (diseconomies) of scale if ES is greater (less) 

than unity. The rate of technical change, 
•
T , can, assuming that the technical change 

index A(t) captures disembodied technical change, be obtained by differentiating the 

variable cost function with respect to t. We then obtain: 
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Technological progress is here defined as cost diminution over time, ceteris 

paribus. Thus, in equation [10] a negative sign indicates technical progress while a 

positive sign is a sign of technical regress.7 From equation [10] technical change can be 

decomposed into four different components. Following Baltagi and Griffin (1988) and 

Bhattacharyya et al. (1997) these components are defined as: 

 

1. Pure technical change (PTC), ( ) ( )1−− tAtA ; 

2. Non-neutral technical change (NTC), ( ) ( )[ ]∑ =
−−N

i iiA wtAtA
1

ln1β ; 

3. Scale-augmenting technical change (STC), ( ) ( )[ ] ytAtAyA ln1−−β ; and  

4. Quasi-fixed factor augmenting technical change, (FTC), ( ) ( )[ ] ztAtAzA ln1−−β . 

 

PTC represents the effect of “pure” technical change. The effects of non-neutral 

technical change are captured by the second component, NTC. The third component, 

STC, represents the part of technical change that can be attributed to changes in output 

through exploitation of economies of scale. Lastly, the impact of changes in technology 

on the quasi-fixed input factor is measured by the fourth component, FTC. In the 

remainder of this paper a negative sign is assigned to the partial derivative in [10] so as 

to obtain a positive estimate of technical change in a situation of declining costs. 

Even though our approach permits a more general characterisation of technical 

change than does the simple time trend, also in our case ‘time’ is assumed to be a proxy 

for technical knowledge. However, in practice it may be difficult to determine what this 

‘time effect’ actually represents. In this paper we assume that the ‘time’ effect may be 

interpreted as the combined effect of pure innovation and learning activities as well as 

the cumulative impacts of government policies affecting the cost structure of the 

industry (see Matsukawa et al. (1993) for a similar approach). These policies may 

include, for instance, emission standards and mandatory technology requirements.8 

���������������������������������������������������
7 The possibility of increasing costs over time (or negative technical change) deserves some further 
attention. In the case of constant returns to scale any improvement in efficiency or productivity must be 
attributed solely to technical change. When, as in this paper, no restrictions on the returns to scale 
parameters are imposed, any change in productivity must be divided between returns to scale (movements 
along the production function) and technical change (shifts in the production function). Thus, negative 
technical change implies that after gains owing to scale are removed there has been a decrease in the 
productivity. Hence, the gross effect on productivity might be positive even though technical change has 
been negative.    
8 An alternative approach, of course, would have been to model these impacts explicitly (e.g., Brännlund 
and Liljas, 1993), but this was not possible due to data limitations. 



� 15 

Data and estimation issues 

This paper utilises pooled annual time-series data across individual Swedish paper (and 

pulp) mills9 over the time period 1974-1994. Four different models are estimated; one 

for each of the paper grades newsprint, tissue, carton and kraft.10 The number of 

observations differs across the paper grades and depends on the number of mills 

producing that paper grade and during which time period. For all four paper-qualities 

the pooled data sets used are unbalanced and the total numbers of observations are 186, 

318, 282, and 606, for tissue, newsprint, carton and kraft, respectively.11 

Some mills are multi-producing facilities, i.e., mills that produce more than one 

type of paper grade. In order to deal with this problem all mills with a production share 

of less than 50 per cent, by weight, of a specific paper grade have been dropped from 

that same paper grade sample. Furthermore, some of the mills included in the study are 

integrated mills, i.e., mills that have integrated pulp making and paper making facilities. 

This may affect the production and cost structure. At the pulping stage pulpwood and 

woodchips are used to produce woodpulp, which is then either sold as market pulp or 

used as an input in the paper mill. Wastepaper is usually turned into pulp directly in the 

paper mill. This heterogeneity in the cost structure was dealt with by introducing mill-

specific dummy variables in the variable cost function. 

 For our purposes the variable cost (VC) of paper production equals the sum spent 

on the following inputs: labour, energy, recycled paper, woodpulp, pulpwood, and 

woodchips. The data needed for the estimation have been obtained directly from 

Statistics Sweden’s annual Industrial Statistics. The raw material prices have been 

derived from the ratio between expenditures and consumed quantities and are measured 

in 1000 SEK/metric ton, except for pulpwood and woodchips for which the 

corresponding units are 1000 SEK/m3. Energy prices and labour wages have been 

derived in a similar way and they are measured in 1000 SEK/MWh and 1000 

SEK/employee, respectively. Production data are measured in thousand metric tons.  

���������������������������������������������������
9 This corresponds to branch code 341XXX according to SNI 69 and branch code 21XXX according to 
SNI 92, where SNI refers to the Swedish industrial classification systems. 
10 This product division is in line with the international classification system, the so-called Harmonised 
Commodity Description and Coding System (HS). 
11 Given an unbalanced panel data set, the general index approach provides an additional advantage 
compared to the standard trend model. ”[W]ith unbalanced data it is not clear whether the trend variable 
for a firm entering in period t (1<t<T) should start from t or be rescaled to start from unity. [This problem 
is] avoided in the [general index] model by estimating one parameter for each time period in A(t),” 
(Tveterås and Heshmati, 1999, p. 7).  
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The capital stock variable was constructed using the perpetual inventory method 

as outlined in equation [11].  

 

[11]      ( ) 11 −−+= ttt zIz δ  

 

where tz  is the capital stock at time t, tI is investment and δ  is the capital 

depreciation rate. The capital stock for the initial year, i.e., the year 1974 or, in those 

cases where the mills came into operation at a later stage, the start-up year, was 

constructed by using a industry-specific aggregate capital stock data obtained from 

Statistics Sweden, weighted by mill-specific production volumes. Unfortunately, 

investment data could only be obtained on the firm-level and not on the mill-level. This 

problem was solved by disaggregating the firm-level investment data by using the 

increases in mill-specific production levels between year t and year t+1 as weights.12 

The depreciation rate is assumed to be constant over time as well as across mills. 

Following Samakovlis (2001) and Hetemäki (1990) we assume that δ  equals 7 percent 

(0.07). Descriptive statistics of the data used for each paper grade can be found in the 

Appendix (Table A1). 

Some mills do not use all of the four raw materials, and the prices for these can in 

our case only be derived conditionally on the realisation of a strictly positive demand 

for that raw material (see above), i.e., the mills must have purchased the raw material. 

This implies that for some observations we have zero cost shares and missing pricing 

observations, and this can cause biased estimates of the parameters (e.g., Bousquet and 

Ivaldi, 1998). With no special account of zero expenditure, standard estimation 

methods, such as the maximum likelihood estimator, may yield inconsistent estimates. 

However, simply deleting observations containing zero expenditure does not cure the 

problem as it instead may lead to a sample selection bias. In addition, it reduces the 

sample size. In this paper we follow the approach suggested by Lee and Pitt (1986, 

1987) (see also Samakovlis, 2001), and replace the missing price observations by price 

averages. 

���������������������������������������������������
12 The rationale behind this procedure is that one would expect that mills, which expand their production 
more rapidly than others, would be more likely to have invested relatively much in the near past. 
Regardless of whether the firms have invested in order to replace worn-out capital or to meet higher 
demand, investments at time period t are likely to result in a higher production level at t+1 than would 
otherwise have been the case.  
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In order to estimate the system of equations given by the Translog cost function in 

equation [5] and N-1 of the factor cost shares in equation [6], and with the parameter 

restrictions in equation [8] as well as the symmetry condition imposed, we have to 

specify the stochastic framework. Error terms, VC
mtε and i

mtε , are added to the VC- and 

share-equations, respectively. Furthermore, the error term of the variable cost function 

is decomposed so that: 

 

[12]       mtm
VC
mt νµε +=  

 

where mµ  is the mill-specific component, and mtν  is the white noise component, which 

varies randomly across mills and over time. The mill-specific errors are interpreted as 

unobserved differences in the cost structure due to, for instance, remaining differences 

in the output mix (although these should not be large given that mills with relatively low 

product shares have been removed from the sample) and differences between integrated 

and non-integrated mills. We assume that these differences are fixed over time for a 

given mill, and we can then eliminate the mill-specific disturbance component by 

introducing dummy variables for each mill. This fixed-effects approach overcomes, 

thus, the bias of the estimation results that can occur in the presence of unobserved mill-

specific effects that are correlated with the regressors (e.g., Baltagi, 1995). The 

disturbance vector for the cost share equations, i
mtε , are assumed to be multivariate 

normally distributed with mean vector zero and constant covariance matrix.  

 Finally, the energy cost share equation is dropped from the estimation to avoid 

singularity in the disturbance covariance matrix. Since the system of equations is 

estimated by the method of maximum likelihood (using the TSP software) the results 

are invariant to the choice of cost share equation dropped (Berndt, 1991). 

 

Empirical results 

The parameter estimates and the corresponding t-statistics for the four different models 

are presented in the Appendix (Table A2). The conventional goodness-of-fit measure, 

R2, ranges between 85 and 99 per cent for the variable cost functions. Before proceeding 

with the analysis of technical change, it is necessary to report the results from the 

standard tests for a well-behaved cost function. First, monotonicity of the cost function 

requires that the fitted input cost shares are positive. Out of the total of 1116 fitted cost 
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shares in the tissue model 90 were negative. The largest share of negative cost shares 

(54 out of a total of 90) was found for woodchips, something that can be explained by 

the relatively low observed cost shares this input factor have for specific years. For 

newsprint production, some 264 out of 1908 fitted cost shares were negative, for carton 

production 277 out of 1692, and for kraft production 206 out of 3636. Second, in order 

to ensure that the cost function is concave in input prices the Hessian was evaluated at 

each observation. The Hessian needs to be negative semi-definite, and this was checked 

by examining the signs of the principal minors at each observation, and the results show 

that in all four models more than 90 per cent of the observations are ‘well behaved’. 

Overall these results cast only some modest amount of doubt on the theoretical 

consistency of the Translog models estimated. 

The estimated measures of economies of scale indicate the existence of scale 

economies for all paper grades. The coefficients of economies of scale were estimated at 

1.88, 1.41, 1.61, and 1.80 for newsprint, tissue, kraft, and carton, respectively. This is in 

line with most previous research, e.g., Stier (1985), Rehn (1995), Wibe (1987) and 

Martinello (1985). The presence of economies of scale has important implications for 

the structure of the pulp and paper industry. If unit costs decline as output increases, 

relatively large plants may be necessary to capture production efficiencies.  

Table 2 outlines the estimates of technical change, measured as the rate of 

downward shifts of the variable cost function over time, and its decomposition into the 

effects due to pure technical change, augmenting technical change, and non-neutral 

technical change. The results indicate that over the period, as a whole, the production of 

all four paper qualities have been associated with cost reductions due to technical 

progress. However, the estimates vary substantially across paper grades.13 In contrast to 

the results presented by Rehn (1995), who report a consistent decline in productivity 

rates over the period 1972-1990, our results suggest that the highest rates of technical 

change generally occurred during the early 1990s while the preceding periods, in 

particular the late 1970s and early 1980s, experienced substantially lower rates. This can 

in part be attributed to four factors. First, after the oil crises and the economic recession 

in the late 1970s the industry as a whole experienced a low level of capacity utilisation 

���������������������������������������������������
13 Although not analysed here, the rate of technical change is also likely to differ among individual mills. 
Factors such as the historical levels of investment (both in R&D and new productive capacity) and the 
geographical location of resources may explain the difference between the innovative performances of 
individual mills. See, however, Cornwell et al. (1990) for a model specification, which permits different 
rates of technical change across firms.  
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on a global scale, with Sweden being no exception. Since capacity utilisation is an 

integrated part of total factor productivity (TFP), a change in TFP is associated, at least 

in part, with a change in the used technology. Second, as a consequence of the 

introduction of new environmental regulations during the same period the share of 

pollution abatement costs in total investment spending rose substantially, crowding out 

other productivity enhancing investments. Third, for the pulp and paper industry the 

R&D expenditures are correlated with the business cycles. Overall, the R&D 

expenditures peaked during the late 1980s. This can in part explain the higher rate of 

technical change that occurred during the early 1990s. Finally, in general, the real 

output prices for various paper grades have shown a tendency to decrease over time, 

hence moving in an opposite direction than the estimated technical change indices 

(Lundmark, 2002). A lower output price would eliminate the high cost, and thus 

ineffective, producers, or at least force them to improve their production processes.  

