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1. INTRODUCTION

Sweden and Finland are among the world's richest and most highly developed economies
today, but it is often forgotten that the Nordic region was ill one of Europe's poorest and
most backward corners around the middle of the 19th century. The remarkable transformation
that commenced around 1850 in Sweden and some decades later in Finland has gradualy
changed both countries from underdeveloped agricultura economies to advanced indugtrid
welfare gates. This process is interesting not only from an hitorical perspective, but aso from
the point of view of today’ s developing economies.

One of the digtinguishing feetures of the Nordic development history is that growth was
fudled by the expanson of industries based on domestic raw materids, such as timber and
iron ore. From a postion as suppliers of smple intermediate products to more advanced
economies in Western Europe, Sweden and Finland were able to upgrade the technologica
level of their raw materid based indudtries, and establish a foundeation for a more diversified
economic dructure. Over time, both countries managed to successfully diversfy into related
activities, such as machinery, engineering products, trangport equipment, and various types of
services. Many of today’ s developing economies have abundant supplies of natura resources,
but few countries seem to base their long term development strategies on resource intensve
sectors. The reason is arguably the risk that they may never be able to move from production
and exports of low vaue added commodities to more advanced industries. However, the
Swedish and Finnish experiences suggest that development Strategies based on raw materids
may form a solid base for sustainable development, and demonstrate some of the requirements
for diversification and growth of more advanced industries

Another notable observation regarding the Nordic economies is that industries based on
domegtic raw materids till account for a Sgnificant share of manufacturing activity, athough
the export, production, and employment shares of more knowledge intensive manufacturing
and service sectors have increased rapidly during the past decades. The forest and meta
indugtries together employ dmogt one-fifth of the industria labor force in Sweden and supply
about a quarter of tota Swedish exports — in Finland, the corresponding shares are even
higher. The continuing prominence of these sectors implies that raw materia based production
is not only a temporary stage in economic development, but can instead be a sustainable
edement of an advanced indudtrid dructure. This kind of long-run success requires public
policies and company Srategies that preserve the raw materia resources and create the kills
and competence that are needed to remain compstitive in the face of increasing labor costs
and changing technologies.

A third point to note is the rgpid change in indugtria structure that has taken place in
both Sweden and Finland during the past decade. Since the early 1990s, Sweden and Finland
have taken leading roles in the devdopment and applicaion of information and
communications technologies, and enjoyed remarkable success in knowledge based sectors.

'For a more comprehensive discusson about the relevance of the Scandinavian
development modd for today's developing countries, see Blomstrom and Médller, eds. (1991).
This volume aso points to the importance of politicd and demographic factors in long run
growth.
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For ingance, the Swedish firm Ericsson and the Finnish Nokia are world leaders in the
telecom industry, and have accounted for amgjor share of the very significant export increases
recorded in the two countries during the past decade. Table 1.1 shows how the world market
shares of Sweden, Finland, and some other advanced countries in four broad industry groups
have changed from 1980 to 1996. The industry groups are distinguished by their leve of
technological sophigtication, ranging from high tech indudtries like tdecommunicetions and
pharmaceuticals to low tech sectors like wood and paper products. The most gtriking feature
of the table is the rapid growth of the Swedish and Finnish world market shares in the high
tech sectors. It is also notable that the fastest changes have occurred during the 1990s. As late
as 1990, computer and telecom products accounted for less than 7 percent of Swedish and
Finnish exports. By 2000, this share had increased to nearly 20 percent in Sweden, and 30
percent in Finland. This development is very encouraging for smal countries that are arguably
in ardatively weak postion in R&D intensve sectors were economies of scae are important,
but raises many questions regarding the explanations for the Swedish and Finnish success in
thisfidd.

Table1.1. Changesin world market sharesin broad industrial groups, 1985, 1990,
and 1996. Index 1980=100.

Technology level
High Medium high Medium low Low

1985 1990 1996 1980 1990 1996 1985 1990 1996 1985 1990 1996
Sweden A 91 130 0 86 0 120 129 111 98 89 80
Finland 100 167 32 A 82 93 87 103 121 86 7 69
UK 80 87 91 135 115 113 115 79 86 85 88 91
Germany 86 83 76 1117 140 138 127 113 139 104 115 97
Japan 143 122 107 93 107 91 95 112 9% 107 66 53
USA 98 0 86 89 103 92 9 128 106 20 92 102

Classification of industries

High technology: pharmaceuticals, computers, telecommunications egqui pment, aeroplanes.
Medium high technology: chemicals, machinery, electronics, transport equipment, instruments.

Medium low technology:  petroleum, plastics, stoneware, steel, metal products, shipbuilding.

L ow technology: food products, clothing and textiles, wood products, paper and pulp, printing.
Source: M. Hultin (2000), “Internationell handel, en mgjlig tillvaxtmotor!” in Svenskt naringsliv och
naringspolitik 2000, Nutek, Stockholm. based on the OECD-STAN Database 1998.

The present report aims to describe and anayze the evolution of industrid competitivenessin
Sweden and Finland in a long-term perspective, with some focus on lessons for growth and
development dtrategies in today’s developing countries. It consists of four substantia chapters
in addition to this introduction. Chapter 2 looks at the foundations for indudtrid take-off in
Sweden. The focus is on Sweden, for good reasons. Swedish economic development has
progressed in a remarkably steady fashion during the past 100 or 150 years — the average
annual GDP growth rate has been around 2 percent, with few booms and depresson. The
main explanations are that Sweden managed to stay out of the two world wars, and that
politica development has been very stable, with few (if any) dramatic changes in economic
policies. Finnish development, by contrast, has been rocked not only by the Second World
War, but dso by a civil war, along period as a Grand Duchy under Russan rule, and many
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decades under the shadow of the Soviet Union. This notwithstanding, most of the factors
underlying Swedish indudridization are found in Finland as well.

Chapter 3 turns to a more detailed description of the development of the Swedish forest
industry in ahistorica perspective. The focus in the first part of the chapter is on identifying the
factors facilitating the initid take-off and the subsequent diversfication from smple timber
exports to more advanced products like pulp and paper. Some of the main findings are related
to the successful trandfer of foreign technology to Sweden, and the development of universities
and other indtitutes for education and training of labor. The same conclusions apply aso for
Finland. The chapter aso outlines the gructure of the Swedish forest industry cluster in the
early 1990s, with some emphasis on one aspect that has seldom received sufficient attention in
the internationd debate: the inditutions supplying knowledge and sKills to the industry. We
argue tha the inditutiond network is one of the mgor determinants of the continuing success
of the Swedish forest industry, and that many of the problems in e.g. the sawn wood products
industry are related to weaknesses in the industry’ s knowledge indtitutions. The description of
industry structure is centered on the early 1990s, when the importance of the forest industries
in the national economies arguably reached a peak. Thefinancid crissthat hit Sweden in 1992
and the EU accession in 1995 had a profound impact on the forest indugtries, and the rapid
sructurd adjustment that started around this time complicates the description of developments
in these indugtries during the second haf of the 1990s. The Structure of both the pulp and
paper industry and the wood products industry has changed dramaticdly as a result of
international merges and acquisitions, and the short run business environment has aso been
profoundly affected by events such as the Adan criss and the large fluctuations in exchange
rates towards the end of the 20™ century.

Chapter 4 discusses the drategies of the forest industries during the 1990s. It is clear
that the relaive importance of the raw materid based sectors diminished during this decade,
while the “knowledge based” industries have expanded. However, one of the conclusions of
this chapter is that even seemingly smple activities like pulp and paper production need to be
knowledge based in order to remain competitive in achanging internationa environment.

In Chapter 5, we shift our atention to the factors underlying the success of the
telecommunications industry in Sweden and Finland, which has taken over as the drategicaly
most important sector, at least in a short and medium run perspective. Although the chapter
will discuss both countries, the focusis on Finland, since Nokia s breskthrough has been more
aurprising than Ericsson’s (which emerged as a world leader in the telephone industry aready
a the end of the 19™ century). The tentative conclusion from this chapter is thet the industry’s
suceess is a mix of sysematic knowledge creation and random technologica innovation.
Although it is impossble to plan mgor technologica breskthroughs, such as the digita
telephone exchanges underlying the GSM cdllular phone systems, we argue thet it is possble
to create an environment where firms or entire industries are well postioned to adjust to
changing conditions and to benefit from innovations and market opportunities.

Chapter 6 provides a conclusion and restates the main findings of the report.



2. CREATING A BASE FOR INDUSTRIALIZATION: THE SWEDISH
EXAMPLE.

During the 100 years from 1870 to 1970, Sweden developed from one of the poorest
countries in Europe to one of the richest and most advanced economies of the world. This
development was fudled by the growth of severd raw materid based industries: sawn wood,
pulp and paper, iron ore, stedl, and grains were the most important ones. In this part of the
report, we summarize some of the factors contributing to the Swedish industria breskthrough.
The purpose is to highlight two central observations. Firgly, much of Swedish growth and
development has been determined by factors that have little to do with domestic policies, such
as foreign demand for Swedish products. Secondly, when domestic policies or decisions have
been important, they have typicaly influenced indtitutions, education and learning. These
obsarvations are relevant adso for the present debate on development strategies, since they
suggest what type of policy interventions are possible and desirable.

Section 2.1 points to some important prerequisites for the Swedish indudtridization
process, while Section 2.2 goes on to describe the indudtrid breskthrough, with some
emphasis on the role of technology transfer and the creation of domestic competence.

2.1 ThePrerequistesfor Industrialization

Mog studies of Swedish economic history suggest that indudtridization commenced around
the middle of the 19th century, and that the real take-off occurred some decades later, during
the 1870s and 1880s. However, the Swedish economy had begun to change aready from the
beginning of the 19th century, and the transformation laid a necessary foundetion for the
subsequent indudtridization process. This foundation was, to some extent, created through
conscious policies in agriculture and education, but exogenous technica changes dso played
an important role.

Agriculture

The most sgnificant changes took place in the agricultural sector. Up to the end of the 18th
century, Swedish agriculture had relied on archaic production techniques, and harvests were
barely sufficient to feed the population. Famines were not uncommon: the last wide-spread
famines occurred in the early 19th century. Three main changes contributed to a transformation
of agriculture that began around 1800, and continued through the 19th century.

Firgly, the structure of land ownership was reformed. Traditionally, the land holdings of
rurd families had been divided into severa separate srips of land, dispersed around the
village. The purpose was to make sure that farmland of different quality was digtributed fairly
among dl families belonging to the village. However, the fragmented ownership pattern dso
contributed to inefficiency and dow diffuson of innovations, snce dl production decisons -
including adoption of new technologies - had to be coordinated among the village members.
To overcome these obgtacles, land reforms were undertaken in most parts of the country
during the first decades of the 19th century. The traditiona ownership pattern was broken up,
and land was redigtributed so that each farm got one larger plot instead of the many separate
pieces (see further Carlsson, 1980). In some parts of the country (especialy in the more fertile



southern regions), this dso meant that the villages were broken up: the peasant families moved
their houses from the village to the center of their own plot of farmland.

Secondly, new production techniques were adopted, and agriculturd productivity
increased. This was partly a result of the land reforms — diffuson of new techniques became
faster when it was not necessary to convince the village mgority about adoption of new
practices — but it was a0 related to technica progress in the machinery industry. The most
important innovations during the early part of the century were better ploughs, and after the
1850s maachinery for sowing, harvesting, and threshing aso became widely used. Furthermore,
increasing use of fertilizers made more intensve cultivetion possible.

Thirdly, potato became the new staple crop. It had been introduced to Sweden severa
centuries earlier, but its breakthrough did not come until the end of the 18th century. Potato
was well suited to Swedish conditions, and it yielded larger harvests than the traditiona staple
foods, beets and turnips.

One result of the changes in the agricultura sector was a marked improvement in food
supplies. Together with improvements in medicine (and a long period of peace beginning in
1809), this led to rapid population growth. During the first 60 years of the 19th century, the
Swedish population increased from 2.3 million to about 4 million. The area of farmland grew
from 1.5 million hectares in 1800 to 2.6 million hectares in 1850 and 3.6 million hectares in
1900 (Larsson, 1991, p. 28). Agricultura productivity grew continuoudy, and output sufficed
to feed both the farmers and a growing urban population. In fact, Sweden became a significant
exporter of cereals in the 1850s. This is remarkable, since the country had been a seady net
importer of grains until the 1830s.

It is hardly possble to over-emphasize the importance of the improvements in
agriculturdl productivity for Swedish indudridization. The higher productivity fecilitated the
transfer of labor to urban occupations, and made possible exports that generated capital for
investments in forestry and manufacturing. The increasing rura incomes aso trandated into
demand for the goods produced in the emerging manufacturing industries.

Education and Human Capital

Another important development that had commenced before the advent of indudtridization
was an improvement in the leve of education and human capitd. Like the inditutiona changes
in agriculture, this was dso a result of conscious policies. Both formd and informa types of
educeation and training were supported by the state and some private indtitutions.

At the summit of the forma education sysem were the old universities in Uppsda and
Lund, established adready in the 15th and 17th centuries. These expanded throughout the 19th
century, with heavier emphasis on the natura sciences than earlier (when law and theology hed
been the dominant subjects). Inditutions for advanced technica education were founded
during firgt half of the 19th century: both the Technological Inditute in Stockholm and the
Chamers Technicd School in Gothenburg, which later became the country’s first technica
universities, were established in 1820s. The universties and the technical schools played a
centra role for the cregtion of new technology. Many of the successful Swedish innovations
that emerged towards the end of the 19th century were made by people educated in these
indtitutions, aswe will discussin closer detall later.

Theintroduction of a mandatory school system in 1842 was also crucia for the crestion
of a skilled human capital base and for the dissemination of technologies. The officid ambition
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was to guarantee basic sKkills in reading, writing, and arithmethics to dl citizens, and literacy
rates reached nearly 100 percent within one generation. This was essentid for the ability of
individuds and firms to learn and adopt new technologies. much eementary learning and
technology transfer was based on written instructions, like blue-prints and handbooks.

Parale to the development of forma educeation, there aso gppeared other inditutions
that were involved in development of technology and industry. The Royd Swedish Academy
of Science dated back to 1739, and the Swedish Ironmasters Association was established in
1747. The Ironmasters Association, which was partly sate-financed, was particularly
important for the transfer of foreign technology to Sweden. The Association darted the
publication of the mining science journd Annalerna in 1817, and financed a very large number
of foreign study trips made by Swedish engineers and scientists, requiring detailed written
reports that were made available to the rest of Swedish industry. New engineering workshops,
like Motala Verkstad, established for the congtruction of lock-gates and iron bridges for the
Gota cand network in the early 19th century, were aso indispensable as training centers. In
addition, it is necessary to note the importance of labor migration. Swedish engineers were
often trained and educated in Grest Britain and Germany, and important contributions were
made by severd British engineers that immigrated to Sweden (Schon, 1982). Ahlstrom (1992)
argues that Sweden possessed the fundamentals of a modern engineering industry aready by
about 1850, as aresult of this development of technica skills and competence.

Protoindugtrialization

The indudtridization process was a0 facilitated by the development of primitive manufacturing
activities - a kind of protoindudridization - which had begun severd centuries earlier. Unlike
the changes in agriculture and education, these activities were not part of any explicit policy to
srengthen productivity or technical progress, but they provided vauable skills and expertise
for theindudrid era

Onetype of industria operation that existed before the 19th century had grown from the
Swedish army’ s procurement of supplies and equipment. Cloth, uniforms, weapons, utensils,
tobacco, and acohol were produced by so caled “manufaktur” companies, and these were
relaively large, athough their production methods were primarily based on handicrafts. Yet,
they provided some eements of indudtrid culture, and the towns where the “manufaktur” firms
were located had an advantage over other locations after the advent of the industria
revolution.

Due to the highly seasond nature of Nordic agriculture, the rura households hed
traditionaly produced sgnificant amounts of handicrafts during the winter months lesther
goods, textiles, shoes, and smple tools were made by most families. After 1800, this
production increased and became more specidized, both because of population growth and
incressesin agriculturd productivity, and because demand was growing due to higher incomes.
In some parts of the country, merchants purchased a large share of the output, and they
sometimes commissioned the production of entire villages. The main sgnificance of this type of
activity may have been the devdopment of commercid skills. As modern technologies for
production of textiles became available after the middle of the 19th century, the Swedish textile
factories were often established by merchants who had been involved in the trade with
handicrafts.



