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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.

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

10000000

1961 1966 1971 1976 1981 1986 1991 1996

N
ew

sp
rin

t 
P

ro
du

ct
io

n 
(m

t)



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

249

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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TABLE 2. A SAMPLE OF EARLIER EMPIRICAL AND THEORETICAL STUDIES ON

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

elbairaV noitinifeD tinU ecruoS

tsevnI tnemtsevnitnirpsweN
stcejorp

forebmuN
secnerrucco

pluPdetcejorP,OAF
nislliMrepaPdna

.dlroWeht

(etsaW +) yrevocerrepapetsaW snotcirtem000,1 -efeReporuErepaP
repaP.launaMecner

.kooBataDnaeporuE

(tseroF +) foemulovgnidnatS
tserof

cibucsnoilliM
krabrevoertem

-efeReporuErepaP
repaP.launaMecner

.kooBataDnaeporuE

(ecirpE −) ecirpyticirtcelelaeR hWkrepstnecSU
)xatgnidulcni(

secirPygrenE,AEI
.sexaTdna

(egaW −) egawylruohlaeR ruohrep$SU fokoobraeY,OLI
,NU.scitsitatsruobal

scitsitatSlairtsudnI
,TATSI.koobraeY

.serugiFniylatI

(emocnI +) atipacrepPDGlaeR PDG,snoilliM
ta(atipacrep

,secirptekram
7891tnatsnoc

)$SU

dlroW,knaBdlroW
-acidnitnempoleved
,NU.)MOR-DC(srot

-raeYcihpargomeD
.koob

(pacpaP +) repnoitpmusnocrepaP
atipac

snotcirtem000,1
atipacrep

-sitatSlaunnAIPEC
-pargomeD,NU.scit

.koobraeYcih

(xaT −) tiforp,emocninoxaT
sniaglatipacdna

foegatnecreP
eunever

dlroW,knaBdlroW
-acidnitnempoleved

.)MOR-DC(srot

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

tneiciffeoC 46.0 82.0 − 35.1 11.0 22.0 97.0 60.0

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

airtsuA xuleneB dnalniF ecnarF ynamreG eceerG ylatI

ytilibaborP 140.0 330.0 80.0 971.0 831.0 310.0 940.0

detciderP 2 2 4 9 7 1 3

lautcA 1 0 5 9 6 0 1

seirtnuoC

sdnalrehteN yawroN niapS nedewS dnalreztiwS KU

ytilibaborP 50.0 750.0 730.0 112.0 920.0 380.0

detciderP 3 3 2 01 2 4

lautcA 2 4 4 11 2 7

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.
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