      

Table 2. Decomposition of technical change for selected time periods 

    Augmenting Non-neutral technical change 
 Period 

•
T  Pure Scale Fixed Waste 

Paper 
Wood 
Pulp 

Pulp 
Wood 

Wood 
Chips 

Labour Energy 

Newsprint 1975-79 0.180 0.222 -0.105 0.018 0.000 0.005 0.017 0.013 0.002 0.008 
 1980-84 0.183 0.201 0.178 -0.254 0.001 -0.009 0.015 0.043 0.006 0.001 
 1985-89 0.218 0.309 0.353 -0.358 0.000 0.063 -0.225 -0.030 0.081 0.024 
 1990-94 3.361 4.795 -1.776 0.267 0.002 0.001 0.140 0.053 -0.118 -0.004 
            

 1975-94 0.985 1.382 -0.338 -0.082 0.001 0.015 -0.013 0.020 -0.007 0.007 

            

Tissue 1975-79 -0.442 -0.562 0.131 0.007 -0.001 0.008 -0.033 0.027 -0.032 0.013 
 1980-84 -0.616 -0.538 -0.066 0.076 -0.001 0.032 -0.166 0.038 0.010 -0.001 
 1985-89 0.006 0.962 -0.257 -0.664 -0.001 0.036 -0.002 -0.011 -0.063 0.007 
 1990-94 2.774 2.357 0.416 -0.007 -0.001 -0.006 0.014 0.032 -0.023 -0.007 
            

 1975-94 0.431 0.555 0.056 -0.147 -0.001 0.017 -0.047 0.021 -0.027 0.003 

            

Kraft 1975-79 -0.378 -0.079 -0.080 -0.189 0.003 0.015 -0.031 -0.007 -0.019 0.008 
 1980-84 0.329 0.529 -0.130 -0.015 0.000 0.005 -0.019 0.014 -0.046 -0.008 
 1985-89 0.455 0.446 0.139 -0.048 0.000 0.033 -0.231 0.024 0.075 0.016 
 1990-94 0.785 0.906 -0.102 -0.022 0.000 -0.002 0.019 0.019 -0.027 -0.004 
            

 1975-94 0.298 0.451 -0.043 -0.069 0.001 0.013 -0.066 0.012 -0.004 0.003 

            

Carton 1975-79 2.584 2.629 -0.578 0.530 0.010 -0.013 0.006 0.009 -0.011 0.003 
 1980-84 2.043 2.081 0.480 -0.512 0.000 0.006 -0.010 0.022 -0.028 0.002 
 1985-89 1.958 1.873 0.620 -0.447 0.000 0.016 0.016 0.009 -0.125 -0.003 
 1990-94 1.879 2.042 -0.295 0.159 -0.002 -0.002 -0.013 0.012 -0.022 0.000 
            

 1975-94 2.116 2.156 0.057 -0.067 0.002 0.002 0.000 0.013 -0.046 0.000 
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The decomposition of technical change shows that, with the exception of kraft, 

pure technical change is the primary component that has directed technical change over 

the entire time period. The estimates of augmenting technical change are somewhat 

ambiguous, and given the relatively close correlation between output and capital stock 

changes, it would be pertinary to draw any definite conclusions about these impacts. 

Still, some observations may be in place. Up until the mid and late 1980s the industry 

underwent some profound structural changes through merges and acquisitions, which 

reduced the number of firms drastically (Zavatta, 1993). The varying estimates of scale-

augmenting technical change can in part be explained by various successes in exploiting 

the synergy effects in the early stages after a merger. For many time periods the results 

suggest the existence of negative values for FTC. A plausible explanation can be the 

low capacity utilisation rates during the 1980s; the FTC measure has its lowest values 

during that period. The pulp and paper industry is characterised by large-scale mills 

with large output capacities, which require considerable output levels for optimal 

utilisation and effective cost reduction. During the late 1980s, the industry largely failed 

to achieve this economic range of output.  

In all four models we find evidence of non-neutral technical change, although 

these effects are not particularly large. First, in line with many previous studies we find 

that technical change has been non-neutral of an energy-using and labour-saving nature. 

It is however noteworthy that the impact of technical change on energy use appears to 

have been no less energy-using directly following the energy crises in the 1970s than 

the corresponding impact in the early 1990s when energy prices were lower. One reason 

for this result may, as suggested above, be that although substantial technical change 

was induced by the energy crises in the 1970s this implied mainly a less reliance on oil 

and other external sources, and an increased focus on self-generation using, for instance, 

biomass.  

Second, the impacts of technical change on raw material use indicate that for 

wastepaper there is a positive impact, i.e., the technical change has been wastepaper 

using, except for tissue. However, overall these impacts are generally small. In addition, 

our results suggest that the largest wastepaper using impacts are found for the 1970s, at 

least for kraft and carton (although these impacts are also relatively small in magnitude). 

The effect on woodpulp use is also positive and more pronounced as well. New 

developments in manufacturing process, such as increasing use of the sulphate pulping 

process relative to the older sulphite and soda processes, have increased the yield per 
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cord of wood. Similarly, increasing use of hardwoods has boosted the yield/input ratio. 

This evidence is consistent with the woodpulp using results reported here even though 

the ratio of woodpulp consumption to paper production declined by 0.3 per cent per 

year during the period 1974-1990. A reason for this decline is, of course, the industry’s 

greater reliance upon secondary fibres, i.e., wastepaper, for which the consumption per 

unit of output increased by almost 7 per cent during the same period. This implies that 

without the technical improvements in the woodpulp using production processes this 

decline in relative woodpulp consumption would have been even bigger.  

The above suggests that during the period under study the increase in wastepaper 

use has primarily been driven by relative price decreases, induced largely by mandatory 

paper collection programs,14 and not by technical progress as such. In Sweden this is 

evident for all paper grades where we have witnessed consistent declines in the relative 

price of wastepaper versus woodpulp. For example, this relative price declined by more 

than 66 per cent in tissue production and by some 42 per cent in kraft production 

between 1974 and 1994. 

 

Concluding remarks 

The overall purpose of this paper has been to estimate and decompose a general index 

of technical change within a flexible cost function model for the Swedish paper and 

pulp industry. The use of a simple time trend to account for technical changes relies on 

a definition of technical change as a smooth, linear process. In most instances this is a 

strong and most certainly an unrealistic assumption. In this paper we have therefore 

instead employed pooled time-series data across individual Swedish paper and pulp 

mills and estimated a general index technical change with the help of time-specific 

dummy variables. This approach permits a more general characterisation of technical 

change. 

Our results confirm that the rates of technical change over the period 1974-1994 

in the four different paper industries have varied considerably over the years, and in 

contrast to earlier research we conclude that the highest rates of technical change have 

generally occurred during the latter part of the period. We also find evidence of non-

neutral technical change. Energy use has been stimulated by technical change while 

���������������������������������������������������
14 The policy-driven increase in Swedish wastepaper collection was initiated in 1975, and in 1994 the 
mandatory producer responsibility legislation was enacted. However, due to data limitations we have not 
been able to study what has happened after 1994. 
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labour use has been discouraged. In addition, overall technical change has also had 

wastepaper and woodpulp using impacts. However, these impacts are relatively small 

and technical change does not appear to represent the major explanation for the increase 

in wastepaper use during the period. Instead, decreases in the price of wastepaper, 

spurred by government-sponsored collection programs, are more likely to have had the 

largest impact. During the entire 20th century wastepaper has been an important input in 

the pulp and paper industry and the technologies used have thus been well adapted to 

use wastepaper. The recent policy measures aimed at recovering used board and paper 

products have primarily led to lower relative prices of wastepaper, and the industry has 

had few problems in increasing the demand for these abundant supplies (especially in 

the case of those wastepaper intensive considered in this paper). However, the policy 

drive for increased recycling appears not to have changed fundamentally the underlying 

production technology of the industry. 
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Table A1. Descriptive statistics  
  TISSUE 
Variable Definition Mean Std. Dev. Minimum Maximum Skewness Kurtosis 
VC Variable Costs 91207 335276 860 335276 1.00 0.75 
SRP Recycled Paper Share 0.07 0.34 0.00 0.34 1.31 0.65 
SPW Woodpulp Share 0.39 0.82 0.00 0.82 -0.33 -1.39 
SWP Pulpwood Share 0.06 0.48 0.00 0.48 2.18 3.12 
SCH Woodchips Share 0.01 0.27 0.00 0.27 4.38 18.46 
SWA Wage Share 0.38 0.69 0.17 0.69 0.66 -0.51 
SEN Energy Share 0.09 0.20 0.01 0.20 0.36 -0.65 
RP Price Recycled Paper 1.40 4.37 0.44 4.37 1.19 1.54 
PW Price Woodpulp 3.97 8.25 1.67 8.25 0.27 3.84 
WP Price Pulpwood 404 781 218 781 0.63 -0.91 
CH Price Woodchips 219 407 71 407 0.51 -1.27 
WA Labour Wage 144 245 83 245 0.93 0.97 
EN Price Energy 0.29 0.71 0.16 0.71 1.32 5.53 
Y Carton Production 21814 72124 325 72124 1.10 0.90 
Z Capital Stock 121374 111424 3377 594695 1.51 2.41 
Cases 186       

 
 
 NEWSPRINT     
Variable Definition Mean Std. Dev. Minimum Maximum Skewness Kurtosis 
VC Variable Costs 300103 1265450 496 1265450 0.89 -0.89 
SRP Recycled Paper Share 0.04 0.35 0.00 0.35 2.78 11.85 
SPW Woodpulp Share 0.06 0.71 0.00 0.71 2.89 8.95 
SWP Pulpwood Share 0.15 0.66 0.00 0.66 0.79 -1.12 
SCH Woodchips Share 0.02 0.35 0.00 0.35 4.30 19.13 
SWA Wage Share 0.63 0.99 0.09 0.99 -0.36 -1.80 
SEN Energy Share 0.11 0.38 0.01 0.38 0.84 -0.71 
RP Price Recycled Paper 1.09 5.22 0.06 5.22 1.61 4.66 
PW Price Woodpulp 3.91 6.49 0.90 6.49 0.05 -1.15 
WP Price Pulpwood 559 910 339 910 0.53 -0.98 
CH Price Woodchips 272 488 70 488 0.17 -1.38 
WA Labour Wage 147 237 83 237 0.46 1.14 
EN Price Energy 0.36 1.02 0.14 1.02 0.45 -0.07 
Y Carton Production 134007 713079 95 713079 1.11 -0.30 
Z Capital Stock 833700 1350992 531 6406070 1.98 3.51 
Cases 318       
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Table A1. Continued  
  KRAFT      
Variable Definition Mean Std. Dev. Minimum Maximum Skewness Kurtosis 
VC Variable Costs 305645 1583916 1682 1583916 1.58 1.68 
SRP Recycled Paper Share 0.07 0.61 0.00 0.61 2.06 4.09 
SPW Woodpulp Share 0.26 0.90 0.00 0.90 0.65 -0.99 
SWP Pulpwood Share 0.11 0.73 0.00 0.73 1.48 1.39 
SCH Woodchips Share 0.07 0.39 0.00 0.39 1.19 0.05 
SWA Wage Share 0.39 0.97 0.05 0.97 0.92 -0.53 
SEN Energy Share 0.09 0.49 0.01 0.49 2.14 8.33 
RP Price Recycled Paper 1.21 5.32 0.40 5.32 2.12 8.85 
PW Price Woodpulp 3.77 7.08 1.87 7.08 0.52 -0.05 
WP Price Pulpwood 479 907 212 907 0.99 -0.15 
CH Price Woodchips 189 433 16 433 0.89 -0.25 
WA Labour Wage 155 366 27 366 0.67 6.27 
EN Price Energy 0.29 0.77 0.09 0.77 1.09 1.52 
Y Carton Production 97275 610608 982 610608 1.61 1.71 
Z Capital Stock 620710 1231417 784 14110655 6.73 62 
Cases 606       

 

 CARTON     
Variable Definition Mean Std. Dev. Minimum Maximum Skewness Kurtosis 
VC Variable Costs 33905 248821 474 248821 2.21 4.97 
SRP Recycled Paper Share 0.07 0.45 0.00 0.45 2.44 6.43 
SPW Woodpulp Share 0.05 0.62 0.00 0.62 2.94 7.07 
SWP Pulpwood Share 0.01 0.19 0.00 0.19 4.06 15.29 
SCH Woodchips Share 0.00 0.14 0.00 0.14 8.35 68.74 
SWA Wage Share 0.81 0.97 0.14 0.97 -2.02 2.60 
SEN Energy Share 0.06 0.20 0.01 0.20 1.93 4.70 
RP Price Recycled Paper 0.92 3.03 0.01 3.03 0.94 1.69 
PW Price Woodpulp 3.06 6.70 1.11 6.70 1.00 -0.26 
WP Price Pulpwood 375 821 230 821 1.12 -0.04 
CH Price Woodchips 149 325 91 325 1.13 -0.11 
WA Labour Wage 150 229 37 229 0.15 1.74 
EN Price Energy 0.39 0.71 0.19 0.71 0.67 0.52 
Y Carton Production 15806 68389 95 68389 1.59 3.05 
Z Capital Stock 100681 118876 809 1297196 4.62 37 
Cases 282       
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Table A2. Parameter estimates for the different paper grades 
 KRAFT  NEWSPRINT  CARTON  TISSUE 

Parameter Estimate t-stat  Estimate t-stat Estimate t-stat Estimate t-stat

rp 20DV   20DV   20DV  20DV 

wp 20DV   20DV   20DV  20DV 

pw 20DV   20DV   20DV  20DV 

ch 20DV   20DV   20DV  20DV 

wa 20DV   20DV   20DV  20DV 

en 20DV   20DV   20DV  20DV 

y��� z 20DV   20DV   20DV  20DV 

 20DV   20DV   20DV  20DV 

 60DV   33DV   36DV  15DV 

pwwa -0.044 -2.777  0.084 2.387 -0.021 -3.197 0.011 0.437

wpwa -0.071 -3.483  0.007 0.255 -0.031 -2.309 -0.032 -1.251

chwa 0.029 2.394  0.088 6.636 0.032 8.309 0.052 3.179

wawa 0.004 0.143  -0.174 -3.362 0.032 1.625 -0.021 -0.609

rpwa 0.036 2.648  -0.066 -7.214 -0.011 -1.568 -0.039 -2.389

pwch 0.041 3.817  0.058 4.626 0.063 9.563 0.079 5.387

wpch 0.002 0.198  -0.018 -1.716 -0.006 -1.703 0.002 0.114

chch -0.060 -5.622  -0.101 -12.097 -0.088 -12.862 -0.127 -5.575

rpch 0.023 2.836  0.007 2.223 0.001 1.282 0.003 0.354

pwwp -0.011 -0.706  0.120 4.457 0.011 1.753 -0.289 -11.543

wpwp 0.117 4.261  -0.151 -5.369 0.010 0.744 0.334 8.986

rpwp -0.062 -4.712  0.011 1.602 0.002 0.381 0.013 0.730

pwpw 0.031 1.681  -0.241 -6.231 -0.058 -5.438 0.141 4.528

rppw 0.034 3.151  0.010 1.409 -0.001 -0.459 0.057 3.246

rprp -0.028 -2.239  0.026 8.176 0.011 1.730 -0.052 -3.267

pwz -0.001 -0.254  -0.004 -0.298 -0.021 -4.395 0.001 0.152

wpz 0.108 8.693  0.022 1.545 -0.053 -2.700 0.027 1.583

chz -0.011 -2.730  0.007 1.136 0.001 0.716 0.005 1.348

waz -0.065 -6.048  -0.017 -0.777 0.046 1.785 -0.026 -2.950

rpz -0.023 -4.368  -0.016 -3.114 0.030 2.530 0.002 0.309

pwy 0.054 8.558  0.056 3.659 0.030 6.122 0.038 3.178

wpy -0.116 -8.488  0.013 0.875 0.099 5.059 -0.087 -4.090

chy 0.049 10.789  -0.012 -2.127 -0.001 -0.620 -0.006 -1.395

way -0.021 -1.758  -0.078 -3.471 -0.140 -5.503 0.033 2.945

rpy 0.018 3.131  0.016 3.026 0.003 0.245 0.012 1.432

yz -0.022 -2.090  -0.137 -3.264 -0.141 -2.036 -0.167 -4.366

yy -0.117 -4.717  0.125 2.681 0.170 2.022 0.322 3.815

zz 0.016 1.642  0.141 3.634 0.061 0.971 -0.125 -2.807

eny 0.015 5.272  0.005 0.849 0.009 1.793 0.010 3.153

enz -0.008 -2.952  0.009 1.422 -0.003 -0.559 -0.009 -3.415

rpen -0.003 -0.601  0.011 3.473 -0.002 -1.036 0.018 3.653

pwen -0.051 -6.891  -0.032 -2.332 0.006 1.213 0.000 -0.002

wpen 0.025 3.225  0.032 3.005 0.014 2.128 -0.027 -3.525

chen -0.036 -5.582  -0.034 -5.714 -0.002 -0.567 -0.009 -0.970

waen 0.046 4.851  0.060 3.969 0.000 -0.038 0.028 3.363

enen 0.019 2.705  -0.038 -4.327 -0.015 -2.308 -0.010 -1.423

Log-H (R2) 3136 (94.8)  2622 (99.8) 3166 (88.7) 1479 (85.1)