A related development was gpparent in mining and forestry. Swedish producers had
grong postions in the European markets for copper, iron, and tar dready from the 17th
century, and it has been argued that one of the most important skills learned during the early
years was international marketing (Halvarsson, 1980, p. 13). Merchants and traders were
involved in the establishment of many of the ironworks and sawmills that emerged because of
good export opportunities during the 19th century. Hence, some important elements of
indugtrid culture were in place dready before industry was.

2.2 Thelndugrial Breakthrough

The industrid breskthrough was largely based on the progress in agriculture, education and
skills, and handicrafts discussed above, but it was triggered by severd other events that
occurred more or less smultaneoudy around 1850. These were related to increasing foreign
demand for Swedish products, and to technical innovations, the continuing development of
kills and competence in Sweden's emerging indudtria sector, and some important ingtitutiona
changes.

Exports.

The most important reason for the inception of Swedish indudtridization in the 1850s was a
boom in foreign demand for Swedish products. Export demand continued to be a mgor
determinant of industrid development throughout the century, dthough the domestic market
took the lead towards the 1890s. The early stages of the Swedish industry’s growth was
fudled by exports of smple products like sawn wood (and ceredls), whereas more advanced
commodities like pulp and paper and iron ore became the main exports later on.

Exports of cereds were of tremendous importance for the industridization process,
athough their origin was in the agricultura sector rether than in manufacturing, and dthough the
era of cered exports lasted only from the 1850s to the 1880s. One reason was that the
expangon of agriculture during these three decades provided employment for the increasing
populetion & a time when industry was not sufficiently developed to absorb enough
employment. Another reason was that exports brought in large amounts of capitd, which were
used to finance important parts of the early industria expangon.

Sweden had been a net importer of cereds until the 1830s, as noted earlier, and exports
were gill limited during the late 1840s, reaching some 40,000 barrels annudly. At the pesk,
30 years later, exports had grown to 4 million barrels per year (Carlsson, 1980, p. 212). The
reasons for the cered boom were largely to be found outside of Sweden. Demand was high,
especidly from England, where the industridization process had taken off, and domestic cered
production was not sufficient to feed the growing urban population. Bad harvest in England
and elsewhere on the European continent during the early 1850s increased demand further. At
the same time, Swedish harvests were unusualy plentiful. Moreover, the leading European
cereal exporter, Russia, was hit by the Crimean War in 1853-56, and Russian exports ceased
amost completely.

The successful Swedish response to these new export opportunities was a combination
of the flexibility of the agricultural sector (that had been cregted by the indtitutional changes in
the structure of land ownership) and the gppearance of various technica innovations that
increased productivity, e.g. machinery for sowing, harvesting, and threshing. Sweden managed
to hold on to large shares of the English cered imports until the 1880s, but the trade
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disappeared as suddenly as it had emerged after that. The reasons were that Russian exports
resumed at large scale, and the United States emerged as the new leader when the Great
Plains had been taken into production.

From the middle of the 19th century, there was dso an increase in the demand for forest
products - mainly pit props and sawn wood - that was fed by the English urbanization.
Swedish exports of sawn wood products had been insgnificant before the 1840s, for severd
reasons. Norway was a stronger exporter, both because of shorter transport costs and
because the technica level of Norwegian sawmills was higher. In addition, the English
Navigation Acts gave preferentia treatment to Canadian producers (Carlsson, 1980, p.
218). However, the dtuation changed very repidly in the early 1850s. The English import
protection was abolished, and the Norwegian forest resources were over-exploited, which
gave ample opportunities for Swedish wood exporters to step in. Other factors that facilitated
the export success were of an indtitutiona or technica nature. Most importantly, the Swedish
dtate had restructured its forest holdings some years earlier. Large amounts of forest land had
been digtributed to private owners, especialy in Southern Sweden, and the structure of forest
ownership had been registered. This meant that property rights were wel defined, and the
private owners were in a postion to respond rapidly to the increasing export demand. There
were aso some technica improvements, as steam-powered saws were introduced, and the
sawvmills became more efficiently organized, after Norwegian modds. In fact, severd
Norwegian firms moved to Sweden, because of the dwindling forest suppliesin Norway.

As a consequence, exports of sawn wood increased from less than 200,000 n? in the
1830s to 4,800,000 n7 at the end of the century. In the 1870s, wood products had grown to
make up 43 percent of Swedish exports (Hallvarsson, 1980, p. 14).

Later on during the 19th century, there were new export booms, for pulp and paper and
iron ore. Exports of pulp and paper began growing towards the end of the 19th century, and
Sweden had become the world's largest pulp exporter by 1913. However, this expansion
differed from the sawn wood boom in severd ways. Sawmilling had been an easy gart, Snce
the capita requirements were low and the technology was smple. Pulp and paper production
was sgnificantly more capitd intensve and technology intensve, and posed much gricter
requirements on domestic inditutions and technological competence than sawmilling had done.
Domedtic palicies were also much more important for the success of the industry. Thanks to
the devdopment of a reatively efficient banking system, profits from sawmills could be
channded to finance the expansion of pulp and paper mills. The development of domestic
technologica capability had aso proceeded far enough to alow production and exports of
more advanced goods. In fact, Swedish inventors had taken the lead in the development of
pulp technologies, and the world's first chemica pulp factory was established in Bergvik, on
the coast of Norrland, in 1872.

The mining industry that started expanding during the last decades of the century was
aso heavily dependent on modern technology. Table 2.1 illustrates the changes in the Structure
of Swedish exports between 1881-85 and 1911-13. The relative importance of sawn wood
and ceredls fell, whereas more advanced products, like pulp and paper, engineering products,
and iron ore became more important.

Table2.1. The structure of Swedish exports 1881-85 and 1911-1913.



1881-85 1911-13

(per cent) (per cent)
Sawn wood 40 26
Iron and stedl 16 9
Ceredls 12 1
Butter 6 6
Pulp and paper 5 18
Engineering products 3 11
Iron ore - 8
Other 18 21
Total 100 100

Source: Larsson and Olsson (1992), Table 3.

Domestic Demand.

The driving force behind the early stages of industria development, during the 1850s and
1860s, was undoubtedly export demand. However, the domestic market became gradually
more important, partly as a result of explicit policy intervention. One example was the
development of the domedtic infrastructure. The heavy investments in ralroads (especidly
during the 1870s) and the introduction of eectric energy (from the 1880s) made it possible to
specidize production and transport raw materials and finished goods across the country. The
earlies indudtrid developments, in eg. sawmills, had relied on waterways, but now a more
genera indudtridization, based on the domestic markets, was possible. The demand for meta
and wood generated by the condruction of infragtructure facilities, mainly ralroads, adso
gimulated domestic demand.

Anather reason for the heavier emphas's on the home market was more directly related
to policy. The export booms during the early stages of the industridization process took place
a atime when economic liberalism and free trade ideologies reached afirst pesk. This meant
not only that Sweden could freedly sdll primary products to the rest of Europe, but dso that
Sweden imported much of advanced consumer and invesment goods from the indudtrialy
more developed countries in Europe. These policies changed from the late 1880s, when a
wave of protectionism swvept over Europe. Both agriculturd and industrid imports were
restricted, and the average tariff level in Sweden before the First World War reached about
15 percent of vaue added. A further sign of the changing policy climate was the introduction
of policies to limit foreign ownership of Swedish resources. Earlier, foreign participation and
investment had been welcomed. This meant that domestic markets became more important,
snce smilar developments occurred in the rest of Europe aswell.

One can only speculate about the significance of the timing of policy regimes. It gppears
that Sweden was fortunate, in that the inward-looking policies were not introduced until there
was a firm base for domestic development. Agriculture had expanded and the increased
productivity created incomes and demand for various types of consumer goods. Technologica
skills had been developed, which facilitated the crestion of a variety of import subgtituting
industries. The export success had brought in foreign capital, and a foundation for a more
comprehengive indudtridization was in place. These dements have not been in place in most of
the developing countries where inward-looking policies have faled during the 20th century.
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Technical Innovations

In addition to the exogenous changes in foreign demand for Swedish products, there were
exogenous changes in technology that had a heavy influence on the direction of Swedish
indudridization.

In the metd industries, Siweden had held a strong position in the internationa market for
severd centuries. The main export product until the middle of the 19th century was bar iron.
The production of iron was grictly controlled by the tate, in order to avoid deforestation and
degradation of forest resources: the industry used massive amount of timber, in the form of
charcod. It has been estimated that mining industry’s use of wood was 4-5 times larger than
wood exports as late as 1854. Hence, exports of iron ore and pig iron (which were low vaue
added products) were restricted.

The drict rules were liberdized in 1850s, when technologica innovations - the
Bessemer and Martin processes - made it possible to use coa and coke instead. However,
the Swedish production and exports of iron and iron ore stagnated during the decades after
1850, because the comparative advantage of the Swedish iron industry had been the abundant
supply of charcod. Instead, coke and coad based sted production in continental Europe
increased rapidly. It was not until the so-called Thomas process was introduced that the
industry started recovering. It was known since centuries that there were rich iron ore deposits
in northern Sweden (Lappland). These had not been exploited earlier because of their high
content of phosphor, which made the stedl weaker. Now it became economicaly viable to
develop the industry, and new ironworks were established. Production of sted for domestic
use increased rapidly, but exports of sted remained low. Instead, iron ore was exported
directly to the main iron and sted plantsin Germany and Grest Britain.

The development of mechanicd and engineering indudtries, which darted during the
latter part of the 19th century, was aso driven by technologica innovations, but these were
more directly connected to domestic capabilities and skills. Especidly the 1880s proved to be
a golden decade for Swedish industry, when severa path-bresking innovations were
presented, and when indudridization redly took off: the number of industrid workers
increased by 66 percent between 1880 and 1889 (Hallvarsson 1980:9).2

Examples of long-lived Swedish firms that were established during the late 19th century
or the firgt years after the turn of the century are Ericsson, Alfa Lavd, ASEA, AGA, Nobd,
and SKF. The exceptiond performance of these firms has been based on the ability of
Swedish industry to create, adapt, and disseminate new technologies. The development of
ingtitutions for science, technology and education has made up the foundation for this kind of
SUCCESS.

Science, Technology, and Education

The firg technicd univerdties of Sweden date back to the early parts of the century. The
Technologicad Ingtitute in Stockholm was founded in 1826, and it became the Roya Inditute
of Technology in 1877. In Gothenburg, the Chamers Technicad School was established in

%Y e, agriculture was gl the dominant activity. It was not until about 1900 that the GDP
share of manufacturing equalled and eventually surpassed that of agriculture, and agricultura
employment remained larger than manufacturing employment until the 1930s (Jorberg, 1984,
pp. 9-10).
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1829, and it provided scientific and technicad education at a university level dready from its
inception, athough it was not formaly named a Technica Universty until 1937 (Ahlstrom
1992:4). Concurrent with the development of specidized ingtitutions for technical educetion,
there was aso an expanson of the naturd sciences at the universities in Uppsala and Lund,
and it has been argued that the great increase in the number of professoria chairs between
1870 and 1914 was of “immense importance’ for the industrid breskthrough (Ahlstrém,
1993:38).

Technica colleges were established in several Swedish cities - Mamo, Boras, Orebro,
and Norrkdping - during the 1850s. From the middle of the century and onwards, numerous
vocationd training schools were aso set up in various parts of the country, to number about
35 at the end of the 19th century and 66 in 1908-1909 (Ahlstrém, 1992, p. 7). The guild
system was abolished in 1846, and these schools quickly began to replace apprenticeships as
the main form of vocationa education. Mot of the vocationa schools depended on private
initigtives, dthough some were financed by the sate. Among the latter were nautical training
schools (from 1842), forestry secondary schools (from 1860), and agricultura colleges (from
1887) (Nilsson and Svard 1991:5).

Among the other indtitutions that were involved in the cregtion and dissemination of ills
and knowledge, we have aready mentioned the Royal Swedish Academy of Science and the
Swedish Ironmasters Association. Several new organizations emerged during the 1860s, e.g.
the Swedish Asociation of Engineers and Architects and the Stockholm Engineering
Asociation. The Swedish Academy of Engineering Sciences, the Wood Pulp Association,
and the Swedish Indtitute of Metal Research were added during the 1910s. These indtitutions
were closgly in touch with scientific research and technical education, and they played - and
continue to play - asgnificant role for the diffuson and dissemination of technica ills.

It is difficult to find accurate measures of the importance of these different types of
investment in skills and human capital. However, it is dear that the supply of skilled increased
geadily from the 1850s. The number of engineers educated a the higher technica ingtitutes
amounted to about 700-800 in 1850, and some 2,000 in the late 1890s. The number of
engineers with secondary education also reached about 2,000 at the end of the 19th century
(Ahlstrom 1992: 9).

Moreover, the founders and leaders of severa of the most successful Swedish
companies were educated at the technica indtitutes and had received foreign training that was
paid by the state or some of the ingtitutions discussed above. For instance, Hans Tore
Cedergren, who played a centrd role for the emergence of the Swedish telephone industry,
and Gudtav de Lavd, founder of AB Separator in 1883 (known as Alfa-Lava from 1963)
were educated at the Technologica Ingtitute of Stockholm. Gustav Dalén, manager and chief
engineer of AGA, was a graduate of Chamers, and Sven Winquist, founder of SKF, had been
educated a the technical college of Orebro. Lars Magnus Ericsson, the founder of the
telephone company gill carrying his name, had received sate grants for studying the dectrica
engineering industry in Germany and Switzerland company, as had most other leading
indugtridigts in the country.

Ahlstrom (1992, 1993) argues that the successful innovators and entrepreneursiillusirate
that there exised a network between the technica inditutions, industry, and government
dready from the middle of the 19th century, and that this contributed Sgnificantly to the
success of Swedish indudtridization. The networks were of centra importance for the
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development of industry, especidly after the 1880s, when products became more
differentiated and goods such as pulp, paper, and engineering products became more
important. Until the inter-war period, these networks subgtituted for speciaized research and
development departments in many firms.

The importance of education and labor skills for industrial success has not diminished
gncethe early era of Swedish indudtridization. On the contrary, the increasing supply of skilled
labor has generally been consdered as one of Sweden’s main comparative advantages during
the last decades. Apart from a well-developed educationd system of the classcd type,
attention has dso been cdled to the existence of large scae vocationa education programs
(Nilsson and Svard 1991).

Swedish vocational education dates back to severad schools started during the 19th
century, as we have noted above. Y et, the real growth in the areadid not start until the 1920s,
when the state became more engaged in the provision of vocationa education. The number of
people involved in vocationa training programs increased rgpidly during the 1920s and 1930s,
partly because of persstent unemployment: specia courses were arranged for unemployed
youths. However, the system was criticized because the courses focused more on upholding
the mora of unemployed people than on useful vocationd skills (Nilsson and Svard, 1991, p.
6). From the 1940s and 1950s, however, the system changed. There was a shift from manua
to more intellectud skills, which meant that most courses included generd educetion as well as
gpecific training, and full-time courses became more common. The quantitative exploson of
vocationa education can easily be illustrated with some figures. In 1950, some 15,000 people
graduated from full-time vocational courses lagting at least one semester. By the late 1960s,
the number had increased to over 100,000 (Nilsson and Svérd 1991:18).

I ngtitutional Change.

Severd of the indtitutional changes that contributed to the indudtriad revolution have dready
been mentioned, e.g. the establishment of property rights for forest land, trade policies, and the
support to education and science. Another notable reform was the introduction of Limited
Company laws in 1848. This made it possible to raise more capita and take risks, which was
necessary as the rate of technical change increased during the second haf of the century.
Earlier, most firms had been owned or &t least dominated by one single family, and the owners
were persondly responsible for the firm's debt (Larsson, 1991:32-33). Limited companies -
where the owners stake was limited to their share of the firm's initid capitd - employed 45
percent of the industrid labor force in 1872, and 80 percent of the labor force in 1912
(Hallvarsson, 1980:19).