NOTE: Recycled Paper (rp), Woodpulp (wp), Pulpwood (pw), Woodchips (ch), Labour (wa), Energy (en). 
DV indicates the use of separate dummy intercept variables for each mill and year. Estimates are 
available upon request from the authors.  
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Introduction 

The economic significance of technical change has been the subject of extensive 

research, in part due to the widely acknowledged role technical change has played in 

stimulating economic growth (e.g., Solow, 1957). Even so, the process of technical 

change is complex and still poorly understood. In the past, economists have examined 

the magnitude and the impacts of technical change by using mainly two different 

approaches; the index number approach and the econometric approach (Baltagi and 

Griffin, 1988). Another important aspect of technical change is also its rationale, or 

more precisely, the determinants of the development of technical change over time. The 

purpose of this paper is twofold. First, we estimate the rate of technical change in 

Swedish newsprint production using three different approaches, which include one 

index and one econometric approach as well as one that combines the two. Second, on 

the basis of the obtained technical change indices, we analyse the most important 

determinants of technical change in the Swedish newsprint industry. 

In 1994, total paper and board production in Sweden exceeded 9.2 million metric 

tons out of which 2.4 million metric tons, or 26 per cent, were newsprint production 

(FAO, 2002). This ranks newsprint as one of the most significant paper grades produced 

in Sweden. Newsprint production is characterised by substantial flexibility regarding the 

use of raw material. Both woodpulp and wastepaper can be used as the single raw 

material, as well as any combination of the two. Hence, when studying the newsprint 

industry, wastepaper as a raw material needs to be included, something which in turn 

enriches the analysis and permits a comprehensive analysis regarding the rationale for 

technical change. 

Only a limited amount of research has been conducted on technical change in 

different segments of the pulp and paper industry, in general, and on the Swedish 

equivalents, in particular. Of the studies focusing on technical change in the North 

American pulp and paper industry, five are of special interest here. Four of these are 

quite comparable: Sherif (1983); Rao and Preston (1984); Martinello (1985); and Stier 

(1985). They cover a similar time period and all employ a Translog total cost model. 

Bernstein (1989), on the other hand, uses a variable cost function for the Canadian pulp 

and paper industry. His model incorporates three variable factor inputs, a quasi-fixed 

capital input and three outputs. For Sweden, Wibe (1987) analyses technological 

progress and scale economics in the pulp industry, while Rehn (1995) focuses on at the 

production technology in the printing paper industry. Finally, Samakovlis (2001) 
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develops a Translog cost model, which allows for some dynamics and differentiated 

input choices and applies this to the Swedish paper industry. 

Perhaps the most severe theoretical limitation of all these studies is their use of a 

simple time trend as a proxy for technical knowledge. There is little reason to believe 

that technical change occurs in a smooth orderly manner. On the contrary, the literature 

on the diffusion of technology and technological forecasting suggests that technical 

change often occurs in spurts (e.g., Stier and Bengston, 1992). 

The model employed in this paper is a variable Translog cost function and we 

follow Bernstein (1989) by including a quasi-fixed capital input. From this model three 

different indices of technical change are derived, estimated and compared. 

Microeconomic concepts of technical change are best addressed within a comprehensive 

and disaggregated analysis of the production technology. This kind of analysis of the 

Swedish pulp and paper industry has been given little previous attention among 

scholars. 

The paper proceeds with a definition of technical change and a theoretical 

discussion of how technical change can be assessed within a general production 

function framework. The following section presents the Translog cost model from 

which three different approaches for estimating technical change are derived. Results 

are then compared for the different approaches followed by an analysis of the 

determinants of technical change and their relative contributions. The paper ends with 

some concluding remarks. 

 

Defining and measuring technical change: a theoretical discussion 

Technical change and resource scarcity are strongly linked and this special relationship 

has been the subject of much scrutiny. Technical progress is defined as a change in the 

production process that makes it possible to decrease the amount of inputs needed to 

produce a certain amount of output (or increase the output without increasing the input 

needed). Thus, in this way technical progress helps in reducing the problems associated 

with resource scarcity. But the causal relationship goes in both directions. As first 

suggested by Hicks (1932), the feedback effects of resource scarcity on technical 

change have been expressed in terms of induced innovations and where the induced 

innovation hypothesis states that relative resource scarcity tends to guide the process of 

technical change. The induced innovation hypothesis is typically formulated in terms of 

the bias in technical change. Roughly stated, technical change is said to be biased 
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toward a particular production factor – or factor using – if it stimulates the relative use 

of this factor. Conversely, technical change is biased against a particular production 

factor – or factor saving – if it reduces the use of this factor relative to other factors. In 

this context, the induced innovation hypothesis predicts that technical change will be 

biased against a particular factor, i.e., factor saving, when this factor’s relative scarcity, 

e.g., its relative price, increases. Conversely, technical change will be biased in favour 

of a given factor, i.e., factor using, when its relative price declines. Previous empirical 

tests of the induced innovation hypothesis are however ambiguous. Binswanger (1974) 

and Hayami and Ruttan (1985) present evidence that supports the hypothesis, while 

Olmstead and Rhode (1993) reject it. This research has typically measured the bias in 

technical change and compared its direction with changes in relative prices. 

In the pulp and paper industry new technology has permitted large-scale 

substitution of recycled paper for virgin fibres (Zavatta, 1993). This development has, to 

some extent, resulted in a shift of productive capacity of paper from the traditional 

sources of pulp supply in peripheral areas – virgin forests and plantations – to core areas 

of demand close to large urban concentrations which are the main sources of recycled 

paper (Lundmark, 2001; Lundmark and Nilsson, 2001). 

Following earlier studies, we assume that a representative newsprint mill operates 

according to the following general production function: 

 

[1]     ( )( )tAfy mtmtmt ,,zx=  

 

where ymt is the level of newsprint output produced by mill m in time-period t, xmt is a 

vector of (variable) input quantities, zmt is a vector of quasi-fixed input quantities. A(t) is 

an index of technical change. The production function in equation [1] is assumed to be 

twice continuously differentiable, as well as increasing and concave in x. It describes 

the maximal amount of newsprint that can be produced during a certain time period 

given different quantities of inputs – both quasi-fixed and variable – and different levels 

of technological knowledge. 

Since the particular functional form of the production function is unknown, and a 

direct estimation of equation [1] would implicitly assume that the variable input 

quantities are exogenous and independently chosen, its dual representation, a cost 

function is often used to infer the underlying technical structure (Varian, 1992). This 
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approach assumes that input prices are exogenous to the producers. For our purposes the 

dual variable cost function for a representative mill can generally be defined as: 

 

[2]   ( )( ) ( )( ){ }tAyVtAyVC mtmtmtmtmt ,,:min,,,
0

zxxpzp
x

∈≡
≥

 

 

where pmt is a vector of strictly positive input prices (for the variable inputs), pmtxmt is 

the inner product and V(y) is the input requirement set, i.e., all input combinations 

capable of producing output level y. In other words, the cost function represents the 

minimum cost of producing a specific output level during a given time period given 

certain input prices, as well as different levels of quasi-fixed inputs, output and 

technological knowledge.1 

Economic studies of technical change can broadly be divided into: (a) the 

econometric approach; and (b) the index number approach.2 There are information 

advantages of explicitly estimating production parameters using the econometric 

approach. The parameters of greatest interests are usually those that include the nature 

and extent of factor relationships as measured by: (a) the elasticities of factor 

substitution; (b) economies of scale; and (c) the extent and bias of technical change. The 

development of flexible functions, such as the Translog (Christensen et al., 1971), the 

generalized Leontief (Diewert, 1971) and the generalized Box-Cox (Berndt and Khaled, 

1979) permits empirical testing of the nature of the effects of factor substitution, returns 

to scale and technical change. However, unless the technical change measure used is 

specified properly the estimation may result in biased price elasticities and returns to 

scale measures. This is likely to be an issue of concern in many applied econometric 

studies that introduce a standard time trend representing technical change. The standard 

time trend approach is restrictive in the sense that it assumes that technical change 

occurs at a constant rate, in this way “producing a smooth, slowly changing 

characterization of the pace of technical change,” (Baltagi and Griffin, 1988). 

In the index number approach the indices used are mostly based on measures of 

total factor productivity (TFP), which in turn are defined as the ratio of an index of 

outputs to an index of aggregate inputs and differ mainly in how the individual outputs 

                                                 
1 In order, to ascertain the existence of a cost function we also need to assume that the input requirement 
set is non-empty and closed (Chambers, 1994). 
2 For a more detailed review of these two approaches including an application to the pulp and paper 
industry, see Stier and Bengston (1992). 
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and inputs are weighted in constructing the aggregate measure of productivity. The 

index number approach is fairly straightforward, and it does not suffer from the 

limitations on degrees of freedom as the econometric approach does. Among the 

drawbacks, however, is that the index approach often builds on restrictive assumptions 

regarding the underlying production technology. For instance, if the technology exhibits 

increasing or decreasing returns to scale it is not possible to separate technical change 

effects from scale effects without resorting to further analysis based on econometric 

techniques. In addition, the index approach does not provide any information regarding 

other parameters of interest, such as the elasticities of factor substitution and scale 

effects. The index of technical change is simply assumed to be an aggregate of the 

impacts of all factors. 

A third approach towards measuring technical change employs a hybrid method 

that builds on both the econometric and the index approaches. Baltagi and Griffin 

(1988) develop such a method and employs a general index of technical change using 

panel data and time-specific dummy variables within a flexible cost function. This 

approach permits the estimation of the parameters of the underlying production 

technology as well as of a technical change index that may be both scale augmenting 

and non-neutral. 

 

Model specifications 

For any given cost function, the functional form of the underlying production function 

is often unknown, and so is thus the functional form of the cost function itself. To put as 

few restrictions on the unknown cost function as possible a transcendental logarithmic 

(Translog) approximation of the cost function is used. This function is obtained by a 

second-order Taylor expansion of the logarithm of an arbitrary cost function 

(Christensen et al., 1971; 1973).3 The translog form of the cost function in equation [2] 

is given by: 

 

                                                 
3 While the development of flexible functional forms has facilitated a more complex representation of 
production technologies, such forms do not guarantee meaningful results. The translog functional form, 
for example, can yield unrestricted estimates of substitution elasticities, but at the cost of possibly 
violating global regularity conditions on the concavity of a production function (or the convexity of a cost 
function). A comparison of the properties of the most common flexible functional forms and their 
implications for the estimation of parameters of the production technology can be found in Fuss and 
McFadden (1978). 
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where the subscript m=1,…,M  indexes the individual mills. Dm is a mill-specific 

dummy variable, VCm is the total variable cost, which is a function of N variable input 

prices (pi, i=1,…,N); the level of output (y); the quasi-fixed input (z) (i.e., capital); and 

technical change (A(t)). 

From this variable cost function, three different methodological approaches 

towards estimating technical change will be derived. First the Tornqvist index of 

technical change is derived followed by two econometrically specified variable cost 

functions where the main difference lies in the assumption regarding the empirical 

specification of technical change, A(t). 

 

The Tornqvist index 

When using the Tornqvist index it is not necessary to estimate the translog function 

econometrically. The Tornqvist index provides a convenient mechanism for computing 

technical change, avoiding any necessity to estimate the parameters of the underlying 

production technology. 

Following Diewert (1976), in the case of a translog cost function, it can be shown 

that the percentage change in variable costs between time period t and t* depends on: (a) 

the cost shares, which are derived through Shephard’s lemma guaranteeing cost 

minimising behaviour; (b) the elasticity of scale; (c) the logarithmic version of the 

shadow value of capital; and (d) the technical change so that: 
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The left hand side of equation [4] as well as the first three terms on the right hand side 

are often observable, or, based on previous research, relatively easy to implement 

empirically. The variable cost (VC) and the cost shares ( ii SpVC =∂∂ lnln ) are 

observable while the elasticity of scale ( yyVC ε=∂∂ lnln ) and the shadow price of 

capital ( zpzVC ~lnln =∂∂ ) need further assumptions. However, given that reasonable 

assumptions can be made, technical change ( Φ=∂∂ tVCln ) can be derived as the 

residual. If the time units are set arbitrary so that t=1 and t*=0, equation [4] can be 

rewritten as: 
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Taking the antilog of equation [5] and solving for technical change yields: 
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The right hand side of equation [6] can loosely be interpreted as a measure of the ratio 

of the average product of an aggregate input calculated at two different time periods 

(Chambers, 1994). Thus, equation [6] measures the average rate of technical change 

between two time periods. 

In order to compute the Tornqvist index of technical change in equation [6] it is 

necessary to make some assumptions regarding the two unknown variables involved, 

[4] 
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i.e., the elasticity of scale and the shadow price of capital. Lundmark and Söderholm 

(2002) estimate the elasticity of scale for the Swedish newsprint industry to 0.88. 

Hence, based on Lundmark and Söderholm it is assumed, for the purpose of this paper, 

that the elasticity of scale is 0.88 indicating that a one per cent increase in output 

increases the variable costs by 0.88 per cent. 

No previous study has estimated the shadow price of capital for the Swedish paper 

industry. For the Canadian pulp and paper industry (SIC 271), however, Mohen et al. 

(1996) estimate the shadow price of capital to 0.206. This estimate is used in this paper. 

 

Standard time trend model 

In the standard time trend model it is assumed that a time trend can be used as a proxy 

for technical change. Hence, the term A(t) in equation [3] is replaced with a simple time 

trend for which t=1,…,T  so that: 
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By logarithmically differentiating equation [7] with respect to input prices and 

employing Shephard’s lemma, the corresponding cost share equations (for i=1,…,N) 

can be derived, 
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Given the estimation of the parameters in equations [7] and [8], it is possible to derive 

the rate of technical change, , as the time derivative of the cost function, so that: 
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which in turn can be decomposed into pure ( t+ ttt), non-neutral, scale and capital-

augmenting technical change, respectively. Moreover, the symmetry restriction, βij=βji, 

is imposed on the model, and to ensure that the cost shares add up to one (1) and that 

the cost function is linearly homogenous in input prices, the following parameter 

restrictions are also imposed, 
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As was noted above, this is the most widely employed approach to measuring technical 

change in previous research. Although simple to use, the standard time trend approach 

has several drawbacks. The linear time trend assumes implicitly that technical change 

occurs in a smooth manner over time, while empirical evidence suggests that technical 

change often occurs in spurts (e.g., Sahal, 1981; Martino, 1983). Moreover, the time 

trend is often highly correlated with the output and price variables. Thus, the use of a 

standard time trend can contribute to a misspecification of the changes in the state of 

technology as well as introduce statistical problems in the model, something which in 

turn forces the researcher to make simplifications based on a priori assumptions on the 

model structure. These shortcomings are often recognised but seldom corrected for. The 

general index model represents one attempt to remedy some of these problems. 

 

General index model 

In order to increase the probability of obtaining meaningful results from the 

econometric approach several strategies might be considered. The state of technology 

could be represented in a way that more accurately reflects both the actual productive 

capability as well as the rate at which this capability changes over time. An example of 

a technical variable that might be used would be the rate of throughput of newsprint, 

i.e., the speed of the paper machine multiplied with its width. Although a good proxy 

for technical change, it would be hard, if not impossible, to obtain a sufficiently large 

dataset using this variable. Another approach could be to explicitly account for the 

vintage of the capital stock. However, due to data availability reasons this approach was 

also abandoned. The strategy adopted here is instead based upon Baltagi and Griffin’s 

(1988) seminal work. By relying on panel data their model explicitly incorporates 
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technical change without resorting to a time trend. By instead introducing time specific 

dummy variables to the model and rearranging equation [3], it becomes possible to 

express the variable Translog cost function as: 
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where Dt denote time-specific dummies (t=1,…,T). The corresponding cost share 

equations, in this case, are: 
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Given that the following equalities holds: 
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the rate of technical change can be expressed as: 
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where the terms on the right hand side of equation [14] are, respectively, pure, non-

neutral, scale and capital-augmenting technical change. Setting the first year in A(t) as 
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the base, i.e., A(1)=0, permits the derivation of the parameters α0, αi, αy, λm as well as 

of the index A(t). Similar parameter restrictions as those in the standard time trend 

model are imposed on this model. The general index model provides richer information 

regarding the rate of technical change by not restricting technical change to follow a 

smooth path over time. 

 

Data and model estimation issues 

This paper utilises unbalanced, pooled annual time-series data across individual 

Swedish newsprint producing paper mills over the time period 1974-1994.4 Two 

different econometric models are estimated; one in which the standard time trend is 

used as a proxy for technical change and one in which time specific dummy variables 

are used. The results from the estimations are then compared with each other and with 

the Tornqvist index. In total the estimation build on 318 observations divided between 

34 newsprint producing paper mills. 

In order to deal with multi-producing facilities, i.e., mills that produce more than 

one type of paper grade, all mills with a production share of newsprint of less than 50 

per cent, by weight, have been dropped from the sample. Consequently, the capital 

stock and the average total costs variables are modified, assuming that the capital stock 

and the average variable costs are evenly divided between the produced paper grades, 

by multiplying both variables with the newsprint production share. Furthermore, some 

of the mills included in the study are integrated mills, i.e., mills that have integrated 

pulp making and paper making facilities. This will have an affect on the choice of raw 

material used. Pulpwood and woodchips are made into woodpulp in the pulp mill and 

then sold as market pulp or used directly as an input in the integrated paper mill. 

Wastepaper is usually turned into pulp directly in the paper mill. This has been dealt 

with by introducing mill-specific dummy variables in the variable Translog cost 

function (see equation [7] and [11]). 

 For our purposes the variable cost (VC) of newsprint production equals the sum 

spent on the following inputs: labour, energy, recycled paper, wood pulp, pulpwood, 

and woodchips. The data needed for the estimation have been obtained from Statistics 

Sweden’s annual Industrial Statistics. The raw material prices have been derived from 

the ratio between expenditures and consumed quantities and are measured in 1,000 

                                                 
4  This corresponds to branch code 341121 according to SNI 69 and branch code 21.121 according to SNI 

92. The data used also follows Statistics Sweden’s HS nomenclature. 
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SEK/metric ton, except for pulpwood and wood chips for which the corresponding units 

are 1,000 SEK/m3. Energy prices and labour wages have been derived in a similar way 

and they are measured in 1,000 SEK/MWh and 1,000 SEK/employee, respectively. 

Production data are measured in thousands of metric tons. Descriptive statistics of the 

data used can be found in Table 1.  

 

Table 1. Descriptive statistics for Newsprint 

Variable Definition Mean Std. Dev. Min Max Skewness Kurtosis 
VC Variable Costs 300103 1265450 496 1265450 0.89 -0.89 
SRP Recycled Paper Share 0.04 0.35 0.00 0.35 2.78 11.85 
SPW Woodpulp Share 0.06 0.71 0.00 0.71 2.89 8.95 
SWP Pulpwood Share 0.15 0.66 0.00 0.66 0.79 -1.12 
SCH Woodchips Share 0.02 0.35 0.00 0.35 4.30 19.13 
SWA Wage Share 0.63 0.99 0.09 0.99 -0.36 -1.80 
SEN Energy Share 0.11 0.38 0.01 0.38 0.84 -0.71 
RP Price Recycled Paper 1.09 5.22 0.06 5.22 1.61 4.66 
PW Price Woodpulp 3.91 6.49 0.90 6.49 0.05 -1.15 
WP Price Pulpwood 559 910 339 910 0.53 -0.98 
CH Price Woodchips 272 488 70 488 0.17 -1.38 
WA Labour Wage 147 237 83 237 0.46 1.14 
EN Price Energy 0.36 1.02 0.14 1.02 0.45 -0.07 
Y Newsprint Production 134007 713079 95 713079 1.11 -0.30 
Z Capital Stock 833700 1350992 531 6406070 1.98 3.51 
Cases 318       

 

Capital is treated as a quasi-fixed variable. This is a plausible assumption for 

heavy industries, such as the pulp and paper industry, where capacities are planned and 

build on long-term forecasts, which easily can be inaccurate. In addition, excess 

capacity is also maintained to meet sudden increases in demand. This implies that the 

capital stock is quasi-fixed and that the firms are not necessarily producing in long-run 

equilibrium. Under such circumstances a variable (short-run) cost function is more 

suitable. The capital stock variable was constructed using the perpetual inventory 

method as outlined in equation [15]. The capital stock for the initial year, i.e., the year 

1974 or, in those cases where the mills came into operation at a later stage, the start-up 

year, were constructed by using a industry-specific aggregate capital stock data obtained 

from Statistics Sweden, weighted by mill-specific production volumes. Unfortunately, 

investment data could only be obtained on firm-level, not on mill-level, which is 

necessary to avoid multiple counting of the investments (since a firm might own many 

mills). This problem was solved by disaggregating the investment data by using the 
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increases in mill-specific production levels between year t and year t+1 as weights.5 

The capital stock can then be expressed as: 

 

[15]      ( ) 11 −−+= ttt zIz δ  

 

where It is investment and  is the capital depreciation rate. The depreciation rate is 

assumed to be constant over time as well as across mills. Following Samakovlis (2001) 

and Hetemäki (1990), we assume that  equals 7 percent (0.07).  

Some mills do not use all of the four raw materials, and the prices for these can 

only be derived conditionally on the realisation of a strictly positive demand for that 

raw material, i.e., the mills must have purchased the raw material. This implies that for 

some observations we have zero cost shares and missing pricing observations, and this 

can cause biased estimates of the parameters (e.g., Bousquet and Ivaldi, 1998). With no 

special account of zero expenditures, standard estimation methods, such as the 

maximum likelihood estimator, may yield inconsistent estimates. However, simply 

deleting observations containing zero expenditure does not cure the problem as it 

instead may lead to a sample selection bias. In addition, it reduces the sample size. In 

this paper we follow the approach suggested by Lee and Pitt (1986, 1987) (see also 

Samakovlis, 2001), and replace the missing price observations by price averages. 

 The system of cost shares in equations [8] and [12] and the variable cost function 

in equations [7] and [11] provide the basis for the seemingly unrelated regression 

models. The energy cost share equation is dropped to avoid singularity in the 

disturbance covariance matrix. Since the system of equations is estimated by the method 

of maximum likelihood (using the TSP software) the results are invariant to the choice 

of cost share equation dropped (Berndt, 1991). 

 

Empirical results 

The estimations of the pure technical change for the three different approaches are 

presented in Table 2. The parameter estimates for the general index and standard time 

trend models are presented in Tables A1 and A2, respectively, in the Appendix. All 

                                                 
5 The rationale behind this procedure is that one would expect that firms, which expand their production 
more rapidly than others, would be more likely to have invested relatively much in the near past. 
Regardless of whether the firms have invested in order to replace worn-out capital or to meet higher 
demand, investments at time period t are likely to result in a higher production level at t+1 than would 
otherwise have been the case.  
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three indices exhibit a positive mean value for technical change over the period 1975 to 

1994, with the standard time trend predicting the lowest technical progress followed by 

the Tornqvist index and the general index. The results indicate that, on average, the cost 

reductions caused by technical change were 0.74, 1.05 and 1.38 per cent when using the 

standard time trend, the Tornqvist index and the general index, respectively. Another 

striking feature evident in the estimated technical change indices is the considerable 

increase that occurs during the last period. Especially, the general index exhibits an 

increase of several magnitudes. 

 

Table 2. Pure technical change indices 

Period Tornqvist 
Index 

Standard 
Time trend 

General 
Index 

1975-79 0.2933 0.7394 0.2218 
1980-84 0.4729 0.7403 0.2011 
1985-89 0.8905 0.7411 0.3092 
1990-94 2.5299 0.7420 4.7954 
Mean 1.0466 0.7407 1.3819 

 

Due to some uncertainty regarding the magnitude of the assumed scale elasticity 

and shadow price of capital when computing the Tornqvist index, a simple sensitivity 

analysis is conducted. Table 3 reports the percentage change in the mean value and 

variance of the Tornqvist index following a 10 per cent change in both the scale 

elasticity and the shadow price.  

 

Table 3. Sensitivity analysis of Tornqvist index 

Change in Elasticity of Scale 
+10% 

Shadow Price of Capital  
+10% 

Mean -0.06 -0.07 
Variance 0.21 0.26 

 

The sensitivity analysis suggests that a 10 per cent increase in the scale elasticity would 

increase the mean value of the Tornqvist index for technical change by 0.06 per cent. A 

similar increase in the shadow price of capital would cause a change by 0.07 per cent. 

This indicates a fairly robust computation of the Tornqvist index. 

The variations in the three different indices are also of interest. The estimated 

standard time trend model has a relatively small variance of 10e-6 followed by the 

Tornqvist index with a variance of 1.54. The general index, however, has the largest 

variance of 4.85, something, which provides a good basis for additional econometrical 
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analyses regarding the rationale for technical change. 6 From Table 2, it is apparent that 

the three measures give different estimates of technical change. The rationale for the 

variation in the technical change indices is, however, still concealed. For this reason, a 

simple econometric analysis is performed to analyse the determinants of technical 

change. We hypothesise that there are four main determinants of technical change in the 

newsprint industry.  