Moreover, credit markets and banks emerged during the second haf of the 19th
century. The development of the banking sector was supported both by the export booms and
by the congtruction of the Swedish railroad network. The railroad system was largely financed
with foreign capita, and severa of the larger commercid banks were employed by the state to
sl Swedish government bonds abroad. At the end of the 1870s, the Swedish financid system
comprised 35 commercid banks with officesin 160 cities, which was comparable to the most
highly developed nations in the world (Larsson and Olsson 1992). It is interesting to note that
the foreign debt built up to finance the domegtic infragtructure investments was comparable to
the present debt burden of many developing countries. For instance, the interest payments to
foreigners amounted to 10 percent of export vaue in 1908 (Halvarsson 1980:26). The
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eventua repayment of the debt also illustrates the importance of chance and luck for long-term
development. Mot of the debt stock was denominated in German marks and French francs,
and the heavy depreciation of these currencies after the first World War reduced the vaue of
the outstanding liabilities to very modest amounts.

*The importance of chance is aso reflected by the sizable Swedish migration to America
during the second haf of the 19th century. This made it possible to urbanize at a rate that was
consstent with industrid development. It is estimated that a quarter of the Swedish population
(2.2 million people) emigrated between 1850 and 1910. As a result, Sweden avoided the
worst problems related to rurd poverty and mass unemployment: it is dso likely that this
helped avoid politica problems caused by polarization between left and right. See further

Haavisto and Kokko (1991).
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3 THE SWEDISH FOREST INDUSTRIES

Although Swedish sawmiills had felt the increesing demand from England dready during the
fird haf of the 19th century, the breskthrough for the wood industry did not come until the
middle of the century, as noted earlier. Up to that time, Swedish exports had been hampered
by the compstition from Norwegian sawmills, and by the British Navigation Acts which
favored Canadian producers. When British imports were liberalized around 1850, Sweden
became the major supplier: Norwegian exporters were not able to expand production because
of short supplies of raw materias, and Canadian producers were more expensive because of
the longer transports.

The first steam-powered sawmills were established at this time. The early development
of the industry benefited greatly from contacts with the internationa economy. Much of the
industry’s technological development was driven by the relations with Norwegian firms and
technicians, and a significant share of the investment capitd was raised in England. Severd of
the individua entrepreneurs were adso of foreign origin, and established long-lived firms such
as Ljusne and MoDo (Larsson, 1991, p. 37). However, the new technologies did not change
the overdl sructure of the sawmill industry very much. Mogt mills were smal and remained
water-powered until the 1880s, because few of the owners were willing to undertake the
necessary investments. Moreover, there were no changes in the geographical distribution of
sawmills, dthough the introduction of steam-powered saws would have made it possible to
locate saw mills dsawhere than at the maor rivers. The reason was that the raw materid, the
timber, was ill trangported adong the old waterways. The development of the Swedish
rallway network during the 1860s and 1870s had a stronger impact on the industry, since it
facilitated the etablishment of many new sawmillsin the inner parts of the country.

Hence, the sawmill industry expanded rapidly in the eastern and northern parts of
Sweden during the 1860s and 1870s, but growth dowed down during the 1890s. The main
reason was a shortage of raw material. From the 1860s, sawmills had to begin competing with
the paper and pulp industry for raw materid. A first growth period for the pulp industry, up to
1890, was based on mechanica wood pulp that was produced mainly in southern and western
Sweden. However, the chemica pulp (celulose) industry, which emerged during the 1890s,
was largely based in the northern parts of the country. The pulp companies were much larger
than the sawmills, and many of them had purchased large amounts of forest land from farmers
in Northern Sweden during the preceding decade. Many of the smdler sawmills therefore
encountered problems in securing their raw materid supplies. These problems led to the
cregtion of a comprehensve legal sructure for the forest sector. In 1903, laws were
established to guarantee re-planting, and to ensure that fellings would not exceed the growth of
the timber stock. In 1906, a law was passed to redtrict the forest industry’s further land
purchases.

The development of the forest industry during the inter-war period was unstable. Most
firms had invested heavily in new capacity during the brief boom after the first World War, but
prices turned down dready in 1920. Consequently, many firms were caught with both debt
and overcgpacity. This crigs resulted in some restructuring of the industry, because few of the
old-fashioned family based companies managed to generate the resources to bring them over
the depression. Hence, many of the smaller companies were forced out of business or taken
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over by larger firms. Another important development during the late 1920s was an increasing
emphasis on paper and pulp, mativated by wesak productivity in smple sawmilling operations.
This period saw the beginning of the “integrated forest firm”, with operations in severd of the
forest industries - pulp and paper, timber, sawn wood, boards, and so forth.

The financid problems of many of the smdler companies dso paved the way for
considerable concentration of the pulp industry. Ivan Kreuger, who had established Swedish
Match during the Firs World War, gained control over alarge share of the forest industry in
the northern parts of the country. His ambition for the new large firm, SCA, was to become
the price leader for an internationd cellulose cartel. However, the attempt failed in a crash that
culminated with the suicide of Kreuger, but the company SCA remained fairly intact and il
holds a leading position in the Swedish forest industry.

The Second World War hurt the Swedish forest industry, since the export markets
disappeared. A short upturn in prices and exports during the early 1950s was followed a
stagnant development until the mid-1960s. The week market development mandated severd
changes for the industry. Paper increased its share of production and exports. Many of the
remaining loca sawmills were aso forced out of business, and there was some concentration
in the industry. However, the main dements of the industry sructure established during the
inter-war period - with a reatively smal number of large integrated firms in sawmilling and
pulp and paper - remained largely intact. By the mid-1960s, the largest producers of sawn
wood were SCA and the state owned company ASSI. The largest pulp and paper producers
were SCA, MoDo, and Stora Kopparberg. As we will see later on, these are ill the
dominant actors.

The improvement in the business climate for the forest industries during the mid-1960s
led to large productivity gans through mechanizetion and rationdization of operations.
However, the boom ended with the firgt oil crisis, and the development of prices was largely
negative during the mid-1970s. The companies with small own holdings of forest were hardest
hit by the recession: forest owners were Ssmply not willing to sdll raw materid, athough timber
prices did not fal a the same rate as prices for finished products. The Stuation did not
improve until the early 1980s, with the upturn in the international business cycle. The 1980s
adso witnessed a new phenomenon, namey a comprehendve internaiondization of the
Swedish pulp and paper industry. The industry’s strategies during the past couple of decades
have aimed to increase the degree of processing and vaue added of the fina products. This
has required close contact with customers in the European market, and a large number of
foreign firms manufacturing paper and paper products have been acquired. By the early
1990s, Swedish forest companies had established nearly 200 subsidiaries in the rest of
Europe. The sawmill industry remains more domestic, athough increased value added and
more advanced products are also mgjor strategic objectives.

By 1990, the forest industry - producing sawn wood, prefabricated houses and building
joinery, wooden furniture, pulp and paper, paper products and various other goods -
accounted for some 15 percent of vaue added and employment in the Swedish manufacturing
sector, and 20 percent of the sector’s exports. In addition to the 107,000 people directly
employed in the forest industry, suppliers of investment goods and inputs, transport
companies, and service industries employed another 75,000 people, and about 40,000 were
engaged in the forestry sector.
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The remainder of this chapter provides an overview of the Structure of the Swedish
forest industry around 1990. The first section describes the Swedish forestry sector, with
some comments on ownership structure and the lega framework, and the second section goes
on to examine the two main product groups in the industry: sawn wood products, and pulp
and paper. Section 3.3 presents the inditutiond framework for the generation and
dissamination of the knowledge and kills that are used in the industry: as noted earlier, this
cluster is perhaps the most central determinant of the Swedish forest industry’s competitive
advantages. A brief discusson about related industries - machinery and trangports - is
provided in section 3.4.

3.1. The Swedish Forestry Sector

More than 60 percent of Sweden is covered with forests. Pine and pruce are the dominant
tree pecies, with about 85 percent of the total, while birch accounts for 10-15 percent. The
northern part of the country, Norrland, has the largest timber supplies, but growth rates are
higher in the more intengvely managed forests in souther Sweden. The aggregate timber supply
has been estimated a 2.8 billion n?. The annua growth lies at about 100 million n¥, whereas
felling have fluctuated between 50 and 70 n7? per year over the past decades. Hence, timber
supply is increasing continuoudy, and it is today more than twice as large as a decade ago: in
debates with environmenta organizations, forest companies seldom fall to point out that the
growing stock is probably larger now than ever before.

About 10 percent of Swedish forests are owned by public authorities, which is a low
share compared to many other European countries. The share of forest industries is 40
percent, which is higher than esewhere in Europe - gpart from Swedish firms, only the Finnish,
Norwegian, and Spanish industries have any sgnificant forest holdings. The industry’s forest
holdings are concentrated to the largest pulp and paper companies - most sawmills and other
wood working industries do not posses any notable forest holdings. The remaining 50 percent
of the totd forest area are held by private owners. The average size of public and industry
holdings is very large, above 100,000 hectares, whereas the average private forest holding is
about 50 hectares. There are also some 60,000 private forest farms (corresponding to a
quarter of the total number of holdings) with less than 10 hectares of forest.

The large number of small forest owners is sometimes considered to be a problem. One
commonly heard argument is that transaction and coordination costs are likely to be high, and
the standard of foret management may be low, when the ownership sructure is very
fragmented. In paticular, it is mantained thet it is difficult to mechanize operations and
introduce rationa harvesting methods in smal forest farms (UN, 1986). However, the
ownership and size structure of Swedish forest holdings does not seem to have posed any
magjor problems for the management of forest resources, as withessed by the increasing tota
supplies. The mgority of private forests are relatively well managed, partly because the
forestry sector is strictly regulated by law, and partly thanks to fiscal incentives and training
and extension services provided by the public sector.

The laws in the forestry area were initidly (i.e. from their inditution in 1903) focused on
securing sustainable raw materia supplies, and the centra rules stipulated that fellings should
not exceed the growth of the timber supply, and that replanting should be undertaken after al
feling operations. Over time, the forestry laws have come to cover an increasing number of
objectives. Nowadays, environmental consderations are among the most important iSsues,
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dthough the laws aso am to guarantee a steady flow of raw materid to the forest industry.
For ingtance, al forest owners are required to prepare a forestry plan, outlining expected
thinning, fdling, replanting and other operations. Thinning is mandated to optimize growth
rates, and it is prohibited to use high quality timber for fue (Hultkrantz and Wibe, 1990). It
should be noted that the forestry regulations are of an extremely long-term nature, since the
regeneration time for most softwood species are between 80 and 120 years.

Although the ownership gtructure has not congtituted any mgor problem for forestry
management, there are some frictions in marketing. Many of the smdler private forest owners
(who have accounted for some 60 percent of the industry’s timber supplies during the past
decades) are not dependent on revenue from the forest, but have adso other sources of
income. Consequently, they may be unwilling to harvest when market conditions are bad, and
indead await better prices. During times of high inflation, it may aso be rationd for the private
owner to keep capitd in a growing forest rather than in other forms of wedth, with lower red
yield. Hence, ddlivery volumes may fluctuate widdy, depending on market conditions.

To avoid this type of voldility, the pulp and paper indudtry, in paticular, has tried to
segment the market. A large share of the industry’s raw material supplies is regulated through
long-term contracts with individua forest owners and regiona associations of forest owners.
Simultaneoudy, there is a gpot market to accommodate fluctuations in demand. This system
has managed to sabilize the raw materid flows, athough the price sengtivity of smdl, private
forex owners was illugtrated by ther unwillingness to harvest in the late 1970s, when
roundwood prices were unfavorable. However, the resulting raw material shortages affected
mainly the independent sawmills whose own forest holdings are limited, and forced market
reorganizations and price increases (UN, 1986, p. 28). To badance the market power of the
large pulp and paper firms and the forest owners associations, sawmills and other wood
manufacturers have been forced to establish cooperative purchasing organizations.

3.2. TheSwedish Forest Industries.

Table 3.1 summarizes some information about the Sze of the two main industry groups in the
Swedish forest sector in 1990: sawn wood products and pulp and paper. The sawn wood
products group includes sawmills and plants producing various types of wood boards and
plywood, building joinery, pre-fabricated wooden houses, and wooden furniture. The pulp and
paper category includes pulp and paper mills, and manufacturing of paper products such as
paper board and other packaging materias, stationery, tissues, and wall paper. It can be seen
that the pulp and paper group was largest in terms of sales and vaue added, dthough more
people were employed in the sawn wood products industry. The higher productivity in paper
and pulp is explained by the indudiry’s high capitd intengty: the invesments in new pulp and
paper mills are denominated in billions of Swedish kronor (SEK).
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Table3.1. The Swedish forest industry 1990: sales, value added, and employment.

Sales Value added Employment

Billion % of Billion % of ‘000s % of

SEK total mfg. SEK total mfg. total mfg.
Sawn wood 52.8 7.6 21.3 6.9 55.1 7.6
products
Pulp and paper 69.5 10.0 26.7 8.6 51.7 7.1
Total 122.3 17.6 48.1 15.5 106.7 14.7

Source: SCB Industry, Svensén (1992).

The vaue of the Swedish forest product exports in 1990 was SEK 66 hillion, while imports
amounted to SEK 12 hillion. Thanks to the large net exports, the forest sector made a larger
contribution to the Swedish balance of payments than any other industry. Table 3.2 shows that
the quantitatively most important export products were paper, pulp, and sawn wood products,
and it can also be noted that the only two categories where Sweden was a net importer were
roundwood and wood chips, and veneer and wood boards. Imports of roundwood and chips
have increased over time, due to low raw materid prices in eg. Russa and the Bdtic dates
after the fdl of the Berlin Wall. The imports of veneers consist largely of hardwoods that are
not available from domestic sources.

Table3.2. Exportsand importsof forest products 1990. (Billion SEK)

Exports Imports
Paper and paperboard 32.8 2.6
Pulp 11.4 0.7
Sawn wood products 11.0 0.6
Paper products 4.5 2.0
Recycled paper 0.2 0.2
Roundwood and chips 0.5 1.7
Veneer, wood boards 0.6 15
Wood furniture 21 15
Prefabricated houses 0.7 0.6
Other 2.0 0.8
Tota 65.8 12.2

Source: SCB Foreign Trade, Svensén (1992).

In aggregate terms, Sweden was the world' s third largest exporter of both pulp and paper in
1990 (with 12 percent of world trade) and sawn softwood products (with 9 percent of world
trade) as shown in Table 3.3. The mgor competitors were USA, Canada, and Finland,
dthough Russa, Brazil, Chile, and other developing countries have emerged as sgnificant
exporters in some product groups.
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Table 3.3. World production and exports of pulp, paper and paper board, and sawn
softwood productsin 1990.

Pulp
(million tons and per cent)
Production Exports
Quantity Share Quantity Share
Canada 22.8 14 6.5 27
USA 57.2 36 5.0 21
Sweden 9.9 6 2.8 12
Fnland 8.9 5 15 6
Soviet Union 8.4 5 0.6 3
Brazil 4.5 3 1.0 4
World 160.6 100 23.5 100

Paper and Paper Board
(million tons and per cent)

Production Export
Quantity Share Quantity Share
Canada 16.5 7 11.8 22
Finland 9.0 4 7.7 14
Sweden 8.4 4 6.7 12
USA 715 30 5.2 10
German 11.9 5 4.1 8
Japan 28.1 12 0.9 2
World 238.8 100 54.0 100

Sawn Softwood Products
(million m* and per cent)

Production Export
Quantity Share Quantity Share
Canada 58.0 16 40.5 50
USA 85.0 23 8.2 10
Soviet Union 87.7 24 7.7 9
Sweden 11.3 3 7.0 9
Finland 7.7 2 4.5 6
World 373.4 100 815 100

Sources. Pulp and Paper International, FAO Y earbook of Forest Products, Svensén (1992).