First, since the late 1960 the growing public concerns about environmental issues 

have induced governments in industrialised countries to introduce a number of 

protective measures affecting business activities. In the case of the pulp and paper 

industry environmental regulations have traditionally focused on two main areas: the 

treatment of wastewaters and emissions and the recycling of paper products. It is widely 

recognised that tightened environmental regulations tend to increase the costs facing the 

affected firms, which, in turn, reduce their competitiveness. The reduction in 

competitiveness, due to tightened environmental regulations, is accredited to two 

separate causes: (a) investment crowding-out effects; and (b) decreased productivity due 

to reduced flexibility in the production. Hence, here it is hypothesised that an increase 

in the regulation intensity regarding emission levels will shift the variable cost function 

upwards (e.g., Brännlund and Liljas, 1993; Söderholm, 2000). In this paper we focus on 

SO2 emission regulations.7 Gollop and Roberts (1983) employ a measure of regulatory 

intensity, which acknowledges that the level of legal enforcement can vary and that the 

mills may be emitting below the emission standard even though they are constrained by 

it. In reduced form, this regulatory intensity variable, R, can be written as: 
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6 The following formula was used in computing the variances of the technical change indices: 
 

 ( )
( )1

22

−
Φ−Φ∑ ∑

nn

n  

 
where  is the respective technical change index and n is the number of observations (Greene, 1997). 
7 The emission regulations facing the Swedish pulp and paper industry are also limitations on 
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Suspended Solids (SS) and 
Chlorinated Compounds (AOX). The regulations applying to BOD COD and SS are formulated as a 
maximum allowed discharge calculated as tons/day (year average). The limit for AOX as calculated as 
maximum permitted kg per ton produced. However, due to data availability reasons only SO2 emission 
regulations were included in the model. 
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where •s  is the unconstrained emission level and s is the actual emission level 

measured in tons SO2 emitted per metric ton newsprint output. For simplicity, the 

unconstrained emission level is assumed to be equal to the highest level of actual 

emissions during the time period under study. Thus, the regulation intensity variable is 

bound between zero and unity.  

Second, capacity utilisation in newsprint production is included as a determinant 

of technical change to reflect short run disequilibria since technical change includes any 

shift in the cost function. This indicates non-optimal use of the capital stock resulting in 

higher costs, which are not explicitly accounted for in the estimation of the technical 

change indices. Third, it is now widely recognised that the rate of technical change 

depends, to some extent, on the resources devoted to research and development (R&D) 

by profit motivated firms (e.g., Meliciani, 2000; Chavas et al., 1997). In order to 

account for the time lag between innovation and implementation, the R&D variable was 

lagged one year.8 Lastly, the price for newsprint output is included as a determinant of 

technical change. A higher output price is hypothesised to reduce the incentives to 

reduce production costs. In addition, a high output price also induces the entry of new 

and less productive firms implying, on average, lower aggregate productivity 

performance.  

The Tornqvist index, the standard time trend and the general indices of technical 

change are thus regressed on capacity utilisation, research and development 

expenditures, regulatory intensity and output prices.9 We, thus, obtain the following 

econometric model: 

 

[17]    iiiiiii PRIRDCU εββββα +++++=Φ 4321  

 

������ i indicates technical change index, i.e., i=Tornqvist index, standard time trend 

and general index, while capacity utilisation, research and development, regulatory 

intensity and output prices are denoted by CU, RD, RI and P, respectively.  is an error 

                                                 
8 As a rule, longer lags should be used when the research undertaken is more basic, and shorter when the 
research is applied. Still, due to the limited degrees of freedom in the econometric estimation we chose a 
short time lag. 
9 The capacity utilisation data for newsprint production were obtained from FAO (1986) and Paper 
European Data Book (annual). Research and development expenditures and output prices were obtained 
from Statistics Sweden’s Industrial Statistics, and the regulatory intensity variable was constructed from 
emission data obtained from SCB (1989; 1990). 
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term with E[ ]=0 and Var[ ]= 2
��

The results from the least squares estimations are 

presented in Table 4. 

 

Table 4. Regression results for technical change model 
 

Constant Capacity  
Utilisation 

Research and 
Development  

Regulatory 
Intensity 

Output  
Price 

 

Tornqvist Index 
-6.52 
(6.52) 

0.08 
(3.47) 

0.92 
(3.21) 

-5.42 
(4.56) 

0.000 
(0.58) 

R2=0.56 

Time Trend 
-1.26 
(4.58) 

-0.01 
(1.02) 

3.26 
(2.98) 

1.26 
(0.84) 

-0.001 
(2.98) 

R2=0.49 

General Index 
-2.45 
(8.84) 

0.24 
(2.58) 

5.21 
(2.31) 

-10.2 
(3.42) 

-0.003 
(3.01) 

R2=0.67 

NOTE: Absolute values of t-statistics in parentheses.  
 

The adjusted R-squared measures range from 0.49 to 0.67 for the three technical change 

indices indicating a reasonable explanatory power for the four determinants of technical 

change. All four determinants are statistically significant in explaining the general index 

of technical change. The capacity utilisation, the research and development, and the 

regulatory intensity coefficients are statistically significant in explaining the Tornqvist 

index of technical change, while the standard time trend is only statistically significant 

explained by the research and development, and the output price coefficients.   

The magnitudes of the coefficients seem reasonable on the basis of a computation 

presented in Table 5 that utilises the results in Table 4 to predict changes in the general 

index of technical change for the periods 1975-79, 1980-84, 1985-89 and 1990-94. The 

estimates in Table 5 show how much of the change in the technical change index over 

each subperiod that can be explained by capacity utilisation, R&D expenditures, 

regulatory intensity and output price, respectively. For example, the results indicate that 

the growth in technical change for the period 1985-1989 can largely be explained by 

capacity utilisation and output price solely, or by 36.62 and 21.15 per cent respectively. 

Regulatory intensity and R&D expenditures only contribute some 12.12 and 1.60 per 

cent, respectively, to technical change. At least three important results can be derived 

from Table 5.  

 First, the most important explanation of the technical change indices appears to be 

capacity utilisation regardless of subperiod, a result that is supported by Wibe (1987) 

who shows that in the Swedish pulp industry a one per cent increase in capacity 

utilisation leads to a reduction of unit costs by 0.77 per cent. Second, the impact of 

regulatory intensity tends to increase over time. This suggests a consistent tightening of 
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regulation constraints over the time period, something that has forced the newsprint 

industry to invest heavily to reduce its environmental impact.  

 

Table 5. Explanation of the general technical change index 

Percentage contribution of  Change in 
Estimated Technical 

Change Index Constant Capacity 
Utilisation 

Research and 
Development 

Regulatory 
Intensity 

Output 
Price 

1975-79 1.69 -1.45 12.06 0.06 -0.72 -8.94 
1980-84 2.88 -0.85 7.70 0.20 -1.30 -4.76 
1985-89 0.62 -3.96 36.62 1.60 -12.12 -21.15 
1990-94 3.27 -0.75 6.66 1.29 -2.83 -3.38 

 

Furthermore, over time the newsprint industry has become increasingly research 

intensive and has managed to transform its R&D activity into cost reducing innovations. 

The contribution of R&D increased during the period, which, in part, can be explained 

by two factors: (a) mergers and acquisitions are continuously producing substantially 

larger conglomerations in the newsprint industry which reduces the number of separate 

R&D facilities and increases the size of the surviving ones and the chance of achieving 

scale effects from R&D activates without increasing the aggregate R&D expenditures; 

and (b) assuming that the R&D staffs are following the general population trend 

regarding education and training, their productivity has risen, which should increase the 

output from R&D efforts. Third, the low rate of technical change during the late 1980s 

coincided with a period in which the Swedish newsprint industry faced large 

restructurings with an associated drop in capital utilisation coupled with low R&D 

expenditures. 

 

Concluding remarks  

The first purpose of this paper has been to estimate the rate of technical change in the 

Swedish newsprint industry. Three different approaches were employed: (a) a Tornqvist 

index; (b) a standard time trend econometric specification; and (c) a general index 

approach. The results indicate that there exist noteworthy differences between the three 

approaches both in their mean explanation of technical change and in their variation 

over time. However, without further analysis no valid conclusions can be drawn 

regarding which of the indices that is the most suitable for explaining the real 

development of technical change in the Swedish newsprint industry. However, the 

models of technical change for the Swedish newsprint industry during the period 1974-

1994 reveal interesting findings. Comparing the Tornqvist index with the general 
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technical change index reveals similar development patterns over time with a 

pronounced increase in technical progress during the early 1990s for both indices. The 

Tornqvist and the general technical change index manage to highlight certain insights 

that might have been missed by solely relying on the standard time trend model, which 

does not allow for this kind of irregularity in the pure technical change index. The 

escalation of the two indices can be explained by at least three factors: (a) during the 

late 1970s the newsprint industry experienced, on a global scale, a low level of capacity 

utilisation; (b) at the same time, considerable crowding out effects, i.e., abatement 

investments versus productivity investments, occurred due to the introduction of 

extensive environmental regulations; and (c) the cyclic behaviour of research and 

development activity. 

The second purpose has been to, on the basis of the obtained technical change 

indices, to analyse the relevant determinants of technical change in the Swedish 

newsprint industry. Four determinants of technical change were identified and regressed 

on the indices: (a) capacity utilisation; (b) research and development expenditures; (c) 

regulatory intensity; and (d) output price. In a last step, the overall change in the 

estimated general technical change index is broken down into four separate time 

periods. For each time period, the contributions to the technical change by the four 

determinants were calculated. Capacity utilisation and output prices were the two main 

contributors to the development of the overall technical change followed by the 

regulatory intensity variable. Overall, the research and development variable accounted 

for a relatively small contribution to overall technical change but its contribution 

increased substantially over time.  
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Table A1. Parameter estimates for the General Index model 

Parameter Estimate t-stat  Parameter Estimate t-stat 

rp 20DV   rppw 0.010 1.409 

pw 20DV   rprp 0.026 8.176 

wp 20DV   pwz -0.004 -0.298 

ch 20DV   wpz 0.022 1.545 

wa 20DV   chz 0.007 1.136 

en 20DV   waz -0.017 -0.777 

y 20DV   rpz -0.016 -3.114 

z 20DV   pwy 0.056 3.659 
 20DV   wpy 0.013 0.875 

m 33DV   chy -0.012 -2.127 
pwwa 0.084 2.387  way -0.078 -3.471 
wpwa 0.007 0.255  rpy 0.016 3.026 
chwa 0.088 6.636  yz -0.137 -3.264 
wawa -0.174 -3.362  yy 0.125 2.681 
rpwa -0.066 -7.214  zz 0.141 3.634 
pwch 0.058 4.626  eny 0.005 0.849 
wpch -0.018 -1.716  enz 0.009 1.422 
chch -0.101 -12.097  rpen 0.011 3.473 
rpch 0.007 2.223  pwen -0.032 -2.332 
pwwp 0.120 4.457  wpen 0.032 3.005 
wpwp -0.151 -5.369  chen -0.034 -5.714 
rpwp 0.011 1.602  waen 0.060 3.969 
pwpw -0.241 -6.231  enen -0.038 -4.327 

Log-H 
R2 

2622 
99.8  

 
   

KEY: Woodpulp(wp); Recycled paper(rp); Energy(en); Mills(m);  
Labour(wa); Woodchip(ch); Pulpwood(pw); and Time(t). 

NOTE: DV indicates the use of separate dummy intercept variables for  
each mill and year. Estimates are available upon request from the author. 
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Table A2. Parameter estimates for Standard Time Trend model  

Parameter Estimate t-stat  Parameter Estimate t-stat 
m 33DV   pwpw -0.170 -4.634 
0 439.366 0.319  rprp 0.026 7.941 
rp  -8.048 -5.893  wawa -0.150 -2.988 
pw -8.038 -1.937  chch -0.092 -11.725 
wp 21.142 5.641  pwy 0.068 4.717 
ch 8.924 5.551  wpy -0.004 -0.296 
wa 1.718 0.287  chy -0.010 -1.857 
en -14.697 -8.388  way -0.078 -3.939 
y 29.990 4.028  rpy 0.014 2.799 
z -36.837 -5.332  eny 0.010 1.622 
t -0.395 -0.283  pwz -0.003 -0.229 
pwwa 0.020 0.566  wpz 0.026 1.921 
wpwa 0.076 2.784  chz 0.008 1.500 
chwa 0.074 5.779  waz -0.024 -1.238 
rpwa -0.061 -6.867  rpz -0.016 -3.313 
pwch 0.076 6.335  enz 0.009 1.542 
wpch -0.048 -4.871  yz -0.071 -1.951 
rpch 0.007 2.085  yy 0.082 1.949 
pwwp 0.045 1.808  zz 0.074 2.246 
rpwp 0.009 2.188  pwt 0.004 1.939 
rppw 0.020 2.808  wpt -0.011 -5.718 
rpen 0.000 -0.050  cht -0.005 -5.685 
pwen 0.008 0.676  wat 0.000 0.018 
wpen -0.004 -0.432  rpt 0.004 6.069 
chen -0.016 -2.848  ent 0.007 8.205 
waen 0.042 2.711  yt -0.015 -3.951 
enen -0.030 -3.624  zt 0.019 5.323 
wpwp -0.077 -2.869  tt 0.000 0.247 

Log-H 
R2 

2531 
99.7 

 
 

   

KEY: Woodpulp(wp); Recycled paper(rp); Energy(en); Mills(m);  
Labour(wa); Woodchip(ch); Pulpwood(pw); and Time(t). 

NOTE: DV indicates the use of separate dummy intercept variables for  
each mill. Estimates are available upon request from the author. 
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Introduction 

The purpose of this paper is to: (a) estimate the own- and cross-price elasticities of 

wastepaper demand in the Swedish paper and board industry; and (b) investigate 

whether wastepaper demand has become more (or less) price sensitive over time. The 

analysis is done within a variable Translog cost function, which is estimated using a 

panel of annual time series data across individual paper and board mills. The chosen 

research focus is motivated for (at least) two reasons.  

First, the use of wastepaper as an input in the production of paper and paperboard 

has increased considerably worldwide during the last decades. Different policy 

initiatives, spurred by the growing concerns for natural resource conservation and the 

environment in general and for waste reduction in particular, have played major roles in 

stimulating wastepaper consumption. However, policies to promote paper recycling and 

the substitution of wastepaper for virgin fibres have often focused solely on the supply 

side of the wastepaper market by mandating the removal of used paper and paperboard 

from the solid waste stream (e.g., Smith, 1997; Nestor, 1994).1 Generally such policy 

efforts increase supply, but they will only boost the equilibrium rate of paper recycling 

as long as wastepaper demand is relatively price sensitive. In practice, however, many 

collection schemes have simply led to abundant wastepaper supplies and price slumps, 

and only to very moderate increases in wastepaper demand.2 This implies that a greater 

focus on wastepaper demand behaviour is called for.  