Below, we will look separately a the structures of the paper and pulp and sawn wood
products groups in the early 1990s, dthough it is occasondly difficult to account for the
distribution of resources between the different kinds of activities. Mogt of the leading Swedish
forest companies had integrated their operations, and owned and managed both sawmills,
paper mills, and various value added activities the largest Swedish firms - Stora, ASSI-
Domén, SCA, and MoDo - were dl involved in production of pulp, paper, and sawn wood
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products. In addition, the firms owned significant amounts of forest, which adds forestry as an
important activity.

Figure 3.1 shows the core of the Swedish forest industry cluster, and illustrates some of
the connections between the different types of activities. The figure depicts the flow of goods
from each of the mgjor product groups to customers a home and abroad, and a so the flow of
raw materias and intermediates within the cluster. The data on sales and resource flows (in
million SEK) are for 1987, since information for more recent years is not conveniently
available. Numbers in parentheses denote export shares.

Figure3.1 The Swedish Forest Industry Cluster
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Data are for 1987, in million SEK. Figures in parentheses denote export shares.
Source: DS 1991: 62.

Some of the linkages between the different parts of the industry are obvious. For instance, the
forestry sector’s sdes of timber are divided roughly equaly between sawmills and pulp mills,
but the two do not demand the same types of raw materid. The best roundwood is usudly
bought by the sawmills, whereas smaller trees, branches and waste from thinning and cutting
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operations are sold to pulp mills. In addition to the ddliveries from the forestry sector, Swedish
pulp mills aso buy sgnificant amounts of wood chips and waste from the sawmills. These
synergy effects explain why most of the leading Swedish forest companies operate both
sawvmills and pulp and paper mills. Smilarly, building joinery, house congruction, and furniture
production are naturd targets for sawmills aming to increase vaue added, while pulp mills
tend to coordinate and integrate their operations with paper mills and manufacturers of paper
and paperboard products.

In other cases, the connections between operations are more subtle. For instance,
product and process innovations in one industry typicaly affect both upstream producers and
other indudries. An example is the development of glue-lamination, which adlows sawmills to
use logs of samdler dimensons — smal logs were earlier demanded amost exclusvely by the
pulp industry. Changes in forestry practices, caused eg. by environmental concerns, may aso
lead to changesin downgtream activities. In dl, this means that the development of the different
indudtries is interrelated, and that generdizations regarding any specific industry must be
cautious. Yet, the sawmills and the pulp mills are a the base of two sub-sectors of forest
indudtries with dightly different characteristics. As we will see, the firms in the pulp and paper
group are larger, use more advanced technologies, and export more advanced products.

Pulp and Paper.

The pulp and paper industry produces a large assortment of different pulp and paper grades,
which are used for a variety of purposes, ranging from writing paper and newsprint to
packaging of liquids and hygienic tissues. Table 3.4 describes some of the most common
paper grades and their main end-uses.

Table 3.4. Paper gradesand end-uses.

Paper grade End-use

Coated woodfree High qudlity printing for advertizing, specid interest
magazines, and books

Uncoated woodfree Copying and duplicating, stationery, educationa writing
paper, and books

Coated wood-containing Specid interest magazines, mail order catal ogues,

(incl. LWC) inserts.

Uncoated wood-containing Mass circulation magazines, newspaper supplements,

(incl. SC and upgraded newsprint)  directories, paperback books.

Newsprint Newspapers.

Kraft liner and fluting Corrugated board, shipping cases, display packs.

Paperboard Consumer goods packaging, liquid packaging.

Sack paper, kraft paper Sacks, bags, and other packaging materials.

Cdlulose wadding, Wiping and cleaning products, persond hygiene

soft and crepe tissue products.

Source: UN (1986). p. 140.

Since the emergence of indudtria technologies for mechanica pulp production in the 1860s,
and the first chemica pulp mills in the 1870s, pulp and paper have grown to become the

22



largest product groups in the forest industry. The technology for pulp and paper production
has aso developed over time, and today, the industry must be counted among the most R&D
intensive sectors of the Swedish economy, in spite of the seemingly smple end products. Over
4 percent of the industry’s value added is devoted to R&D, in addition to the research efforts
that take place in the industry’s various research ingtitutes. Due to the industry’s high export
intengity, plant location is determined mainly by transport requirements. Hence, most pulp and
paper mills are found dong the coast line and the shores of lake Vanern, where shipping
facilities are conveniently available, as shown in Figure 3.2,

Figure 3.2 Digribution of employment: pulp, paper and paper products 1990.
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Pulp production went through remarkable structura changes during the decades after the
Second World War, as shown in Table 3.5. While Sweden had 127 pulp millsin 1960, there
were only 48 mills left in 1993. Y, tota capacity increased from 5.6 million tons to 10.9
million tons - the average plant size quintupled, from 45,000 tons to 225,000 tons.

Table3.5. Structural changein pulp production 1960-1993.

1960 1970 1980 1990 1993

Number of mills 127 98 72 54 48
Totd cgpacity (million tons) 5.6 8.9 105 11.2 10.9
Capacity per mill ("000 tons) 45 90 145 210 225

Source: Svensén (1992), Skogsindustrierna (1994).

The pulp industry’s product mix aso changed. Stricter environmenta regulations reduced the
production of sulphite pulp, and the smdler mills producing mechanica pulp aso disgppeared
for cost reasons. Instead, bleached sulphate pulp (which is mainly used for production of
printing paper and paperboard) become the main output, accounting for over 40 percent of
production. The importance of market pulp decreased sgnificantly, from 64 percent of tota
output in 1960 to 34 percent in 1993. This was a result of the two dominant trends in the
industry’s development. Firgly, a long wave of mergers and acquistions crested a smal
number of large, integrated pulp and paper companies, that used much of the pulp for their
own paper production. About two thirds of al pulp produced in Sweden was processed to
paper in the same company. Integration does not only secure a market for the pulp that is
produced, but it aso reduces costs when the pulp and paper mills are physicdly integrated: the
pulp does not have to be dried for transport to a paper mill esewhere. Secondly, saes of
market pulp were reduced because the industry’s dominant strategy mandated increased
processing and va ue added.

Table 3.6. Pulp production and exports 1993. (‘000 tons)

Pulp type Total production Market pulp Exports
Mechanicd 2,722 355 247
Semi-mechanica 264 -- --
Bleached sulphite 618 289 236
Unbleached sulphite 97 18 16
Bleached sulphate 4,189 2,626 2,303
Unbleached sulphate 2,063 120 106
Total 9,953 3,408 2,908

Source: Skogsindustrierna (1994).

The gtructurd changes did not only create larger production units, but dso higher
industry concentration. There were dtogether 20 companies involved in pulp and paper
production in 1990, but the three largest firms - Stora, SCA, and MoDo - together accounted
for about 75 percent of the pulp and paper industry’s turnover. Assi-Doman and NCB were
the other sgnificant integrated pulp and paper producers. Only afew companies, most notably
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Sodra Skogsdgarna, remained specidized bulk producers of market pulp. Rottneros was
another specidized pulp producer, but the company chose to focus on variety, and offered 47
different qudities of pulp in the early 1990s. Table 3.6 illugtrates the product mix in the pulp
industry in 1993: this has remained more or less sable Snce thet time.

Raw materia costs account for about 45 percent of the sdes value of pulp production.
Transport is the second largest cost item, whereas labor costs are limited to about 8 percent of
the sdesvadue. Thisillugtrates the high capita intengty of the modern pulp industry.

The Paper Mills.

The dtructurad changes in the paper industry were not quite as radicad as those in pulp
production. Average plant size grew rapidly during the period before 1990, as shown in Table
3.7, but totd production aso increased fast. Consequently, only about 25 paper mills
disappeared between 1960 and 1990. In fact, the number of paper mills was about the same
in 1920 as in 1960, s0 the trend towards concentration was relatively weak. The reason is
probably that the possibilities to specidize are better than in the pulp industry: the market for
gpecid grades of paper is reatively large and can accommodate a fairly large number of
producers.

Table 3.7. Structural changein paper and paperboard production 1960-1993.

1960 1970 1980 1990 1993

Number of mills 76 68 62 54 51
Totd cgpacity (million tons) 2.3 4.8 7.2 9.1 9.5
Capacity per mill (000tons) 30 70 115 170 185

Source: Svensén (1992). Skogsindustrierna (1994).

Y et, the mgjor paper producers - Stora, SCA, and MoDo - had chosen to speciaize on bulk
production of a few standard grades of paper. Stora and MoDo focused mainly on newsprint
and paperboard, while SCA also produced large quantities of kraftliner and corrugated board.
ASSI-Domén and Korsnés had a smdler product range with emphasis on packaging paper,
but they were remarkably successful in the production of paperboard packages for liquids.
For this particular product group, Swedish firms held about 60 percent of the Western
European market in the early 1990s, largely thanks to their close contacts with Tetra Pak.
Finepaper (writing and printing paper) and tissue paper were less important for the largest
Swedish firms. Finnish firms dominated the European finepaper exports, and the Finnish firm
MetsaSerla had aso taken over MoDo's consumer products division, with tissue paper and
persona hygiene products.

Table 3.8 summarizes data on Swedish production and exports of some common paper
grades in 1993. During the last decades, kraftliner, paperboard, and printing paper have
increased their shares of total production, while the importance of kraft paper has diminished.
The increasing use of recycled paper is expected to have a sgnificant impact on the paper
industry’ s future development. Hitherto, access to fresh wood fibers has been one of the main
Swedish comparative advantages in bulk products like kraftliner and newsprint. However,
waste paper is becoming a more important raw materiad source, and severd of the larger
Swedish firms have invested heavily in the more populated areas of Europe, in order to come
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closer to the new raw materia supplies. Sweden has aso started to import waste paper from
the continent. Furthermore, Swedish firms have continued diversfying into more highly
processed goods, and foreign investment has been an integra eement dso of this drategy. It
has been necessary to acquire established companies and their distribution networks in order
to manage the closer customer contacts that are necessary for marketing of more advanced
products.

Table 3.8. Paper and paperboard production and exports 1993 ( ‘000 tons).

Paper type Total production Exports
Newsprint 2,325 1,912
Mechanica printing paper 608 538
Woodfree coated printing paper 473 391
Woodfree uncoated printing paper 803 642
Sack paper 647 548
Other kraft paper 335 248
Tissue paper 298 157
Semi-chemical paper 314 252
Other paper 48 29
Total paper 5,851 4,717
Kraft liner 1,516 1,340
Other paperboard 1,414 1,083
Total paperboard 2,930 2,423

Source: Skogsindustrierna (1994).

Paper and Paperboard Products.

The paper products industry refines and converts various grades of paper to corrugated
board, sacks and bags, cartons, stationery, napkins, sanitary articles, walpaper, and other
amilar goods. The digtribution of plants, employment, and vaue added between the different
segments of the industry is shown in Table 3.9.

Table 3.9. Paper and paperboard products 1970 and 1989.

Plants Employment Value added
(number) ("000s) (billion SEK)
1970 1989 1970 1989 1970 1989
Paper and paper- 99 78 8.0 7.1 04 25
board packaging
Corrugated board 15 30 2.6 3.2 0.1 1.2
Other packaging 84 48 5.4 39 0.3 1.3
Other paper and 49 60 34 6.2 0.2 25
paperboard products
Tota 148 138 11.4 13.3 0.6 5.0

Source: SCB Industry, Svensen (1992).
26



Packaging products accounted for most of the industry’s employment, but other paper and
paperboard products had gradually become more important since the 1970s, and made up
half of the industry’ s value added by 1990. The two separate parts of the packaging products
segment - corrugated board and other paper and paperboard packaging - exhibited opposite
trends. Corrugated board had grown sgnificantly, both regarding the number of plants and
employment, whereas other packaging stagnated. Both these product groups were heavily
oriented toward the domestic market, primarily because the end products are bulky and
expendve to trangport. Their export shares were only dightly above 10 percent.

Productivity grew faster in the category “other paper and paperboard products’ than in
the rest of the industry, and employment aso increased sgnificantly. Mogt of the products in
this category are consumer oriented, and marketing and product design are more important
than for packaging. Exports of these products were also much larger, accounting for about half
of sdes. Moreover, imports were sgnificant. The product group is very heterogeneous,
however, and it is difficult to provide more generd characterizations of the industry structure
and growth dtrategies.

Sawn Wood Products.

Savmills and plants manufacturing wooden houses and building joinery (doors, window
frames, sashes, staircases, and so forth) accounted for most of the activities in the sawn wood
products indugtry, as shown in Table 3.10. The table dso illustrates the magnitude of the
structura changes that occurred between the 1970s and 1990s. Nearly half of the work
places and a third of the employees disappeared, a the same time as productivity and plant
Szeincreased. Moreover, there was a shift from sawmills to joinery and house production, i.e.
towards more advanced products with higher value added.

Table 3.10. Sawn wood products (excl. wooden furniture) 1970 and 1989.

Plants Employment Value added
(number) ("000s) (billion SEK)
1970 1989 1970 1989 1970 1989
Savmills* 916 435 28.1 16.5 14 6.6
Wooden houses and 771 411 26.2 20.5 1.2 7.3
building joinery
Wood-based boards 43 31 3.7 4.4 0.2 1.4
and
related products
Packaging and other 253 126 54 3.2 0.2 0.8
Wood products
Tota 1,983 1,003 63.4 44.6 3.0 16.1

*Excludes plants with less than five employees. In 1990, the number of smdl sawmillswith less
than five employees was estimated at over 2000. (Svensén, 1992, p. 211).
Source: SCB Industry, Svensen (1992).
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Figure 3.3 shows that most sawmills were located on the east coast of the Norrland region,
i.e. doseto the raw maerid supplies. There were dso many sawmillsin the Smdand region, in
the southern part of the country, which is dill a rdatively forested region. The location of
savmills is determined mainly by the availability of raw materid, snce the trangport codts of
raw timber are much higher in relation to the goods va ue than those for sawn wood products.

Figure 3.3 Digribution of employment: sawmills 1990
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Source: Svensén (1992).
Figure 3.4 illudtrates the geographic distribution of other wood product industries (including

manufacturing of pre-fabricated houses, building joinery, and wooden furniture), and the
pattern is clearly different from that of the sawmills. The southern and western parts of Sweden
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were favored locations, because proximity to markets is more important: the products are
more advanced and must often by manufactured according to customer designs.

Figure 3.4 Didribution of employment: other sawn wood products 1990.
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The sawn wood products group accounted for about 20 percent of the Swedish forest
exports. Sawmills exported more than half of their annual output, whereas the exports from the
other product categories were more limited. Only about 20 percent of wood-based boards
and some 5-15 percent of building joinery products and prefabricated houses were exported.
The geographical digtribution of the industries, shown in Figures 3.3 and 3.4, is consstent with
this trade pattern: export oriented production was located closer to raw material supplies,
whereas production for the home market followed the population distribution.
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The sawmill industry.

The Swedish sawmill industry produces sawn softwood products that are used mainly for
condruction purposes, and to a lesser extent for packaging and furniture manufacturing.
Swedish production of sawn hardwood is very limited. The sawmill industry’s production
peaked in the early 1970s, when annual output reached above 13 million n. Production fell to
some 11 million n? during the 1980s, but production expanded in the early 1990s, to about
12.5 million ni, largely thanks to increasing export demand. Exports amounted to about 7
million n? during the 1980s, but grew to over 10 million n? by 1993, as a result of a large
depreciation of the Swedish currency in 1992. The main export markets are Greet Britain and
Germany, and the Swedish market share in Western Europe was somewhat over 20 percent.
Canada and Finland are the main competitors. Japan aso emerged as an interesting export
market in the mid-1990s, dthough quantities are till small.

Most of the industry’s production takes place in medium-sized production units - the 22
largest sawmills accounted for 27 percent and the 62 largest for 50 percent of total production
in 1993 - but there are dso some 2,000 smal sawmills with less than five employees. Although
the number of sawmills has been greetly reduced by mergers and acquisitions during the past
decades - see Table 3.11 - the trend towards increasing concentration has not been as strong
asin the pulp and paper industry, and it appears that scale economies are much less important.
However, the most successful companies are coordinating the operations of severd sawmills,
and trying to increase cgpacity utilization by running severd shifts. The leading actors in the
sawmill industry are largely the same firms as in pulp and paper: SCA, Sodra Skogségarna,
MoDo, Stora, and ASSI-Domén, who dl own severa mills.