Second, according to many previous studies (e.g., Zavatta, 1993; Rehn, 1995), 

technological change has, ceteris paribus, had a positive impact on wastepaper use in 

the paper and board industry. One important result of this technological development 

during the last decades, it is argued (e.g., Collins, 1992), is increased substitution 

possibilities between wastepaper and the other input factors, in particular woodpulp. 

This should, if true, facilitate the use of price-based policy efforts aimed at encouraging 

greater use of wastepaper in the production of new paper and paperboard products.  

Before proceeding some important limitations of the paper need to be stressed. In 

terms of factor substitution the paper focuses primarily on the choice between 

���������������������������������������������������
1 There also exist attempts to directly stimulate the demand for wastepaper (e.g., mandatory content 
legislation). However, these have not been as widespread as supply-side policies, and have in part been 
implemented in a response to the failure of wastepaper collection programs to increase wastepaper 
consumption (Nestor, 1994).  
2 See Browne (1996) and Nestor (1991, 1992, 1994) for analyses of such behaviour in the U.S. market for 
old newsprint.  
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wastepaper and woodpulp (i.e., between recycled and virgin fibres). In addition, in our 

estimations we employ data for four different paper grades: newsprint, tissue, carton and 

kraft paper. Since these products generally do not have to meet up to relatively tough 

quality standards, intensive use of wastepaper is common in their production. Thus, the 

substitution between wastepaper and woodpulp is a real issue in the production of these 

paper grades. Finally, due to data availability limitations we are only able to analyse the 

period 1974-1994, i.e., before the Swedish mandatory producer responsibility 

legislation was enacted. 1994 is the last year for which mill-specific data on input cost 

shares are available from Statistics Sweden. Still, in 1975 the Swedish government gave 

an advance warning of the producer responsibility in its preparatory work to introduce a 

new legislation regarding solid waste management (Prop. 1975). Thus, even though the 

producer responsibility legislation was passed in 1994 the pulp and paper industry had 

sufficient warning and time to adjust their production accordingly.  

The paper proceeds as follows. The next section provides a brief survey of earlier 

empirical studies attempting to estimate wastepaper demand elasticities, and explains in 

what way the present study differs from these past research efforts. After this the 

Translog specification is outlined, and some data and model estimation issues are 

discussed. The paper ends by presenting the empirical results and by providing some 

concluding remarks and implications.  

 

Previous economic research on waste paper demand elasticities  

With the growing interest in recycling in the early 1970s, the economics literature began 

to highlight waste management issues and the behaviour of secondary materials 

(recycled products) markets. In large part, the initial failures to achieve the expected 

rates of recycling spawned many of these earlier economic studies. With respect to 

paper recycling many of these studies focused solely on the supply of wastepaper by 

estimating a single supply equation (e.g., Anderson, 1977; Anderson and Spiegelman, 

1977; Edwards, 1979; Kinkley and Lahiri, 1984). These studies conclude, more or less 

unanimously, that the price elasticity of wastepaper supply is low, implying that tax 

incentives towards the supply of recycled paper will not effectively stimulate recycling.  

Table 1 lists – in a chronological order – the previous studies that have analysed 

the demand for wastepaper. We focus here solely on those studies that report estimates 

for the own-price elasticity of wastepaper demand, RRε , and the cross-price elasticity of 
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wastepaper demand with respect to woodpulp, RWε . The early wastepaper demand 

studies are strongly biased towards the U.S. paper and paperboard industry, and 

methodologically they typically estimate linear supply and demand equations as a 

simultaneous system of the following general type:3  
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where DR  is the consumption of wastepaper in the aggregate paper and paperboard 

industry, SR  is the supply of wastepaper, RP  and WP  are the prices of wastepaper and 

woodpulp, respectively, while iG and iF  are vectors containing any additional 

independent variables included in the demand and supply equations. Additive error 

terms, µ  and , are typically employed in the empirical specifications of the equations. 

Most of these studies conclude that wastepaper demand is very insensitive to changes in 

both its own price and in the price of its substitute material, woodpulp.4 One important 

deficiency of these early research efforts, however, is that they do not build on a 

complete microeconomic model of the underlying paper-producing technology and of 

the related derived demand for wastepaper. Ideally, the analysis of the demand side of 

the wastepaper market should be based on the theory of factor demand.  

 The more recent studies on wastepaper demand represent improvements of the 

older ones in the sense that many of them: (a) analyse demand behaviour within so-

called flexible cost (or profit or production) functions that characterise the paper 

production technology (rather than model demand in an ad hoc manner); and (b) use 

more disaggregated data, both by analysing different paper grades (e.g., newsprint, kraft 

etc.) separately and by employing plant data. Some of them also model explicitly the 

distinction between short- and long-run responses to price changes. Geographically 

there is still a bias towards the U.S. market, but three Swedish studies and one Indian 

one add some diversity. 

���������������������������������������������������
3 Since these models are linear they do not result in any unique demand elasticities (as would be the case 
in a log-linear model). The reported elasticities are therefore those for a specific year or for the mean of 
the sample. 
4 The Plaut (1978) study even reports positive own-price elasticities, which, however, were not found to 
be statistically different from zero. 
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Table 1. Previous wastepaper demand studies 

Study Industry focus Data Method RRε  RWε  

Anderson and 
Spiegelman 
(1977) 

Aggregate 
wastepaper  
consumption  

Monthly time series 
data 1972-1974 for 
the USA 

Linear supply-
demand model 

-0.08 0.17 

      
Deadman et 
al. (1978) 

Aggregate 
wastepaper  
consumption 

Quarterly time series 
data 1968-1976 for 
the UK 

Linear demand 
equation 

low low 

      
Plaut (1978) Wastepaper use in 

three qualities: 
corrugated board, 
newsprint and 
mixed paper 

Regional monthly 
data 1970-1976 for 
the USA 

Linear supply-
demand model 

0.00-0.21 -0.23-0.37 

      
Gill and 
Lahiri (1980) 

Aggregate 
wastepaper  
consumption 

Annual time series 
data 1952-1974 for 
the USA 

Linear supply-
demand model 

0.00 0.20 

      
Boungiorno 
et al. (1983) 

Wastepaper use in 
three qualities: 
paperboard, paper 
and newsprint 

Time series data 
1967-1979 for the 
USA 

Generalised 
Cobb-Douglas 
cost function 

Around 
-0.95 

Around  
0.20 

      
Edgren and 
Moreland 
(1989) 

Wastepaper use in 
paper and board 
industry 

Annual time series 
data 1952-1981 for 
the USA 

CES production 
function 

Around  
0.00 

Around  
0.00 

      
Nestor (1991, 
1992, 1994) 

Use of old 
newsprint in the 
newsprint industry 

Annual time-series 
data 1958-1987 for 
the USA 

Normalised 
quadratic cost 
function 

SR: -0.05 
LR: -0.12 

SR: 0.00 
LR: 0.02 

      
Rehn (1995) 
[Paper I] 

Wastepaper use in 
two qualities: 
newsprint and 
kraft paper 

Pooled annual times 
series data for Sweden 
across 7 newsprint 
plants and 11 kraft 
plants over the period 
1980-1990 

Translog 
production 
function 

Around 
-1.15 

Around 
0.15 

      
Rehn (1995) 
[Paper II] 

Wastepaper use in 
newsprint 
production 

Pooled annual times 
series data for Sweden 
across 7 newsprint 
plants over the period 
1972-1990 

Translog (total) 
cost function 

-1.32 0.13 

      
Ramaswamy 
et al. (1996) 

Wastepaper use in 
paper production 

Cross-section data 
(1995) on 68 Indian 
paper mills 

Translog variable 
cost function 

-0.08 Not 
estimated 

      
Hseu and 
Buongiorno 
(1997) 

Wastepaper use in 
paper production 

Annual times-series 
data 1952-1987 for 
the USA 

Non-parametric 
model. Elasticities 
obtained by 
quadratic 
programming 

LR: -2.2 LR: 0.2 

      
Lee and Ma 
(2001) 

Wastepaper use in 
paper and board 
production 

Annual time series 
data 1958-1987 for 
the USA 

Translog 
restricted profit 
function 

-0.48 0.01 

      
Samakovlis 
(2001) 

Wastepaper use in 
three qualities: 
soft paper, 
newsprint and 
kraft paper 

Pooled annual times 
series data for Sweden 
across 23 plants over 
the period 1972-1994 

Dynamic 
Translog cost 
function 
(estimated using 
error correction 
techniques) 

LR: -2.18 to 
-1.57  
SR: about  
-0.85  

LR: 0.03- 
0.42 
SR: 0.16-
0.67 
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 The results of these more recent studies support the notion that the cross-price 

elasticity of wastepaper demand with respect to woodpulp prices is low. Thus, there 

appears to be only limited substitution between the two raw material inputs, also over 

the longer-run. In terms of the own-price elasticities, most of the U.S. studies report low 

values, with the notable exception of Hseu and Buongiorno’s (1997) study that yield 

high long-run estimates. The Swedish studies, however, find evidence of considerably 

higher own-price responses. There are at least three plausible reasons for this 

discrepancy in results. 

First, the Swedish studies rely on pooled time series data across individual paper 

mills, while the U.S. studies rely on pure time series estimations. This means that the 

former analyses involve a considerable amount of cross-section (plant-specific) 

differences, and normally such differences tend to capture long-run impacts since they 

often exhibit a wide range of variation and tend to be the result of long-standing 

circumstances (e.g., geographic location etc.). Variations over time, however, are more 

likely to reflect short-term responses, and especially if the time intervals used are short 

(e.g., monthly rather than annual data), and if there have been substantial price 

variations during the time period.5 The latter has normally been the case for wastepaper 

prices (e.g., Edgren and Moreland, 1989), something which is likely to have contributed 

to the low price responses found in many of the U.S. wastepaper demand studies.  

Second, it may simply be the case that the Swedish paper and board industry is 

more price sensitive than the U.S. and the Indian ones. However, the production 

technologies used worldwide are fairly uniform, and there exists little additional 

empirical support for this notion. 

Third, the Swedish studies on wastepaper demand are generally of a much more 

recent date than the U.S. studies. This may imply that, due to technical advances, the 

price responsiveness of wastepaper demand has increased over time. These advances 

then become evident in the Swedish studies that to a much larger extent employ data for 

the late 1980s and early 1990s. As was noted above, there exists a number of case study 

evidence of the notion that wastepaper has become more substitutable, i.e., more price-

sensitive (e.g., Patrick, 1994). However, a proper test of this hypothesis would need to 

rely on data for the same country, and then analyse any changes over time by 

���������������������������������������������������
5 These interpretations of the inferences that one can draw from the use of cross-country and time series 
data are often referred to in applied econometric work. See, for instance, Griffin (1977), Pindyck (1979), 
Baltagi and Griffin (1984), and Baltagi (1995).  
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considering two distinct time periods. In this paper we employ such an approach, and 

thus extend upon earlier research efforts by considering changes in wastepaper demand 

elasticities over time. In addition, we also aim at explicitly estimating short-run price 

elasticities within a variable cost function.6 This approach permits us to analyse whether 

short-term slumps in the wastepaper market following mandatory waste collection 

programs may be due to a low own-price elasticity of wastepaper demand, and to what 

extent price-based policies will be effective in promoting the use of wastepaper.7  

 

Model specification 

In Sweden (as well as in many other countries) paper and paperboard are often produced 

within integrated pulp and paper mills in which pulpwood and chips are used to produce 

woodpulp, which in turn is used to manufacture paper or paperboard. Recycled paper is 

normally transformed directly into pulp in the paper manufacturing process. Following 

similar studies (e.g., Rehn, 1995) we assume thus that four different types of raw 

materials are needed to produce a specific paper grade (Q): recycled paper (R), 

woodpulp (W), pulpwood (PW), and chips (CH). In addition, a mill also uses labour (L), 

energy (E) and capital (K). This gives the following general production function for a 

representative paper and pulp mill: 

 

[2]         ( )tCHPWWRELKfQ ,,,,,,,=  

 

where t is a time trend representing technological knowledge. If the production function 

has convex isoquants and costs are minimised for every level of output, then there exists 

a dual cost function that contains sufficient information to completely describe the 

underlying production technology (Varian, 1992). In this paper we follow the 

Marshallian tradition and assume the existence of a variable cost function (VC) in which 

the capital stock is quasi-fixed. We are, thus, focusing solely on short-run factor 

demand behaviour. For our purposes the short-run cost function can be written as: 

 

���������������������������������������������������
6 Samakovlis (2001) also investigates changes in price elasticities over time. However, she does not 
permit her model to generate different price coefficients for different time periods. Thus, the reported 
changes in elasticities over time are due to changing input cost shares (see also equation [9]), and for this 
reason her analysis is too restrictive for this purpose.  
7 Some of the earlier studies on wastepaper demand also analyse short-run responses to price changes, but 
our model specification differs from this earlier work (see below).  
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[3]    ( )tQZPPPPPPVCVC CHPWWREL ,,,,,,,,=  

 

where PWWREL PPPPP ,,,, and CHP are the prices of the respective (variable) input factors. 

Z in turn denotes the level of the fixed capital stock.  

Furthermore, we assume that labour, energy, wastepaper and woodpulp inputs are, 

as a group, weakly separable from pulpwood and chips inputs. The implication of this 

assumption is that, given fixed capital input, the choice between the first four inputs are 

independent of the choice between the latter two (pulpwood and chips). This 

assumption is made for three reasons. First, we are primarily interested in the paper and 

paperboard producing process of the pulp and paper industry, and in particular in the 

relationship between wastepaper and woodpulp. Second, since pulpwood and chips are 

used in the production of woodpulp, the inclusion of all these three inputs in the cost 

function implies some amount of double-counting (Samakovlis, 2001). Third, many 

mills do not use either pulpwood or chips, i.e., they have zero cost shares for these 

inputs and relevant price observations are absent. Standard estimation methods, such as 

the maximum likelihood estimator, may in this case yield biased and inconsistent 

parameter estimates (Bousquet and Ivaldi, 1998). The weak separability assumption 

permits us to employ a separate cost function ( GVC ) for paper and paperboard 

production of the following general form: 

 

[4]    ( )tQZPPPPVCVC WRELGG ,,,,,,=  

 

The short-run cost share equations for the variable inputs can be obtained by 

applying Shephard’s lemma, which states that the cost-minimising demand levels for 

the variable inputs are given by the first partial derivative of equation [4] with respect to 

input prices. This gives the following general cost share equations: 
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where iS is the cost share for input i, and iF  represent consumption of the ith input. A 

Translog cost function specification based on Christensen et al. (1971, 1973), is chosen 
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for the econometric estimation. The Translog formulation permits the substitution 

between input factors to be unrestricted, and it is obtained by a second-order Taylor 

expansion of the logarithm of an arbitrary twice differentiable cost function. For our 

purposes the Translog variable cost function is written as: 
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where Dm denote mill-specific dummy variables (m=1,…,M) (see below). The 

corresponding cost share equations derived through Shephard’s lemma are: 
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for i = L, E, R, and W 

 

The symmetry restriction according to Young’s Theorem, ij= ji for all i, j, is 

imposed on the model. To ensure that the cost shares add up to one (1) and that the cost 

function is linearly homogenous in input prices, the following parameter restrictions are 

also imposed: 
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Joint estimation of the cost function [6] and the cost share equations [7] with the 

above restrictions imposed, provides us with the parameters necessary to estimate the 

own- and cross-price elasticities of factor demand for the respective paper grades. By 

building on the work of Uzawa (1962), Berndt and Wood (1975) show that, for the 

Translog model, the own- and cross-price elasticities of factor demand are given by:  
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where iŜ  are the fitted cost shares for input i, and ijσ are the Allen partial elasticity of 

substitution. It is important to note that the own- and cross-price elasticities in equation 

[9] are only partial. For instance, the estimated cross-price responses only account for 

the substitution between the variable input factors under the constraint that the 

aggregate quantity of output (Q) remains constant.  

Moreover, the price elasticities are only valid for the levels of the capital stock at 

which they are evaluated, and therefore they do not provide any information about the 

substitution between capital and the other variable inputs. In other words, these 

elasticities should be interpreted as capturing only short-run responses to relative price 

changes.  

The estimation of the Translog model also permits us to draw some tentative 

conclusions about the impact of technical change on relative factor use (i.e., the 

presence of technological bias). The parameters it in the cost share equations [7] 

indicate whether technical change has been ith input saving or input using. However, 

given the fact that Q, K, and t tend to move closely together over time, it may be 

difficult to separate the impacts from returns to scale, capital, and technology. One 

common way of solving this problem is to assume constant returns to scale (CRS) (e.g., 

Morrison, 1988). Brown and Christensen (1981) show that for the Translog variable 

cost model outlined above, CRS require that the following parameter restrictions be 

imposed on the model: 

 

       1=+ ZQ αα  

[10]     ZtQtQZZZQZQQ ββββββ +=+=+  

       0=+ ZiQi ββ   i∀  

 

A constrained model with the above parameter restrictions imposed was estimated, and 

then compared to the estimates produced by the unconstrained model. The results from 

likelihood ratio tests indicated, however, a strong rejection of the CRS hypothesis for all 

four paper and board grades. Thus, the results presented below build solely on the 
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unconstrained model, which puts no a priori restrictions on the returns to scale 

parameters.8  

 

Data and model estimation issues 

In this paper we employ an unbalanced panel data set across individual Swedish paper 

mills over the time period 1974-1994. The data have been drawn directly from Statistics 

Sweden’s industrial statistics. Unfortunately, the relevant data are not available for the 

years following 1994 (at the time when the Swedish producer responsibility legislation 

was introduced). Still, the data available permit us to analyse wastepaper demand 

behaviour over a period during which paper recycling increased substantially, partly due 

to a number of (pre-1994) governmental and municipal policy measures.  

The analysis focuses on the following four paper grades: newsprint, carton, tissue, 

and kraft. Since these products do not have to meet up to tough quality standards in 

terms of purity and strength, the use of wastepaper is relatively high in their production. 

A large number of the paper mills included in the data set produce more than one paper 

quality. For this reason, only mills with at least 90 percent production of newsprint, 

carton and kraft, respectively, were included in the estimations. In the case of tissue, 

however, limited data availability forced us to choose a lower selection target of 75 

percent. This leaves us with the following unbalanced data set for the four paper grades 

over the period 1974-1994: 

 

• 10 newsprint-producing mills, and a total of 108 observations;  

• 26 carton-producing mills, and a total of 144 observations; 

• 10 tissue-producing mills, and a total of 136 observations; and 

• 30 kraft-producing mills, and a total of 305 observations. 

 

In order to test for the existence of changes in substitution possibilities over time, we 

also divide the data set into two separate time periods, one early (1974-1982) and one 

late (1983-1994) and perform separate estimations for these two sub-samples.9  

���������������������������������������������������
8 The likelihood ratio test statistics for the four models (newsprint, tissue, carton, and kraft) were 128, 
168, 96, and 268, respectively. The critical value for 8 degrees of freedom (which is equal to the number 
of restrictions being tested) and 0.01 percent significance level is 20.  
9 For carton there is an uneven distribution of observations between the years, which required the use of 
different sub-samples: 1974-1989 and 1990-1994. 
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The data needed to estimate the models include output measures for the respective 

paper grades, values of the installed capital stocks, input consumption figures, and the 

prices for the different inputs. The raw material prices have been derived from the ratio 

between expenditures and consumed quantities and are measured in 1000 SEK/metric 

ton. Energy prices and labour wages have been derived in a similar way and they are 

measured in 1000 SEK per MWh and 1000 SEK per employee, respectively. Production 

data are measured in thousand metric tons. The capital stock variable, on mill-level, was 

constructed using the perpetual inventory method as outlined in equation [11].  

 

[11]           ( ) 11 −−+= ttt ZIZ δ  

 

where tZ  is the capital stock at time t, tI is investment and δ  is the capital depreciation 

rate. The capital stock for the initial year, i.e., the year 1974 or, in those cases where the 

mills came into operation at a later stage, the start-up year, was constructed by using an 

industry-specific aggregate capital stock data, weighted by mill-specific production 

volumes. Unfortunately, investment data could only be obtained on the firm-level and 

not on the mill-level. This problem was solved by disaggregating the firm-level 

investment data by using the increases in mill-specific production levels between year t 

and year t+1 as weights.10 The depreciation rate is assumed to be constant over time as 

well as across mills. Following Samakovlis (2001) and Hetemäki (1990) we assume that 

δ  equals 7 percent (0.07). 

By adopting the weak separability assumption we were able to avoid the problem 

of zero input values and missing price observations for the pulpwood and chips inputs. 

However, the problem still exists for some of the remaining observations. As was noted 

above, this may cause biased estimates of the parameters (Bousquet and Ivaldi, 1998), 

and simply deleting these observations is not necessarily the best solution as it creates a 

sample bias. Instead we followed the approach suggested by Lee and Pitt (1986, 1987) 

and replaced the missing price observations with sample averages.  

 

���������������������������������������������������
10 The rationale behind this procedure is that one would expect that mills, which expand their production 
more rapidly than others, would be more likely to have invested relatively much in the near past. 
Regardless of whether the firms have invested in order to replace worn-out capital or to meet higher 
demand, investments at time period t are likely to result in a higher production level at t+1 than would 
otherwise have been the case. 
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Finally, we specify the stochastic specification of our equation system. We desire 

a specification, which recognises that variables not observed still enter the different 

mills’ cost minimising behaviour. We assume that additive error terms, VC
mtε and imtε , are 

appended to the variable cost equation and its associated cost share equations. 

Furthermore, we assume that each error term can be decomposed so that: 

 

[12]      
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mttm
VC
mt

ωγαε
φµαε

++=
++=

 

 

where mα and imα  are mill-specific errors, tµ and itγ  are errors that exhibit first order 

autocorrelation within a given equation (but no error autocorrelation across equations), 

and mtφ  and imtω  represent normally distributed error terms (which may be 

contemporaneously correlated across equations) (Berndt et al., 1992). The mill-specific 

errors may be interpreted as unobserved fundamental differences among the mills. We 

assume that these differences are fixed over time for a given mill, and we can thus 

eliminate this disturbance by introducing dummy variables for each mill. Specifically, 

we introduce mill-specific dummy variables, ∑m mim Dλ , into the linear term of the cost 

share equations, and interactive slope coefficients, ∑ ∑m m imim PDλ , into the variable 

cost function equation.11 Cross-equation restrictions are imposed also on the fixed 

effects parameters (see equation [8]).  

Since cross-section data normally tend to reflect long-run responses, the removal 

of all cross-mill variance in the cost share equations, and thus the reliance on within-

mill variance fits well with our purpose of estimating short-run effects (see also Baltagi, 

1995). Our interpretation of the estimation results as capturing short-run responses to 

price changes is also strengthened by the fact that the relative price of wastepaper to 

woodpulp has fluctuated considerably during the period under study (see Figure 1).  

 Finally, the energy cost share equation is dropped from the estimation to avoid 

singularity in the disturbance covariance matrix. Since the system of equations is 

estimated by the method of maximum likelihood (using the TSP software) the results 

are invariant to the choice of cost share equation dropped (Berndt, 1991). 

���������������������������������������������������
11 The latter is given by the fact that the cost share equations are derived as logarithmic derivatives from 
the variable cost function.  
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Figure 1. The relative price of wastepaper versus woodpulp  
in Sweden (index 100 = 1974) 

Source:  Statistics Sweden. 
 

 

Empirical results 

In this section we begin by presenting the estimation results based on the full sample 

(1974-1994), and then we proceed by considering the differences in results between the 

two sub-sample estimations. 

 

Results from the full sample estimations 

The parameter estimates and the corresponding t-statistics for the four model 

estimations are provided in Table A1 in the Appendix. Conventional R-square measures 

for the variable cost function estimation range between 0.49 and 0.86, and indicate thus 

relatively good fits for all four models. Before proceeding it is also necessary to 

establish whether the estimates are consistent with the theoretically provided regularity 

conditions, monotonicity and concavity. First, monotonicity of the cost functions was 

checked by determining if the fitted factor cost shares were positive. The check of these 

showed that the largest number of violations was found for the paper grade carton, 

where 78 negative cost shares out of a total of 576 was reported. For the three remaining 

paper grades: kraft, newsprint and tissue some 135, 25 and 50 cases of negative cost 

shares were found (out of a total of 1220, 432 and 544, respectively). Second, concavity 
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in input prices was checked both by examining the signs of the own-price elasticities of 

factor demand at each observation, and by checking whether the bordered Hessian 

matrix is negative semi-definite. Negative own-price elasticities are a necessary 

condition and semi-definiteness of the bordered Hessian is both a necessary and a 

sufficient condition for concavity. Hence, the concavity is determined by examining the 

signs of the principal minors at each observation. The results indicate that nearly 87 per 

cent of the observations were found negative for all four models. This analysis showed 

that apart from 60, 215, 94 and 91 observations (out of a total of 576, 1220, 432 and 

544, respectively), the models were well behaved in terms of concavity. Overall, the 

above only cast some modest amount of doubt on the validity of the theoretical 

restrictions imposed on the model.  

The time trend coefficients displaying the technical bias towards waste paper use, 

Rtβ , are all statistically significant (at the 1 percent level), and they indicate – with the 

notable exception of carton – that technical change in the Swedish paper and paperboard 

sector has had wastepaper using impacts over the period 1974-1994. These results are 

likely to reflect the impact of waste-paper promoting policies during the period and 

also, to some extent, consumer demand favouring paper brands with a large share of 

recycled paper content. In addition, the development and the refinement of wastepaper 

treatment techniques resulting, for instance, in a marked improvement in the physical 

quality of recycled fibres, have also played an important role in favouring wastepaper 

use. However, in the case of carton the estimates of technical bias are negative for 

wastepaper use. There are two plausible explanations to this. First, the definition of 

carton that is used in this paper does not properly reflect the fact that carton has several 

different and heterogeneous uses. Compared to newsprint and kraft, which are fairly 

standardised products and are produced in bulk, certain carton grades are produced for 

end-use niche markets, which reduces the optimal size of the operation and that in turn 

could render the instalment of new technology for wastepaper utilisation too costly. 

Second, carton products are to some extent used in connection with food packaging, 

something which, due to hygiene requirements, might reduce the possibility to utilise 

wastepaper.          

The remaining time trend coefficients, itβ Ri ≠ , show that, in general, technical 

change has had negative impacts, ceteris paribus, on the use of labour and woodpulp, 

while the corresponding impacts on energy have been positive. These results conform 
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well to those presented in earlier studies (e.g., DeBorger and Boungiorno (1985); Stier, 

1985; Martinello, 1985; Quicke et al., 1990). Again, however, the results for carton 

stand out from this overall pattern; they indicate a statistically significant labour using 

technical bias. As was noted above, this could be explained by the relative diversity of 

carton producing mills, which, in some cases, may involve the intensive use of 

craftsmanship and skilled workers and they do therefore not experience substantial 

labour savings due to technical change.  

The short-run own- and cross-price elasticities of demand resulting from the full 

sample estimations are presented in Table 2. These have been calculated at the mean of 

the fitted cost shares for each paper grade. They are all negative as should be expected. 

The own-price elasticities of demand for the two raw materials, i.e., wastepaper and 

woodpulp, range from -2.6 to -0.61 and from -0.62 to -0.14, respectively, depending on 

paper grade. Overall this indicates that the input mix for the industry as a whole is more 

sensitive to short-run price fluctuations in wastepaper use than in woodpulp use. This is 

supported by Samakovlis (2001) who, in general, finds low short-run own-price demand 

elasticities for wastepaper and woodpulp, but that the demand for wastepaper is more 

price-sensitive than the demand for woodpulp. Rehn (1995) finds similar patterns of 

demand elasticities for printing paper. With respect to the magnitude of the own-price 

elasticities of wastepaper demand, our results generally indicate higher values than the 

short-run estimates reported in Samakovlis (2001), but lower than the results for 

printing paper reported in Rehn (1995). This may suggest that – in contrast to our 

approach – Rehn’s estimates are not capturing short-run responses but rather some long- 

(or intermediate-) run impacts.12 Furthermore, our results also show that the demands 

for labour and energy are generally own-price inelastic, with the notable exception of 

the own-price elasticity of energy demand in carton production.        