Table 3.11. Structural changein sawmill industry 1960-1993.

1960 1970 1980 1993

Number of mills (approx.) 6,500 4,000 2,400 2,500
Capecity per mill (m?, approx.) 1,200 3,800 4,500 5,000

Source: Svensén (1992), Skogsindustrierna (1994).

Some of the larger sawmiills, that are often integrated with plants producing pulp, building
joinery, or wooden houses, source their raw materia from their own forest holdings, but most
sawmills do not own any foret and they buy ther supplies in the timber market. The
complaints about imperfections and lack of competition in the timber market are often voiced
by the independent sawmills. The concentration among the largest timber buyers - the pulp and
paper producers - has meant that the forest owners have adso been forced to join in
cooperatives and sdes organizations in order to get equa bargaining power. This inhibits the
smadler independent sawmills, who have to confront monopolistic sellers with high raw materid
prices and unfavorable contracts. Concurrently, most sawmills supply raw materid to the pulp
and wood board industries, snce much waste is generated in the production process: the
production one cubic meter of sawn wood requires about twice as much roundwood. The raw
materia costs are significant, and account for gpproximately 60 percent of total production
cost.

30



The home market is the single largest market, but about 70 percent of production was
exported. Traditiondly, wholesalers have played a sgnificant role in marketing, distribution,
and value added operations, but their importance has gradudly diminished. The growing leve
of competence in individua companies and the emergence of various supporting industry
organizations has enabled the indudtry to integrate didribution and marketing, both
domestically and in the export markets. Furthermore, high costs for labor, capitd, and raw
materids have forced the sawmills to increase the vaue added in their production. An
increesing number of sawmills are investing in drying kilns and equipment for planing, and many
are dso producing components tailored for the building joinery industry and for manufacturing
of pre-fabricated houses. Together with wholesders and retailers of building materids, these
are dso the main customers of the Swedish sawmills, and the domestic demand for sawn
wood is highly dependent on the development of the congtruction industry.

The sawmill indugtry is not only affected by the aggregate leved of activity in the
condruction industry, but aso by the type of congtruction activity that is going on. Until the
early 1990s, wood was used for about 90 percent of single-family houses, whereas larger
buildings were generaly constructed with steel and concrete structures. However, it has been
noted that wooden gtructures are commonly used for much larger buildings - up to Sx stories
high - in the US and Canada. The introduction of stress graded wood products and the
development of glue-laminating, edge-jointing, and finger-jointing techniques have raised the
use of wood for this type of demanding construction purposes dso in Scandinavia

It is worth noting dready here that the development of the sawmill sector is closely
connected to the activities of the industry’s marketing and research organizations. The explicit
am is to move into operations with higher value added, and the industry organizations are
heavily involved in various types of ventures to facilitete this. For instance, the organizations
provide advice and detalled indructions (including plans and blue-prints) for various
congiruction projects, efforts are made to establish common European standards for building
components and other wood products, and the industry is working continuoudy to disseminate
information about the characteristics of wood as a congtruction material. The same applies aso
for other wood product industries, as well as for paper and pulp, and we will return later to a
more detailed discusson about the organizations that create and disseminate the skills and
knowledge used in the forest industries.

Wood-Based Boards and Plywood.

The wood board industry produces particle board, fiberboard, plywood, and veneer. Particle
board has traditionaly been connected with the furniture industry, but new varieties are found
aso in built-in-kitchens, cupboards, and in the production of pre-fabricated houses. The
furniture indudtry is aso the main user of some newer types of fiberboard, such as medium-
density fiberboard, and most kinds of veneer. Fiberboard and plywood are employed in the
condruction indugtry, for thema and acoudic insulation, floors, wadls, roof underlay,
shuttering, and various other purposes.

Swedish board production expanded rapidly in the 1970s and pesked during the
1980s, but output was concentrated to fewer units and fdll during the second haf of the
1980s, because of increasing foreign competition at home and abroad. Both domestic and
foreign market shares shrank, and imports, primarily made up of veneer and plywood, grew to
about twice the value of exports. Yet, a new plywood mill was established in 1990, and
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domestic production increased somewhat during the 1990s. Table 3.12 illustrates the trendsin
total production. In addition, it can be noted that total employment in the Swedish board
industry (conggting a the time of 4 plywood mills, 7 particle board mills, and 5 fiberboard
mills) dropped below 1,200 by 1993 (Skogsindustrierna, 1994), and there were serious
doubts about the industry’ s future success. However, some recovery was recorded in the late
1990s, dthough the production volumes are il below the level of 1990. The main particle
board producers during the 1990s were Byggelit and Swedspan, fiberboard (wallboard) was
produced by Rottneros Board, and Mdarply and Véanerply were the main plywood mills.

Table 3.12. Swedish production of wood-based boards 1970-1993.

1970 1980 1990 1993

Fiberboard ("000 tons) 718 423 214 82
Particle board ("000 nt) 389 1,193 843 597
Plywood ("000 nt) 63 87 68 72

Source: Svensén (1992), Skogsindustrierna (1994).

Building Joinery.
The building joinery industry produces doors, windows, wooden staircases, and cupboards,
shelving units, and other kitchen components. Some firms have aso specidized in fittings and
furnishings for schools, hospitals, and other public spaces. Many companies are sub-
contractors to congtruction entrepreneurs and producers of prefabricated houses.
Consequently, varidions in the condruction industry’s busness cycles have dgnificant
repercussions dso for the joinery industry. The Swedish condruction industry was highly
volatile, with a booming, overheating market during the late 1980s and a deep depression
during the early 1990s. The joinery industry followed these swings, and the crisis of the early
1990s led to sgnificant reductions in production. However, the production of building joinery
is often a complement to sawmill operations, and exports of sawn wood substituted to some
extent for the fall in domestic demand.

In al, the building joinery industry employed some 10,000 people in the early 1990s.
Mogt firms were small, focusing on limited loca markets, and the industry was evenly spread
out over the entire country. There were some exceptions - speciadized producers of wooden
floors (Tarkett-Pegula, Kéhrs), windows (Elitfonster, Modulfonster), doors (Swedoor), and
kitchen and bathroom furnishings (Bdlingd6v, Marbodahl, HTH) that recorded internationa
success - but the industry’s aggregate exports seldom reached above 15 percent of
production. Nevertheless, the trend in the industry’s production Strategies pointed toward
closer contacts with customers and production of customized components, and away from the
concentration on long production lines that was amed for during the 1960s and 1970s. This
shows that the home market, or a least locally based congtruction firms, was expected to
reman centrd for mogt of the firmsin the industry.

Pre-Fabricated Houses.

Some 90 percent of the single-family houses built in Sweden during the past decades have
been made of wood, and more than haf have been pre-fabricated wooden houses. Severd
factors have contributed to the domestic success of the production of pre-fabricated houses:.
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the short building season and high labor cogts have favored pre-fabricated designs, house
condruction has been a naturd diversfication route for sawmills looking for opportunities to
increase the value added in their production, and the tough climate has forced producers to
develop congructions with high quality (Porter et. a, 1993, 126). The largest firms -
Gullringshus, LB-Invest, and Myregohus, al located in the Smdland region in the south of
Sweden - accounted for 40-50 percent of the domestic market in the early 1990s, and
recorded some success in exporting to neighboring Nordic countries and Germany. However,
most firms were quite smal and lacked the capability to market their products abroad, which
meant that the aggregate export share stayed at 5-10 percent.

Like the building joinery industry, the production of pre-fabricated houses aso varied
grongly with the congruction industry’s business cycles. Employment increased during the
construction boom, from 5,000 in 1986 to 7,000 in 1990, but dropped again to about 5,000
in 1993. Severd of the leading firms experienced severe financid difficulties during the
economic crigs of the early 1990s, which meant that expanding markets in central and eastern
Europe became increasingly important for the Swedish producers during the mid-1990s.

Wooden Furniture.

Swedish production of wooden furniture is concentrated to the regions Smdand,
Vagergotland, and Skane in the southern part of the country. The industry comprises many
amal family-owned firms, dthough there was a tendency towards increasing concentration
since the mid-1970s. The fastest restructuring took place during the period 1976-1982, when
domestic production fell by 4-5 percent per year because of increasing import competition,
and about 20 percent of the industry’s jobs disappeared (SIND PM 1986:10). The Situation
improved during the second haf of the 1980s, largely due to increased export demand. In
1990, the approximately 300 firms in the industry employed dightly more than 11,000 people
and accounted for about one percent of the vaue added in the manufacturing sector, as shown
in Table 3.13. Exports grew from 10-15 percent during the 1960s to about haf of production
in the early 1990s. the main markets were Norway and the EU. Imports were dightly lower
than exports, and came mainly from low-cost producers in Eastern Europe and Asia.

Table 3.13. The wooden furnitureindustry 1990: sales, value added and employment.

Sales Value Added Employment
Billion % of total Billion % of total “000s % of total
SEK industry SEK industry industry
Wooden 7.2 1.0 3.3 11 111 15

furniture

Source: SCB Industry, Svensén (1992).

It is customary to separate between producers of home furniture and office furniture. Home
furniture dominated the market until the 1980s, but the two sectors were roughly of the same
gzeinthe early 1990s as a result of the faster growth in the production of office furniture. The
firms focusing on office furniture (e.g. FACIT, Kinnarp, and Polator) were generdly larger and
stronger than those producing home furniture. One reason was thet the office furniture market
was less fragmented and less sengitive to business cycles - in particular, the public sector was
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an important customer. The producers were therefore able to operate with longer production
runs, and concentrated on more expendve, high qudity products where import competition is
less severe. In many cases - and in contrast to most home furniture producers - they were dso
large enough to create their own export marketing channels.

The firms producing home furniture have aways been more dependent on retall chains,
which control about 75 percent of the market. The drawbacks are weak bargaining power
and low output prices, but the advantages, in terms of access to didtribution channds and
marketing, have probably dominated. In particular, it seems that the reasonable export success
of the Swedish home furniture industry owes much to the remarkable internationa expansion
of the furniture retailer IKEA. Over 100 IKEA stores are now found throughout Europe,
North America, and Asa, and IKEA 4ill purchases alarge share of its furniture from Swedish
suppliers, in spite of its internationa character. Only a few of the larger home furniture
producers operating in higher-price segments of the market (eg. Dux and Ulferts) have
managed to become successful exporters on their own.

3.3. TheKnowledge Cluster.

The forest sector is dill often characterized as a mature low-technology industry facing many
difficult challenges, with bleak prospects for the future. For instance, it is often pointed out that
increasing competition from the trangition economies of Eastern Europe and emerging markets
like Chile, Brazil, and Indonesia will depress prices and reduce the profitability of Swedish
production. Increases in Swedish costs for labor, capitd, and energy will worsen the Situation.
The growing concern about the environmenta effects of forestry practices and production
methods will present other types of demands that necessitate changes in both products and
processes. The most pessmigtic predictions have for a long time suggested stagnation and
decline of the kind seen in industries such astextiles, shipyards, or mining.

However, one of the main points argued in the present report is tha this is not an
appropriate description of the forest sector. Pulp, paper, and sawn wood products have been
among the most important Swedish exports for nearly 150 years, and it is likely that they will
continue to be important dso in the future, in spite of the many chalenges facing the forest
industry. One important reason is that most forecasts point to a continuing high demand for the
industry’s products, both a& home and abroad. The consumption of paper products is
edimated to continue growing with growing incomes and education levels in Western Europe
and other mgjor markets for Swedish exporters, while the development and growth in the
trangtion economies of Eastern and Central Europe is expected generate demand for sawn
wood products.

Another reason is that the knowledge and skills used by the industry are continuoudly
being updated, in response to changes in the competitive environment. Swedish industry has
managed to overcome the disadvantages caused by high raw materia and labor costs by
mechanizing production processes, and by moving into operations with higher value added. At
the same time, product development is generating new uses for forest resources. For instance,
wood is becoming an increasingly important input in the congruction industry as the use
laminated and finger-jointed products spreads. Moreover, Sweden has become a leader in the
development and implementation of environmentaly correct forestry practices and indudtrid
process=s. The forest indudtry is one of the few modern indudtria activities that are inherently
“green”, in the sense that al products are bio-degradable and can be recycled or used to
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generate energy, and even the most polluting processes, such as pulp production, can be made
completely sdlf-contained. Many of these opportunities are available because the forest
indugtry has created dynamic networks of inditutions and organizaions involved in the
production and dissemination of the knowledge and sills that are needed to reman
competitive. This network of organizations - or institutional framework or knowledge
cluster - is perhaps the main strategic and competitive asset of the Swedish forest
industry, as we have already argued above.

Since the forest industries - and the related organizations - are closdy integrated, it is
difficult to define separate inditutiond clugters for each industry group: new knowledge and
technology may be developed by indiitutions that are intimately connected to one specific
actor, but the innovations typicaly dso affect the other industry groups. For ingance, the
development and introduction of glue-lamination may be driven by sawmills, but joinery plants,
building congtructors, and furniture makers are dso directly affected as customers. To the
extent that the innovation requires specific grades of raw materid, it will dso influence the
operations in the forestry sector. Nevertheless, it may be useful look separately at the
knowledge clugters in the sawn wood products group (including furniture) and in paper and
pulp, because there are some differences in structure and performance. Mogt importantly, it
appears that the cluster in the sawn wood products group is weaker than that in pulp and
paper. This may be an important factor to explain why the pulp and paper industry has been
relaively more successful in recent decades.

3.3.1 Skillsand Knowledge in Sawn Wood Products.

For purposes of presentation, it is useful to distinguish between two essentia eements of
industrid technology and competence: skills and knowledge (see Ds 1991:62). Skills are
embodied in people and generated through various types of education and training, be it on-
the-job training or forma schooling. Knowledge is a public good that is generated by research
and development activities, and can be transferred from person to person through various
means of communication - lectures, scientific articles, handbooks, manuals, and o forth. It is
adso convenient to digtinguish between inditutions and organizations that generate and
disseminate skills and knowledge, dthough the didtinction is seidom very sharp. For instance,
mogt organizations involved in the generation of knowledge are aso engaged in disseminating
research results to potential users or the generd public.

Table 3.14 identifies some of the participants in the network supplying skills and
knowledge to the sawn wood products industries in the early 1990s. Some forestry ingtitutions
are ds0 included. The table covers the main actors in the knowledge and skill cluster, but it is
not complete there was a total of over 100 different associdions, inditutions, and
organizations in the forest sector at the time, and most of them were involved in the generation
and dissemination of knowledge and skills’

Table 3.14 Participantsin the knowledge and skill cluster in the Swedish sawn wood
productsindustry.

*The Handbook of the Northern Wood Industries 1991/92 provides an incomplete list with
74 different asocigtions & the nationd leve.
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Generation Dissemination
Royal Technical University

SKills University of Agricultural Sciences
. University of Luled
(Education) (School for Forest Engineering)

(Forest Institutes)

Royal Technical University Swedish Institute for Wood

University of Agricultural Sciences | Technology Research

University of Luled Swedish Furniture Research Institute

Swedish Institute for Wood University of Agricultural Sciences
Knowledge Technology Research Swedish Building Material and
(Resear ch) Swedish Furniture Research Institute | Building Trade Fed.

Chalmers Technical University Lund | Swedish Furniture Manufacturer’s

Technical University Association

(School for Forest Engineering) Swedish Sawmill Federation

(Institute for Forest Improvement) Swedish Wood Exporter’s

(Forest Operations Institute) Association.

Swedish Timber Council

Note Indtitutesin parentheses are primarily involved in forestry.
Sources. Ds 1991:62, Statistical Y earbook of Forestry 1993, Handbook of the Northern
Wood Industries 1991/92.

Academic education at the university level was provided by severd inditutions. The University
of Luled and the Roya Technicd University of Stockholm educated engineers specidizing in
wood technology. The number of graduates varied between 15 and 40 per year in the late
1980s and early 1990s. Forest officers and forest engineers were trained a the Swedish
University of Agricultura Sciences (SUAS) in Uppsda and Umed, the School for Forest
Engineers, and severd Forest Indtitutes. About 170 students per year graduated from the
forestry programs in the early 1990s> The wood products industry’s own investments in
education and training of labor were consdered to be small (Ds 1991.62, p. 26).