 The ease with which substitution can occur between the different input factors 

varies between the paper grades. Of special interest are the substitution possibilities 

between woodpulp and wastepaper but also in what regard wastepaper and energy are 

substitutes. Our results suggest that wastepaper can be considered a substitute for 

woodpulp in the production of tissue and kraft and a complement in the production of 

���������������������������������������������������
12 As has been noted, Samakovlis (2001) also considers short-run responses per se, although her model 
builds on the non-structural error correction approach and does therefore not explicitly account for the 
short-run fixity of the capital stock. For instance, her short-run elasticities include price elasticities of 
capital demand. 
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newsprint and carton. For example, a 10 per cent increase in the price for woodpulp 

would decrease the demand for wastepaper by 9.2 per cent in newsprint production 

while at the same time increase the demand for wastepaper by 5.1 per cent in kraft 

production. Samakovlis (2001) finds similar results for the substitutability between 

woodpulp and wastepaper in kraft production while Rehn (1995) finds that woodpulp 

and wastepaper are substitutes in printing paper production. The discrepancy between 

this study and that of Rehn (1995) can be explained by the fact that he is including more 

than just newsprint in his definition of printing paper. 

 

Table 2. Estimated own- and cross-price elasticities of demand  

 Newsprint Tissue Carton Kraft 
Own-price     

RR -0.61 -1.81 -2.60 -1.44 
WW -0.34 -0.14 -0.62 -0.32 
LL -0.26 -0.10 -0.23 -0.27 
EE -0.39 -0.31 -1.81 -0.38 

Cross-price     
RW -0.92 0.86 -0.44 0.51 
WR -0.10 0.02 1.45 0.06 
RL 0.38 0.95 2.74 0.49 
LR 0.06 -0.03 0.04 0.08 
RE 0.32 0.01 0.30 0.44 
ER 0.06 0.17 0.01 -0.12 
WL 0.20 0.09 0.75 0.17 
LW 0.02 0.06 0.11 -0.01 
WE 0.25 0.04 1.67 0.08 
EW 0.09 -0.03 0.52 -0.02 
LE 0.18 0.03 0.08 0.21 
EL 0.24 -0.09 1.28 0.52 

Note: Elasticities evaluated at the mean values of the fitted cost shares.  
 

The ambiguity in the results regarding the relationship between wastepaper and 

woodpulp is also explained by the fact that to some extent they are both substitutes and 

complements. Specifically, a number of paper and board mills must use some minimum 

amount of woodpulp (and, in certain instances, also wastepaper), but above these limits 

they are very flexible – also in the short-run – and can relatively easily substitute one of 

the materials for the other.13 In other words, in practice the isoquant along which mills 

are assumed to substitute between different inputs is unlikely to be continuous and well-

defined.  

Wastepaper utilisation has often been considered as energy conserving in the pulp 

and paper industry mainly due to reductions in the need for energy intensive pulp 

���������������������������������������������������
13 Personal communication with Carl Kempe, the Kempe Foundations, Sweden, April 1998.  
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production and our results support this notion. Energy and wastepaper are found to be 

substitutes, which is also in accordance with previous research.14  

 

Results from the sub-sample estimations 

The own- and cross-price elasticities of demand resulting from the sub-sample 

estimations are presented in Table 3. These have been calculated at the mean of the 

fitted cost shares for each paper grade. All own-price elasticities but one exhibit the 

expected negative sign. The own-price elasticity for energy demand in tissue production 

is positive, indicating a failure of the tissue cost function to be concave in input prices.  

 

Table 3. Estimated own- and cross-price elasticities of demand (sub-samples) 

 Newsprint Tissue Carton Kraft 
Own-price 1974-82 1983-94 1974-82 1983-94 1974-89 1990-94 1974-82 1983-94 

RR -2.64 -0.80 -1.04 -2.26 -0.65 -0.71 -0.43 -1.20 
WW -0.86 -0.87 -0.20 -0.34 -0.98 -2.15 -0.42 -0.94 
LL -0.23 -0.56 -0.34 -0.17 -0.27 -0.13 -0.22 -0.49 
EE -0.22 -0.41 0.13 -0.26 -1.61 -1.73 -0.13 -0.77 

Cross-price     
RW 0.63 -0.29 0.80 0.38 -0.08 0.00 0.35 -1.18 
WR 0.05 0.09 -0.01 0.10 0.05 -0.11 0.07 0.18 
RL -0.71 0.06 -0.09 1.62 0.40 0.68 -0.10 3.28 
LR -0.12 -0.02 0.10 -0.11 0.02 0.04 -0.05 0.37 
RE 0.73 -0.05 0.01 0.25 0.34 1.65 0.18 1.42 
ER 0.18 -0.05 0.14 0.01 0.41 0.02 0.11 0.26 
WL 0.44 0.36 0.15 0.17 0.82 2.66 0.18 0.53 
LW 0.11 0.07 0.25 0.11 0.21 0.00 0.20 -0.03 
WE 0.36 0.42 0.06 0.07 0.11 -0.39 -0.10 0.23 
EW -0.33 0.02 0.25 0.19 0.89 0.00 -0.18 0.15 
LE 0.21 0.52 -0.01 -0.02 0.03 0.09 0.07 0.16 
EL 0.07 0.45 -0.52 -0.09 0.31 1.71 0.20 0.36 

N 55 53 59 77 72 72 171 134 

Note: Elasticities evaluated at the mean values of the fitted cost shares. 

 

 It is worth noting that the own-price sensitivities for wastepaper as well as for 

woodpulp tend to increase over time, while the price sensitivity for labour demand is 

ambiguous. In the case of wastepaper this increase in the own-price elasticity of demand 

is found to be statistically significant in the cases of tissue and kraft.15 Since the sum of 

all the cross-price elasticities must equal the (absolute) value of the own-price elasticity 

���������������������������������������������������
14 See also Samakovlis (2001), who shows that in the short-run the energy conserving impact of 
wastepaper use remains valid also if the energy aggregate is divided into electricity and fossil fuels. 
However, her results also suggest that in the long-run, wastepaper and fossil fuels are substitutes but 
wastepaper and electricity become complements.    
15 To perform this significance test we calculated confidence intervals for the elasticity estimates by using 
the method outlined in Anderson and Thursby (1986).  
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(e.g., Berndt, 1991), our results suggest that for these two paper grades the overall ease 

of substituting between wastepaper and the other inputs have become greater. This also 

lends some support for the hypothesis that technical change has facilitated wastepaper 

substitution.  

However, for the specific relationship between wastepaper and woodpulp this 

general result does not hold. Wastepaper goes from being a substitute to a complement 

to woodpulp. This is in concordance with the explanation given above regarding the 

complementary nature of wastepaper in paper and board production. Still, while 

woodpulp-wastepaper substitution possibilities appear relatively limited and also 

decrease over time the substitution between energy and wastepaper is much more 

profound. In carton and kraft production this increase in substitutability is substantial 

and statistically significant. For example, the cross-price elasticity for wastepaper and 

energy goes from 0.18 to 1.42 in kraft production. In addition, overall the own-price 

elasticities of energy demand increase between the two time periods, indicating that 

energy demand overall (i.e., not only for changes in wastepaper prices) has become 

more sensitive to cross-price changes.  

Several reasons can contribute to the explanation of this development. First, new 

developments in both wastepaper utilisation technology as well as energy saving 

technology have occurred in the industry. Lundmark and Söderholm (2002) find 

evidence of non-neutral technical change promoting wastepaper utilisation and energy 

induced cost reductions for the Swedish pulp and paper industry; the results presented 

here complements these results by pointing out that these developments have not only 

encouraged wastepaper and energy use, but have also made the substitution between 

these inputs easier. Second, the oil crises in the 1970s coincide with the break between 

our two sub-samples. These are likely to have induced technical developments that 

facilitate greater substitution between energy and the other inputs.16 Still, the effects of 

these technical developments largely became apparent only during the 1980s (i.e., in our 

second sub-sample estimation).  

 

 

���������������������������������������������������
16 Still, as pointed out by Lundmark and Söderholm (2002), the main motivation of these efforts were not 
only related to the avoiding of cost increases caused by the energy price soars. Equally important was the 
drive for more secure input sources, implying, for instance, a greater reliance on domestic (but not 
necessarily cheaper) energy sources. 
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Concluding remarks 

The purpose of this paper has been to analyse wastepaper demand patterns in the 

Swedish paper and board industry, as well as any structural changes in demand 

behaviour over time. Overall the results suggest that the own-price elasticities of 

wastepaper demand, as well as the substitution possibilities with other inputs, are 

relatively high even in the short-run. However, the relationship between woodpulp and 

wastepaper is somewhat mixed for the different paper grades. In many instances they 

are complements.  

Generally wastepaper demand elasticities tend to be higher than previous short-

run estimates for the USA and, to some extent, also for Sweden. One potential 

explanation for this, which has not been covered by previous studies, is that technical 

change has gradually over time led to higher own-price sensitivities (the U.S. studies, 

for instance, do generally not cover wastepaper demand patterns after 1987). By 

dividing our sample into one early time period and one later, we found some partial 

evidence for this hypothesis, especially for tissue and kraft. Still, there is little evidence 

to support the notion that the substitution between wastepaper and woodpulp has 

become greater over time. Instead wastepaper demand has become more sensitive to 

changes in energy prices, something, which may be attributed to induced technological 

change following the energy crises in the 1970s.  

Overall our results suggest that – partly due to recent technical changes – the 

price-based policies attempting to promote the use of wastepaper will be relatively 

successful (also in the short-run), but they will not necessarily encourage the 

conservation of virgin fibres. The relationship between woodpulp and wastepaper 

appears to be more complex than suggested in most previous research. The promotion 

of wastepaper use will, however, have a conserving impact on energy use. However, as 

indicated by Samakovlis (2001) this relationship also requires some further scrutiny, as 

the energy input is very diverse. This should also open the field for future research into 

wastepaper demand patterns. 
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� A1 

Table A1. Parameter estimates for Translog model (full sample)* 

 Newsprint Tissue Carton Kraft 
Parameters Estimate t-stat Estimate t-stat Estimate t-stat Estimate t-stat 

R 9DV  9DV  25DV  29DV  
L 9DV  9DV  25DV  29DV  
E 9DV  9DV  25DV  29DV  
W 9DV  9DV  25DV  29DV  
0 817.2 0.621 -6740 -4.192 15130 5.781 3396 2.440 
t -0.779 -0.582 7.327 4.474 -15.15 -5.829 -3.399 -2.409 
y -19.24 -3.291 -104.6 -6.841 -33.93 -1.486 13.88 2.675 
z 1.051 0.205 4.264 0.885 42.84 2.050 -16.56 -3.455 
EE 0.110 4.232 0.044 5.815 -0.035 -3.261 0.060 7.601 
Et 0.006 3.180 0.004 8.043 -0.001 -0.453 0.003 3.791 
EQ -0.010 -0.428 -0.018 -2.635 0.006 0.762 -0.007 -0.765 
EZ 0.034 2.146 -0.015 -4.900 -0.006 -1.175 -0.038 -8.734 
RE -0.002 -0.152 0.005 1.042 -0.002 -0.422 -0.029 -5.139 
RR 0.050 3.065 0.051 4.531 0.014 2.809 0.058 7.303 
Rt 0.004 3.714 0.007 7.336 -0.008 -9.391 0.003 4.461 
RL 0.000 -0.040 -0.034 -3.143 -0.016 -2.916 -0.009 -0.939 
RW -0.047 -3.730 -0.023 -2.257 0.004 0.716 -0.020 -2.625 
RQ 0.045 2.932 -0.011 -1.046 0.032 4.500 0.055 8.363 
RZ -0.007 -0.738 0.015 3.090 -0.003 -0.640 0.015 5.714 
tt 0.001 0.545 -0.004 -4.746 0.008 5.876 0.002 2.372 
LE -0.072 -4.281 -0.024 -3.269 0.018 2.465 0.015 1.717 
Lt -0.009 -4.070 -0.002 -1.287 0.014 9.297 -0.001 -0.509 
LL 0.127 6.615 0.193 11.30 -0.040 -3.601 0.118 5.984 
LQ -0.069 -3.877 -0.072 -3.719 -0.045 -4.291 -0.062 -4.542 
LZ 0.007 0.449 -0.043 -5.947 0.010 1.125 -0.086 -8.120 
WE -0.036 -2.171 -0.026 -4.419 0.018 1.639 -0.045 -5.359 
Wt -0.001 -0.226 -0.009 -4.301 -0.005 -5.399 -0.005 -2.002 
WL -0.055 -3.985 -0.136 -8.989 0.038 3.633 -0.124 -7.517 
WW 0.138 5.760 0.184 9.773 -0.060 -3.847 0.189 9.301 
WQ 0.035 0.991 0.100 3.628 0.006 0.703 0.015 0.703 
WZ -0.034 -1.163 0.043 3.958 -0.001 -0.253 0.109 8.139 
Qt 0.011 3.552 0.056 6.929 0.016 1.402 -0.006 -2.255 
QQ 0.010 0.235 -0.637 -4.803 0.261 2.895 -0.102 -3.637 
QZ -0.067 -2.147 0.134 2.547 0.067 1.047 -0.038 -3.163 
Zt -0.001 -0.345 -0.004 -1.534 -0.021 -2.031 0.009 3.545 
ZZ 0.112 3.352 0.168 7.056 -0.085 -1.434 0.045 3.731 

Unrestricted 
log-likelihood 

589  908  1198  1410 
 

Restricted  
Log-likelihood 

525  823  1150  1276 
 

N 108  136  144  305  

* DV indicates the use of separate dummy intercept variables for each mill. Specifically, in the cost share 

equations there is a value iα  for a base mill and then an additional imλ for the other M-1 mills. The full 

set of parameter estimates is available upon request from the authors.  
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