Except for the School for Forest Engineers, dl the ingtitutions mentioned above aso
offered post-graduate training and managed extensive research programs in aress related to
forestry and wood manufecturing. The Swedish Universty of Agricultura Sciences was
particularly active, and managed specid research programs on wood congtruction technology,
wood treatment and protection, and integration of forestry and sawmilling in various parts of
the country. The research budget of the Faculty of Forestry at the University of Agricultura
Sciences amounted to over SEK 225 million in 1991. Forestry research was dso found &t the
Indtitute for Forest Improvement, which employed 81 people and spent SEK 36 million per
year, and the Forest Operations Indtitute, with 62 employees and a budget of SEK 62 million.
Other universities, such as Chamers in Gothenburg and Lund Technica University were aso
involved in wood research, but & amore limited scale.

The man actor in the generation of knowledge directed towards the wood
manufacturing sector was the Swedish Indtitute for Wood Technology Research, which is the

>|n addition to university education, there were also upper secondary schools specidizing in
forestry, with over 500 graduates per year. See NBF (1993).
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sawmill industry’s collective research indtitute. It employed some 80 people in three research
divisons, and its annua budget amounted to around SEK 80 million. The research at the
Stockholm branch was focused towards sawmills and wood congtruction. Building joinery was
the main research area & the Skellefted branch, which was dso closdy connected to and
coordinated its research with the department for wood technology a the University of Lulea
Research on other wood products, e.g. furniture, was concentrated to Jonkoping. Thus, the
geographica dtructure of the Ingtitute coincided largely with that of the sawn wood products
industry. The Inditute was aso involved in some research dedling with wood-based boards,
dthough a a rdaively limited scde. The Swedish Furniture Research Inditute, located in
Stockholm, was the locus for research, development, and testing of materials and products in
the furniture industry. This was a smdler indtitute, with a aff of 20 people and a research
budget of about SEK 8 miillion.

The Inditute for Wood Technology Research, the Furniture Research Indtitute, and
Univergty of Agriculturd Sciences were dl actively involved in the trandfer and dissemination
of research reaults. In addition, severd other industry organizations focused on providing
information and technical support to member companies, customers, and the generd public.
Some of these were the Swedish Building Materid and Building Trade Federaion, the
Swedish Furniture Manufacturer's Association, the Swedish Sawmill Federation, and the
Swedish Wood Exporter’s Association.

However, the efficiency of the technology and knowledge transfers was sometimes
guestioned. One problem seemed to be that too little resources were spent on the
disssmination phase, particularly teking into account the fragmented nature of the industry.
Another problem was that many firms in the industry were unable to absorb the information
provided by these organizations. This was related to the lack of indtitutions or organizations
focusing on the transfer and dissemination of skills from the universities to the indugtry. In fact,
it was claimed that the main structural weskness of the entire sawn wood products group was
a shortage of academically educated staff in sawmills and other firms (Ds 1991:62, p. 33). If
the necessary skills are not available within the companies, it is difficult to kegp pace with
technologica developments and changes in the competitive environment: even if the research
organization manage to generate product and process innovations, few individud firms will
recognize the opportunities and adopted the innovations. The lack of indtitutions promoting the
transfer of skilled personnd from the universties to the industry may aso have explained the
volatility in the interest for academic education in wood technology.

The knowledge cluster in the pulp and paper industry had apparently managed to
overcome some of these problems, and improvements in the inditutional framework of the
sawn wood products industry - presumably based on lessons that can be learned from pulp
and paper - were integral eements of the industry’s growth strategy, as we will see later.

Skillsand Knowledgein the Pulp and Paper Industry.

Most companies in the pulp and paper industry devoted considerable resources to research
and development activities, as well as to in-house education, which was contrary to the
dtuation in the sawn wood products industry. One explanation was, of course, that the
average Sze of pulp and paper companies was very much larger than that of e.g. sawmills.
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Firm-specific R&D had dso become relatively more important as the pulp and paper
companies grew through mergers and acquisitions during the past couple of decades. Y, the
network of indtitutions permesating the industry was gill essentia for maintaining and developing
international competitiveness, not least concerning education and dissemination of kills from
universities and research organizations to the industry.

Figure 3.15 illustrates the ingtitutiona network connected to the pulp and paper industry.
Univergty training of engineers specidizing in pulp and paper processing and related fidds was
provided by the Royad Technica Universty in Stockholm and the Chamers Technical
Universty in Gothenburg. Degree programs in pulp and paper technology and biotechnology
were a0 offered by the Universty of Karlstad. It is aso notable that the industry’s leading
research indtitution, the Swedish Pulp and Paper Research Inditute, was actively involved in
academic education, by financing student research projects, arranging guest lectures, and
providing lecture rooms and equipment. About half of the graduate engineers recruited by the
industry had this type of training, but the increasingly sophisticated production technology
requires an increasing number of specidigs from other fields as well. In addition, most of the
foredtry training programs mentioned in the section on sawn wood products were equally
relevant for the pulp and paper industry.

A mgor share of postgraduate education was managed jointly by the Swedish Pulp and
Paper Research Indtitute and the technical universities. The Research Ingtitute also accounted
for amagor share of the research and development activities taking place in the cluster. With
250 employees, hdf of whom were qudified researchers, and a budget of somewhat below
SEK 200 million per year, it was one of the largest research inditutions of any kind in Sweden,
and recognized as one of the internationdly leading centers as well. However, during the early
1990s, the character of the Indtitute's operations was changing somewhat, because of the
growing level of competence in the industry’s larger companies. Product development was
gradudly shifting to the industry’s corporate research laboratories, while the Pulp and Paper
Research Ingtitute concentrated on basic and applied research (and advanced education) of
common interest for the entire industry. Research was aso conducted & the technical
univerdties, and at severa of the industry’s smdler collective research inditutes, such as the
Ingtitute of Surface Chemigtry, the Graphicd Research Laboratory, the Swedish Packaging
Research Indtitute, and the Swedish Newsprint MillS Research Laboratory.

In addition to the activities that took place in each of the research indtitutes, there were
collaborative research projectsinvolving severd of the industry’ s indtitutions. One exampleisa
multi-disciplinary research program entitled Paper-Color-Print, which aimed to develop
Swedish competence in paper processing, paper coating, and printing technology. The project
was conducted jointly by the Roya Technicd University, the Swedish Pulp and Paper
Research Indtitute, the Ingtitute of Surface Chemigtry, the Graphical Research Laboratory, and
the Swedish Newsprint Mills Research Laboratory, with financing from the participating
ingtitutions, independent research foundations, and the government. Launched in 1993 and
expected to run for 6 years, employing on average 40 full-time researcher, the project is
edimate to result in 5 doctord dissertations, 20 licentiate dissertations, 50 graduate
engineering degrees, and 100-150 scientific publications and lectures®

® The Swedish Licentiate Degree corresponds roughly to the American Master's Degree,
requiring about five to Six years of university sudies.
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Table 3.15 Participantsin the knowledge and skill cluster in the paper and pulp

industry.
Generation Dissemination
Royal Technical University Swedish Pulp and Paper Research
SKills Chalmers Technical University Institute
. University of Karlstad
(Education) Swedish Pulp and Paper Research
Institute
Royal Technical University Swedish Pulp and Paper Research
Chalmers Technical University Institute
University of Karlstad Institute of Surface Chemistry
Swedish Pulp and Paper Research Graphical Research Laboratory
Knowledge Institute Swedish Packaging Research
(Resear ch) Institute of Surface Chemistry Institute
Graphical Research Laboratory Swedish Newspaper Mills' Research
Swedish Packaging Research Laboratory
Institute
Swedish Newspaper Mills' Research
Laboratory

Sources. Ds 1991:62, Statistical Y earbook of Forestry 1993, Handbook of the Northern
Wood Industries 1991/92.

Mog of the industry’s research inditutions were involved in the dissemination of research
results. Technology transfer was sgnificantly more efficient in the pulp and paper industry then
in sawn wood products, because the industry’s generd level of education and skills was
markedly higher. The reason was probably that the Pulp and Paper Research Indtitute had
been very active in trandferring skills from the academic indtitutions to the indudtry. In fact, the
Research Indtitute acted on two fronts. On the one hand, it attempted to stabilize the demand
for engineers and researchers by recruiting skilled labor during dumps in the business cycle.
These recruitment activities were financed directly by the pulp and paper industry. On the
other hand, it encouraged the industry to employ skilled labor, both by providing information
about various types of education to the industry, and by influencing the content of higher
education in the direction of the industry’ s demand.

3.4. Related Industries

The forest sector has dso made up a firm base for the evolution of some related and
supporting indudtries, and there are severd examples of firms that have subsequently
developed internationally competitive positions. Below, some such examples are noted briefly.
A more detalled andyss of these related industries lies beyond the scope of the present

report.

Machinery.

With the mechanization of forestry operations, Sweden built aleading postion in severd types
of specidized machinery. Some examples are specially designed tractors, forwarders, log
harvesters, and machines for thinning and planting. Many of the firms in these product groups
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(OSA, Bruun System, Umed Mekaniska Verkstad) have subsequently been merged with the
two Finnish firms Repolaand Vamet.

Also pudp and paper production generated strong machinery producers. In the
manufacturing of various kinds of pulp machinery, Gotaverken, Sunds Defibrator and Kamyr
were the leading Swedish firms until recently. Both Sunds and Kamyr were acquired by
foreign (Finnish and Norwegian) firms during the wave of mergers and acquistions in the
1980s. Smilarly, the leading Swedish manufacturer of paper machinery, KMW, was sold to
the Finnish firm Vamet during the 1980s. Sweden dill has a srong podtion in drying
machinery (ABB Hékt) and production of fabrics and felts for paper machinery (Nordviror,
Nordiska Filt, and Bruzaholms Viror). Swvedish producers are dso strong in production of
systems for process automation and production control (ABB, EKA Nobel, Loreentzen and
Wettre, and Boliden Kemi) and pump equipment (Scanpump).

The Swedish producers of sawmill machinery, such as conveyors, drying kilns, and saw
tools, have not been equaly successful in the international market, and exports have stayed at
around 20 percent of production. At the same time, the leading companies (Soderhamns
Verkstader, Ari, Renholmens Verkstéder, Sandvik Saws and Tools, Uddeholm Strip,
Stridsherg, and Brusaholms) have managed to control the home market, with imports reaching
only 5 percent of sales.

Transportation.

The forest sector is a mgjor user of transportation services, and trangportation is actudly the
second largest variable cost for pulp and paper producers. only raw materials account for a
large cost share. Forest industry products have accounted for a third of domedtic rall

transports and a fifth of domestic road trangports (excluding iron ore) in recent years. In fact,

adopting a historical perspective, it is obvious that the transport needs of the forest sector have
been magjor determinants of the congtruction of roads and raillways in Sweden, especidly in the
less populated areas. The forest industry’s shares of the export industry’s goods transports
have been even higher than the domestic shares, with nearly half of sea transports, two-thirds
of rail trangports, and over one-third of road transports involving forest products.

In addition to its Sgnificance for the transport service industry, the forest sector has also
been important for the production of trangport equipment. The production of heavy trucks by
Volvo and Scania has partly been motivated by the demands for timber and paper transports,
and both companies are world leaders in the industry. Earlier, the transport needs of the forest
sector were dso insrumental in the development of shipyards and production of railway
equipment, but the only significant company in this sector is ABB, which offers awide range of
equipment and railway systems.

Chemicals.

The chemica sector at large has never been strong in Sweden, but the country has historically
hosted a number of leading suppliers of chlorate and other chemicals for the pulp and paper
industry. However, after severd mergers and acquisitions during the past decade, only one
grong firm remains in the industry, the Dutch Akzo-Nobe.
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4. STRATEGIESIN THE SWEDISH FOREST INDUSTRIES,

The global consumption of wood has increased by about 50 percent over the past 25 years,
as world population has grown and incomes have risen. More than hdf of the world's
aggregate wood consumption is till accounted for by fud wood, some 30-35 percent are
consumed in the form of sawn wood products, and the remaining 10-15 percent are used for
paper and paperboard production. However, the pattern of wood consumption differs widely
across countries. fuel wood is less important and various products manufactured from wood
are more important the higher the level of income or development.

The pogtive rdation between income levels and consumption of sawn wood products
and paper products is the basis for most globad andyses of future demand and market
conditions. At an aggregate level, consumption of wood products is expected to continue
increasing for the foreseeable future, snce both world income and world population are
increasing. The processes that bring about this demand increase are easy to see in the case of
developing countries. The shift from agriculture to services and manufacturing boodts the
demand for packaging materias, e.g. in the food industry. Urbanization leads to an expanson
of the congtruction sector, which is the main user of sawn wood products. In addition to
condruction materids and building joinery, furniture demand is dso growing as a result of
urbanization. Higher levels of education bring incressng demand for writing paper,
newspapers, journds, and books. Hygiene products, such as various types of tissue paper,
become more widdy used.

These processes have recently been observed throughout the developing world. For
indance, parts of Latin America dready exhibit demand patterns smilar to those in the
Nothern hemisphere. Looking at Ada, it is clear that the Japanese indudtrid expansion fudlled
the regiona demand for wood products for severd decades. Severd other countries have
followed since Japanese demand stabilized at European levels. South Korea, Taiwan, Hong
Kong, and Singapore have reached amost the same consumption levels. Assuming that the
problems caused by the Asan crisis are only temporary, it is safe to expect that Maaysa,
Thalland, and the Philippines will follow in the foreseegble future, with China, Indonesia, and
Vietnam in a subsequent wave. As a result, total paper consumption in Asais dready nearly
as high as in Europe, and the region is expected to become the largest market for forest
products during this decade.

The market for forest products in the established industridized countries has dso grown
over time, in linewith therising leve of income, athough the structura changes that bring about
growth are less explicit than in developing countries. Hence, the dow-down in economic
growth during the 1970s led to fears that demand for paper and many other forest products
was stagnating, but the upturn in the business cycle during the 1980s showed that consumption
growth is 4ill matching increases in populaion and per capita incomes, a least a an
internationa level. One of the driving forces in the indudtrialized countries appears to be the
growing importance of the service sector, which consumes more wood - in the form of paper -
than many manufacturing indudtries, eg. machinery or transport equipment. Incressng
educationd levels adso play an important role. Contrary to forecasts from the 1970s and
1980s, there are no signs that the digitalization of adminigirative services sector will reduce the
consumption of paper.
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The picture is more obscure in the short run for individud industridized countries, where
differences in domestic supplies of wood resources, environmenta regulations, trade policies,
and indugtry structure can have sgnificant effects on the development of the market. For
ingtance, an economy where growth occurs mainly in the service sector will demand different
types of forest products than a country where growth takes place in agriculture or
condruction. Similarly, changes in the environmentd awareness of consumers, or the
introduction of specific requirements or regulation, will change the structure of the demand for
forest products, and perhaps create entirely new products and market segments. How strong
the connection between economic growth and increases in the consumption of forest products
will be depends on how successfully the forest industry can supply the products that are
demanded by the expanding sectors. Flexibility - that is, ability to recognize and respond to
new types of demand and competition - and active product and process development are
therefore important key words in the dtrategies of Swedish forest companies, both in the pulp
and paper and the sawn wood products industries.

The following section points to some changes in the forest industry’s overal drategies
that have been mandated by the increasing environmentad awareness in Europe. After this
discussion, which applies to al the actors in the forest sector, sections 4.2. and 4.3 describe
the mgor company drategies in the pulp and paper and the sawn wood products industries in
the early and mid-1990s:. the pulp and paper industry is discussed first, because the differences
between drategies are often esser to identify than in the sawn wood products indudtry.
Section 4.4 focuses on the drategies for the development of the Swedish forest industry’s
ingtitutiona network during the same period.

4.1 Environmental and Industry Strategy.

One of the main chalenges facing the Nordic forest industries in the early 1990s was the need
to adapt forest management practices, production processes, and products to dricter
environmenta regulations and requirements. The development in Sweden and the other Nordic
countries had not yet become as dramatic as that in North America, where the preservation of
old trees in British Columbia and efforts to save the spotted owl in Oregon hated the logging
operations in federally-owned forests.” Nevertheless, important changes were underway aso
in Scandinavia, both as a result of changes in public policies, and because of pressure from
environmenta groups, who backed up their demands with thrests of consumer boycotts of
firms who did not comply with the new standards.

In the area of resource management, much of the pressure for change came from
environmenta organizations, who attacked commercia cultivation and felling methods - for
instance, the practice of clear-cutting - which destroy the bio-diversity of naturd forests. Many
gpecies of herbs, lichens, fungi, and insects have smply not survived in the managed foredts,
where old trees, deciduous trees, rotting wood, forest fires, and other important elements of
natural forests are missing. Forest companies in Sweden were therefore more or less forced to
adapt their operations, and introduced new practices that reduce the size of clear-cut aress,
dlow old trees to be |eft standing, limit the building of logging roads, and redtrict felling around
river banks, lake shores, and other important wildlife habitats.

" In fact, the volume of timber sold by U.S. government agencies has falen by amost two-
thirds since 1987.
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These new practices are often referred to as Ste adaptation and ecological landscape
planning. The former procedure means that tree species, management methods, and
regeneration methods are chosen on the badis of the biologica prerequisites of the individua
gte, often in combination with various conservation measures. Ecological landscape planning
involves preserving a pattern of relatively untouched forest land, to serve as “safe havens’ for
endangered animals and plants, within larger commercid forests (Skogsindustrierna 1994).
Other changes in forest management give more emphasis to natura regeneration of foredts,
involving seeding ingead of planting (using only indigenous species of trees) and reductions in
chemical trestment and ploughing.® Moreover, some companies have stopped buying old-
growth timber for its pulp mills, and started replacing the minerd oil in ther fores machinery
with biodegradable vegetable ails. It is estimated that these measures will reduce fdling by
about 10 percent in the long run.

The innovations in the production processes have amed in the same direction. The toxic
emissions from pulp and paper mills have been reduced as chlorine gas has been replaced by
less harmful substances, such as chlorine dioxide, hydrogen peroxide, and enzymes. Some
producers were dse developing closed production lines with built-in cleaning stages, so called
kidneys, that remove hazardous substances from pulp and process liquids: severd are dready
in operation. In some aress, effluent from mills is used to hegt buildings, and waste materid is
used for eectricity generation. The combined effect of the necessary adaptationsin production
technologies - to create more environment friendly processes - is to increase production costs.

The increasing use of recycled paper is another mgjor determinant of changesin products
and production processes. Both the pressure from environmental groups and public legidation
have contributed to increase the recovery and recycling of used paper, and recycled paper
today makes up over 40 percent of the raw materid for the world's paper mills. The
development has reached the furthest in Germany, where legidation was introduced in 1995 to
ensure that 80 percent of al packaging paper and paperboard is collected, and that at least 80
percent of thisis recycled. The aim is dso to reach a recovery rate of at least 60 percent for
newsprint, magazines, and office wastepaper. As a result of these decrees (and government
subsidies to recycling) there have been large increases in the supply of used paper in Centrd
Europe, and large reductions in prices for recycled paper. At the same time, there have been
large increases in demand for products based on recycled fibers, partly because of the
pressure that environmenta organizations have exerted on newspgper and meagazine
publishers, and other paper users.

Together with the increases in wood and production costs in the Nordic countries, the
increasing supply and demand for used paper have motivated some new drategies for the
largest paper producers. Their main foreign invesments have been directed to recycled
newsprint millsin Continental Europe, which benefit both from the proximity to customers and
the chegp supplies of raw materid in the densdly populated urban aress. The domestic
operations are moving away from commodities, such as market pulp and newsprint, and
focusng more closely on specidized products requiring high proportions of virgin fibers. To
this end, domegtic invetments have largdy amed to improve product qudity and

8 Unlike other types of forest, large shares of the natural Nordic forests are characterized by
periodic large-scale changes, due to regular forest fires. Modern regeneration techniques are
intended to mimic these natura processes, by controlled burning in felled aress.
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environmenta safety. The dtrategies in other product groups, such as sawn goods, are dso
characterized by the emphasis on high-qudity products, added value, and grester materid
processing. It can be expected tha these trends will continue to be strong during the
foreseedble future, not least because of the increasng compstition in world markets for
commodity products coming from countries such as Brazil, Chile, and Indonesia The long-
term ability of the Nordic forestry firms to adapt is closdy related to their assets in terms of
human cgpability and technologica skills, which we have dready discussed in some detail.

4.2 Strategiesin the Pulp and Paper Industry.

Looking more closdly at the companies in the Swedish pulp and paper indudtry, there are Sgns
of severd different development srategies focusing on different products and customers, and
entalling dightly different requirements for skills and research and development efforts.
Although few firms have adhered drictly to any dngle srategy - in paticular, the larger
companies sometimes have severa separate divisons that follow different approaches - it is
possble to identify three main philosophies with conceptudly cler and well-defined
objectives.

TheFiber Strategy.

A firg drategy, commonly entitted the Fiber Strategy, departs from the traditiona
comparative advantage of the Swedish forest indudry: the availability of high-qudity raw
materid, i.e. wood fiber. The pulp producers opting for this strategy select to operate mainly
as suppliers to paper producers in regions with less abundant forest resources. They compete
by supplying pulp with higher qudity or lower prices than ther competitors. Sodra
Skogsdgarna appears to be the Swedish company that most conspicuoudy has operated
according to this strategy.

There are two strong arguments favoring specidization of the type implied by the Fiber
Strategy. Firgly, pulp production is the area where the Swedish comparative advantages are
probably strongest. Both the Swedish pulp producers and the industry’s research ingtitutions
are leading the internationd development, and many of the industry’ s process innovations have
been developed and introduced in Sweden. Secondly, Sweden is located in the periphery of
the European market, which is a disadvantage for firms manufacturing more advanced
products for consumers and industriad customers in continental Europe. More advanced
products must generaly be adapted and designed according to customer preferences, which
benefits producers that are located closer to the market.

At the same time, the Fiber Strategy requires that Swedish prices are not higher than
those of the main competitors. Pulp wood has traditionally been more expensive in Sweden
than in many competing countries, and athough some cost reductions are possible - through
further improvements in forestry practices, introduction of new species, and creation of
indugtrid plantations - they will not suffice to dlow Swedish firms to compete on the basis of
low raw materia prices aone. Furthermore, producers in centra Europe and other densely
populated areas have access to larger and cheaper supplies of recycled paper, which has
become an increasingly important raw materid. This means that the strategy is not likely to be
viable for ample market pulp, nor is it gppropriate during periods with surplus production and
depressed output prices. Y et, the conditions for pulp production were good during the 1990s,
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with high internationa prices for softwood pulp, which meant that the Swedish companies
following the Fiber Strategy were quite successful until the recent price falls

However, in the long run, the raw materid cost disadvantages mean that Swedish
producers must either stay more productive than their competitors, or focus on high-quality
pulp that exploits the specid characterigtics of Nordic wood fibers and does not compete with
the output from existing low-cost producers. At the time being, there are few products
requiring top-grade pulp of this type, and the sustainability of the strategy therefore depends
on the industry’s ability to develop production processes that are more efficient than those
used by competitors enjoying lower rawv materia prices. The strategy aso requires large,
financidly drong firms that are able to weather the inevitable dumps in the pulp industry’s
business cycle.

Strictly speaking, the Fiber Strategy mandates a concentration of the forest companies
research and development efforts to two areas. Firdly, research in the forestry area will be
necessary to maximize yields, in order to counteract the disadvantages related to Swedish raw
materia cogts. Secondly, development of production processes that reduce raw materia use
and increese productivity and efficiency are of centrd importance for long-run
competitiveness. Competence in both these areas is available in Sweden.

However, the trend towards increasing environmental awareness will have a sgnificant
impact on what type of development and progress we can expect. We have aready
commented on some of the achievementsin the forestry sector. The measures taken to protect
old-growth forests and diversity will not increase yields, but rather reduce felling. This sandsin
gpparent contradiction to the need to increase yields, and will probably increase the raw
materid cogs of Swedish producers. Smilarly, recent Swedish innovations in production
processes have focused on adgpting technologies to dricter environmenta regulations. The
toxic emissions from pulp and paper mills have been reduced, and closed production lines with
built-in cleaning stages have been developed. These changes are dso raising production costs,
rather than increasing efficiency and productivity. Y et, the long run competitiveness of Swedish
producers may till benefit from the process, since the environment-friendly forestry practices
and production technologies may provide the quality argument that alows higher output prices.
The innovations will dso make up important advantages for Swedish producers if and when
gricter environmenta requirements are introduced for the main compstitors.

Development of new products that are based on the specid characteristics of Nordic
high-qudity pulp is dso high on the industry’s priority ligt, but research projects aming
explicitly for thiskind of innovations are not common.

TheValue Added Strategy.

A second drategy found in the Swedish pulp and paper industry is known as the Value
Added Strategy, which implies that the sales of market pulp should be phased out over time,
and be replaced by sales of more refined products, embodying higher value added. Some of
the arguments favoring the Strategy are that the disadvantages of high raw materid cods
diminish as more processing is added, that more advanced products alow higher prices and
profit margins, and that there are gains to be made from integrating pulp and paper mills with
downstream production stages. Another motive for the strategy is to reduce the risk that
follows with demand fluctuations. The demand for pulp is condderably more sendtive to
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business cycles than the demand for paper and paper products, and diversification reduces the
exposure to this type of risk.

The Vaue Added Strategy has been implemented by most of the large Swedish pulp and
paper companies, eg. SCA, StoraEnso, and MoDo. In addition to the integration of pulp and
paper production, these companies have aso diversfied by expanding their product range, in
order to reduce the effects of fluctuations in the demand for any specific product. This has
been done through numerous mergers and acquisitions over the past decades, and one result is
that the three leading firms now exhibit very smilar structures. All three produce and sdll pulp,
and in addition, StoraEnso and MoDo focus on newsprint, paperboard, and finepaper,
whereas SCA concentrates on newsprint, finepaper, kraftliner, and corrugated board. Smaller
companies have not had the resources to diversify, but have instead integrated pulp and paper
mills within one of the product lines. For instance, Korsnés, ASSI-Doman, and NCB have
produced different varieties of pulp, kraft paper, and sacks. Trendsin demand and prices have
a notable influence on how the sdes of these companies are distributed between pulp and
paper products. the massive increases in pulp prices in the late 1990s stimulated the saes of
market pulp, wheress the price reductions in the recent past have led to increasing reliance on
higher value products.

The main drawback of the Srategy is that it requires heavy investments in production
fadilities, digtribution channels, and marketing operations, whether it is done from scratch or
through acquigtions of exiging firms. Foreign direct investment is dso necessxry in many
cases, snce sales of more advanced products to foreign customers require presence in the
foreign market. Hence, only large and financidly strong companies are able to integrate and
divergfy to the extent that is amed for. Another problem is that investments have sometimes
been made in fidds where there are no gains from integration: financialy strong companies
have smply acquired their customers without examining whether there are synergy effects from
integreting the operations. This may ill dlow a reduction of risks, since profits from one
production stage can be used to subsidize temporarily less profitable operations, but it does
not maximize the companies tota profits.

There is an gpparent connection between the Vadue Added Strategy and an increasing
emphass on product development in the companies R&D efforts. However, the way the
drategy has been implemented in the mgjor Swedish companies, it has essentidly involved a
shift from pulp to standardized grades of paper, mainly newsprint and kraft paper. In this area,
the main research requirements are related to surface chemistry and printing characteritics.
The Swedish competence in the area is relatively low at present, and sgnificant investments
are necessary to stay competitive. As noted earlier, this is aso one of the fidds where large
collaborative research efforts have been initisted by the organizations in the industry’s
knowledge cluster (the PCP-project). Similarly, Swedish R&D in downstream activities like
printing and packaging has been limited, and increased attention is needed in the future.

The Specialization Strategy.

The search for gains from integration in the larger forest companies has, as noted above, led to
a concentration of production to standardized paper grades. In the Specialization Strategy,
achieving gains from integration is not the centra objective, but the aim is ingtead to develop
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products that can carry high prices and alow acceptable profit margins. The means to reach
this end isincreasing customization of the products.

Technica progress in both the pulp and paper industry and among the industry’s
customers during the past couple of decades has made the Specidization Strategy more
interesting and viable. A wide assortment of new products and product variants have been
introduced as the paper industry’s technology has advanced, a the same time as changes in
eg. printing technologies have created demand for many different varieties and qudities of
paper. Consumer preferences have adso changed. For instance, increasing environmenta
awareness has made it possible to market “green” products, that are manufactured using
environment-friendly processes.

The Specidization Strategy has been chosen primarily by smdler companies. Some
examples are Rottneros, that has supplied up to 50 different qualities of pulp during the past
decade, Klippan-Lessebo, concentrating on cigarette paper, napkins, table cloth, and colored
paper, and Munkedal, that focuses on environment-friendly production processes. Some of
the larger companies have dso adopted elements of the specidization Strategy. For instance,
Ass-Domén and Korsnés have cooperated with the packaging company Tetra Pak to build
strong positions in paperboard containers for packaging of liquids. These examples show that
technological complexity is not a necessary requirement for the strategy, but close customer
contacts are. Consequently, the main problems faced by the Swedish producers focusing on
the Specidization Strategy are related to their location, far from the center of the European
market. The drategy is dso more common among forest firms in continental Europe than in
Sweden.

The intimate connection between producers and their customers makes up a sgnificant
entry barrier for newcomers, and a dightly lower price is seldom sufficient to overcome
exiging business relaions. This means that there are only two effective entry drategies. One
dternative is to develop entirely new products and create new markets. This is very cosly,
both in terms of financid resources and time expenditure. Another dternative is to acquire
dready exidting firms, with established markets and networks of customer contacts, but the
cogs are usudly large here as well.

The markets for specialized niche products are typicaly smal, but they ill require a lot
of management effort. This explains why the leading Swedish forest firms have not been
following the Specidization Strategy, but instead preferred to act on larger markets. The
amdler firms that are prepared to focus on specidization and niche products usualy have very
limited resources for R&D, so the technology content in the sector has remained smdl. Their
limited Sze is ds0 a serious weakness in the long run, since the capital expenditures for new
production facilities are so large that they require large volumes and high capacity utilization.
Thus, the niche drategy is sometimes characterized as a viable dternative only during the last
phase in apulp or paper plant’slife cycle.

One of the main research objectives for firms pursuing the Specidization Strategy is
obvious from the discusson above: less capitd-intensve pulp production processes. This
would dleviate the main long run problem facing this segment of the indudtry, and facilitate a
combination of flexibility and high capacity utilizetion. Another priority area is product
development, with paper coating technology and composite materids as the most promising
topics. In addition, many of the firms pursuing this strategy benefit greetly from the research
and development of more environment friendly forestry practices, processes, and products.
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4.3 Strategiesin the Sawn Wood Products Industry.

The grategies employed in the sawn wood products industry are more difficult to categorize,
because of the very heterogeneous structure of the industry, and because most of the smaller
firms actudly seem to lack explicit drategies. For ingtance, the behavior of the mgority of
Sweden’s 2,500 sawmills cannot be described in terms of the pulp and paper indusiry’s Fiber
Strategy (or any other grategy), dthough the mills concentrate on the production of smple
sawvn and planed wood products without much further processng. The reason is that ther
concentration on manufacturing of basic products is not a result of explicit plans or thorough
market analyses, but rather the consequence of alack of dternatives. The equipment of most
savmills is limited to saws, planing mills, debarkers, and chippers, and there is usudly not
enough skills or capitd in the firm to invest in activities with higher vaue added. Many of the
older sawmills are able to survive only because their overheads are low and their capita
equipment has been written off long ago. In fact, it is not uncommon to see smal sawmills that
are in business only during periods when output prices reach above some threshold leve.

Many of the larger firms in the industry can il be characterized in terms of the Value
Added Strategy used in the pulp and paper industry. The sawmiills are trying to increase the
vaue added of their output by refining the sawn wood in different ways, or by diversfying into
building joinery, pre-fabricated houses, or furniture. The objectives and drawbacks of the
drategy are in many ways similar to those in the pulp and paper industry. Adding processing
dsages is a way to overcome the disadvantages related to high Swedish raw materia prices,
and diversfication helps reduce the volatility of sales and earnings. The necessary investments
are codly, dthough the main barriers are not related to financia srength, but rather human
capitd. Diverdfication requires skilled labor, since the added production stages require
competence in areas that are not familiar for mogt traditional sawmills. Hence, the success of
the strategy is partly dependent on whether the transfer of skills from universities and research
centers will function well: as noted in the discussion of the sawn wood products industry’s
knowledge cluster, this was the main weskness in the present indtitutiona structure.

Vaue added in sawmill operations is increased by adding production stages, like drying,
glue-lamination, finger-jointing, stress-grading, and pressure impregnation, or by establishing
manufacturing of specidly designed components for the congtruction or furniture industries.
Outright diversfication, meaning expangon into building joinery or production of pre-
fabricated houses is another dternative. Only a handful of sawmills have diversfied into
furniture production, presumably because the furniture industry’s distribution network is
entirdly separate from that of other sawn wood products. The furniture producers are more
specidized, and are seldom involved in the Smpler sawmilling operations.

Themain difference between the Vaue Added Strategies in the sawn wood products and
pulp and paper indudtries is that the former focus very heavily on the marketing of products.
Efficdent marketing and long-term cooperation between sawmills and their cusomers have
been difficult because of uncertainty regarding product qudity and lack of product standards.
(Standards for most common pulp and paper qualities have been established long ago.) The
sawn wood products industry’s drategy therefore requires sgnificant investments in the
establishment of product and qudity standards for a host of different wood products, ranging
from congtruction materids to home furniture. A number of such standards - the most widdy
used are related to stress grading and drying - have aready been developed by the industry’s
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knowledge and skill indtitutions, and this is one of the prioritized research and development
areas aso for the future,

The standards for building materids and components regulate features such as Sze,
weight, color, humidity, dress resstance, surface characteristics, and redtrictions on the
number and size of admissible splinters and other imperfections. These apply both for smple
components, such as sructural trusses, and more complicated elements, such as window
frames and doors. In furniture, standards are related to function, durability, and workmanship.
The efforts to establish a common language that facilitate the communication between
producers and consumers are not limited to the national market. With the establishment of the
European Economic Area and possible Swedish membership in the European Union, nationa
standards are to be harmonized across the member countries, and the markets for many of the
more advanced products will expand immensdly.

The sawn wood products industry - in particular, producers of pre-fabricated houses and
building joinery, such as doors, windows, dtaircases, and interior wood panedls - have dso
developed drategies for penetrating the Japanese market. One of the main elements of these
entry dtrategies is to adopt Japanese product standards, and to seek Japanese quality
certification for Swedish products. The specid character of the Japanese market has aso
forced firms to abandon plans to establish own marketing and distribution channds: instead,
Swedish sawmills and house congtructors have entered into various marketing arangements
with Japanese trading houses and producers.

A few of the firms in the building joinery and furniture indudtries have managed to
gpecidize in narrow product segments, such as wooden floors (Tarkett-Pegulan), kitchen and
bathroom cabinets (Bdlingddv. Marbodahl, HTH), and exclusve furniture (Dux). The
requirements for customer contacts posed by this Specialization Strategy are Smilar as in
the pulp and paper industry, dthough brand names, trade marks, and design are more
important and costly to establish. Another characteristic feature of these companies is thet they
have been forced to diversify from wood to other materias as well, in order to specidize in the
functions provided by the products they sdl: the emphasis is on a wide assortment of floors
and cabinets for different purposes, rather than on wood products alone.

4.4 Strategiesfor the Knowledge and Skill Clusters.

The drategic requirements for the knowledge and skill clustersin the paper and pulp and sawn
wood products indudtries differ dightly, because of the differences in the structure of the
industries and inditutions. Y et, both networks are affected by requirements in severd different
aress. education and recruitment, academic competence, research orientation, dissemination of
research results, and financing of research and devel opment.

Education and recruitment.

One of the main differences between the indtitutiona structures in the sawn wood products and
pulp and paper industries is that the former lacks organizations thet are actively involved in the
transfer of skilled personnd from universities and other research centers to the industry. As a
consequence, the academic competence in sawmills and related activities is low, particularly
consdering the industry’s objectives to diversfy production and increase value added. The
flow of students to higher education in wood technology is dso low. The firms in the industry
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recruit during booms, but not during dumps in the business cycle. These variations have a
negative impact on young people's willingness to invest in a wood technology education.
Students are worried that the business cycle will have turned when they graduate after three to
five years, and that they will be unemployed or be forced to seek employment in other sectors
ingtead. Shortages of wood engineers are therefore common.

In the paper and pulp industry, this problem is aleviated through the operations of the
Pulp and Paper Research Indtitute, which recruits engineers as “trainees’ during times when
industry demand is low. This does not only stabilize the labor market for skilled labor, but it
aso improves the connections between research organizations and pulp and paper companies.
Consequently, a mgor chalenge for the sawn wood products cluster is to set up a Smilar
arrangement, with the Inditute for Wood Technology Research filling the void identified in
Table 3.14.

Academic Competence.

The company draegies in the forest industry are dl dependent on the creation of new
knowledge regarding materias, products and processes. Much of the product development in
the pulp and paper industry takes place in the research divisons of the larger companies, but
basic research is done & the univergties and the speciaized research organizetions. The firms
in the wood products sector are smdler and have very limited resources for in-house R&D:
the universities and research ingtitutes account for amost al advanced research.

A generd opinion in the forest industry is that the resources spent on forest related
research at the univergties are much too smdl in relation to the industry’s requirements. The
industry has therefore lobbied successfully to increase the number of tenured professors at the
main universities. During the 1990s, some 20 new full professor’s positions in the forest sector
- each with a connected assstant professor, graduate students, secretaries, and technical
support — have been established at the main research indtitutions. Part of the codts is financed
by the forest industry.

In the pulp and paper sector, the Royd Ingitute of Technology presently employs
tenured professors in pulp technology, paper technology, and wood chemigtry, while the
Chamers Technical University has chairs in forest indudtriad chemigtry. There are dso chairsin
paper surfacing, paper chemigry, and packaging technology (at the Royd Ingtitute) and wood
chemigsry (a Chadmers). The newest postions focus manly on paper and printing
technologies, and environmentally oriented pulp production technologies.

In the sawn wood products field, there are presently tenured postions a the Roya
Ingtitute of Technology (wood technique) and the University of Luled (wood technology). The
Royd Indtitute dso has professorsin wood physics and wood drying, wood materia research,
and glue-laminated wood and composite materids. In addition, there are severa tenured
professors in wood and forestry related aress at the University of Agricultural Sciences,
focusing on issues like wood protection, bio-technology, and timber qudity. The newest
positions in the wood products field focus on wood substitutes, wood physics, and integrated
production systems, and are based in the southern part of the country where most of the
wood-working industry is located.

Another objective of the industry’s research gtrategy is to improve the cooperation and
coordination between the universities and the independent research organizations. To this end,
there are attempts to concentrate the academic programs to two large research departments at
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the Royd Ingtute of Technology and Chamers. This would not only facilitate the coordination
of activities, but dso dlow the departments to benefit from economies of scae.

Resear ch Orientation and Dissemination of Resear ch Results.

The large firmsin the pulp and paper industry devote significant resources to commercid R&D
(about 4 percent of value added, as noted in the previous part) and concentrate on the
development of products and processes that are of immediate commercid value. The basic
research is carried out in the industry’s research inditutes and at the universties. Presently,
there is no clear division of responsbilities between the indtitutes and universities. Another part
of the indudtry’s drategy is to define more clearly the areas of responsbility for these two
inditutions.

Much of the university research takes the form of doctoral or licenciate dissertations,
which implies that the projects involved are of a reaively long-term nature. It is often
impossible to direct dissertations to focus on the issues that are of acute interest to the
industry. The industry’ s research inditutes, on the other hand, are much more flexible, and can
st up comprehendve research programs on relatively short notice. This distinction defines a
naturd divison of responghilities in research orientation. Regarding presentation and
dissemination of research results, there are Smilar differences. The universities' research efforts
are published in condensed form in academic publications that are not easily accessible for the
industry. Hence, the Pulp and Paper Research Ingtitute and other organizations make up a
naturd bridge between the academic inditutions and the industry. In addition to presenting
their own origina research, these organizations are expected to take on a larger responsibility
for the dissemination of academic findings, presented in a more operationdly oriented manner.

A dmilar labor divison applies for the relation between the sawn wood products
indugtry, the research organizations, and the universties. The main difference is that the
industry’ s expenditures for in-house R& D are very limited, meaning that the knowledge cluster
will be responsible also for product and process development (and not only basic research) in
the short and medium run. Moreover, the task of disseminating research results is very much
more complicated, since the industry is so fragmented and there are few academicadly
educated employees. Much resources must therefore be spent on finding efficient channels for
the trandfer and dissemination of innovations. It is likey that an intermediary between the
research indtitutions and the individual companies must be crested for this purpose, Snce most
sawmills and related plants are too smal to handle the contacts vis-avis the research
ingtitutions. Some local and regiond networks of small companies have dready been created
to manage the communication, with research results coming in one way and information about
the companies needs and problems going the other way. This is a costly way of cregting the
links, since the participating companies must employ a full-time adminigtrator, but the results
have gpparently been pogtive. The success of these operations will not only influence the
profitability of the sawmill industry, but aso have a profound impact on the industry’s future
demand for academicdly educated personne. Sawmills and related plants will demand
engineers and other highly skilled employees only if they understand what the skills can be
used for.

Financing of Resear ch and Development.
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In the same way as the forest industry’s demand for academicdly educated personne
fluctuates with the business cycles, the industry’s expenditures on research and development
(both in-house and in the industry’ s research organizations) adso exhibit a cydlica pattern. This
is unfortunate, Snce most research is of a cumulative character: it is costly to compensate for
temporary reductions in research efforts, especidly if researchers are laid off or relocated to
other activities during the dumpsin the business cycdles.

A less voldile sysem for the financing of R&D is therefore an additiona objective in the
drategy for the industry’ s knowledge clusters. Idedlly, it should be possible to cumulate funds
during profitable years, in order to spend them when the current income is not sufficient to
maintain the dedred leve of activity. Swedish tax laws have not encouraged this kind of
solution, but the industry has for a long time lobbied for suitable changes. Basic university
research has been less volatile, and dtate financing of some of the larger research indtitutes,
such as the Pulp and Paper Research Inditute and the Inditute for Wood Technology
Research, has had a mild countercydlica effect, but this has not benefited the industry’s in-
house R&D.

Effects

While a detalled andyss of how these drategies have affected the industry’s performance
during the 1990s is beyond the scope of the present study, some comments are ill in order.
Firgly, the measures taken to strengthen the industry’ s competitiveness have been moderately
successful. The sector’s aggregate production increased by some 20 percent by the late
1990s, with higher incresses in high-value added activities. For instance, while output of
newsprint actudly has fdlen during the past decade, there have been larger increases in
production of more sophisticated paper qualities. The vaue of exports grew sgnificantly faster
than total production, from around 60 billion SEK in 1990 to nearly 100 billion SEK 10 years
later. However, this increase was not only due to higher productivity and competitiveness, but
rather caused by the large depreciation of the Swedish currency after the financid crigis in
1992. In fact, the forest sector’s share of total exports has falen from around 20 percent
around 1990 to 13-14 percent in 2000.

Secondly, the structura changes in the forest sector have continued. The production
structure has become more concentrated in both paper and pulp, sawmills, and sawn wood
products. This is likely to be particularly beneficid for productivity in the sawmill and sawn
wood product industry. In paper and pulp, the structural changes reach across nationa
boundaries, as the European paper indudtry is adjusting to the Single European Market. For
ingance, Swedish Stora and Finnish Enso merged in the mid-1990s, in order to achieve
economies of scae in R&D and to coordinate their continenta European production and
digtribution networks.

Thirdly, the efforts to strengthen the industry’s knowledge and skill cluster have been
reasonably successful. Severad new programs in higher education and research have been
established over the past decade, Sgnificantly raising the total investment in forest-related
R&D. For ingtance, a new research center for pulp and paper technology has been established
a Mitthdgskolan Univergty in Sundsvall, with main backing from the forest company SCA.
New research projects focusng on sawn wood products, with financing from industry,
government, and the European Union, have been edtablished in the Ddarna region in the
centra part of the country. Similarly, a broad program for wood product development has
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been established a Luled Technica University. Altogether, severd hundred million SEK have
been invested in these ventures over the past decade. While the overdl growth rate of the
forest sector is likdy to remain modest over the foreseegble future, it is likdy that these
investments will make it possble for the industry to maintain its competitive pogtion. This is
important, not least because the forest sector’s net exports, amounting to some 75 billion SEK
in 2000, are Hill as large as the aggregate net exports of telecommunications equipment and
electronics, cars, and pharmaceuticals, which are a the core of the “modern” economy of
Sweden. It is hardly possible to overestimate the importance of this source of hard currency
and import capacity: Swedish economic development would undoubtedly be dower and more
uncertain without these assets.
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5 THE EMERGENCE OF THE NORDIC TELECOM INDUSTRY

At the same time as substantia resources were invested in the forest industry’s knowledge
cuger in the early 1990s — to protect and perhaps even srengthen the industry’s
competitiveness in a congantly changing international business environment — the Nordic
economies were adso in a process of fundamenta structural change. Although the traditiond
raw materid based indudtries were able to maintain their strong positions, they were quickly
oveteken by the rapidly growing information and tdecommunications sector. The
frontrunners, companies like Nokia and Ericsson, have not only become drategic actors in the
Finnish and Swedish economies, but have aso gained condderable internationd fame. For
instance, in early 2000, Nokia joined the ranks of Microsoft, Cisco and Generd Electric in the
top ten list of the world's most vauable companies.

The step from raw materid based indudiry to high-tech activities like telecommunications
and information technology may appear large, but we will argue below that there are important
amilarities between the two. In particular, knowledge and human resource development — in
the form of well developed knowledge clusters, as in the mature forest industry, or in the form
of in-house assts, asin the early stages of Nokia s and Ericsson’s breskthrough in the mobile
phone industry — have been essentia for success in both sectors. While it is not possible to
systemdticaly create innovations, likethe NMT and GSM technologies that propelled Nokia s
and Ericsson’'s breskthroughs, it is possble to sysematicdly prepare for those commercid
and technological opportunities and chalenges that will inevitably occur. Both Nokia and
Ericsson were wdl prepared when the pivotd innovations emerged, and could therefore
exploit the opportunities that opened up.

The following section outlines Nokias developmert from a raw-materia based
conglomerate to a high-tech telecom producer, with some focus on how the skills and
knowledge needed for a high-tech breakthrough have been acquired. Section 5.2 points to
some of the factors explaining Ericsson’s success.

5.1 Nokia

Nokia is today best known for its mobile phones and telephone systems, but
telecommunications has not been at the core of the company’s business for more than about a
decade. Yet, the history of Nokia reaches more than 100 years back in time. In 1865, the
mining engineer Fredrik ldestam established a groundwood mill in Tampere in southwestern
Finland, expanding it in 1869 to the nearby village of Nokia There, the river Emakoski
provided the energy needed for Idestam’s business venture, Nokia Ltd, which soon became
Finland's largest pulp and paper mill. Some decades later, in 1898, the newly established
Finnish Rubber Works aso set up production at Nokia, attracted by the hydropower
resources of the Emakoski rapids. In 1912, Finnish Cable Works was established in Helsinki,
to supply the cables and wires needed for the dectrification of the country’s emerging
indugtrid sector. In dl three cases, much of the reevant technology was imported. Idestam
had studied the pulp technology during his travels in Germany in the early 1860s. The engineer
Antti Antero, long-time manager of Finnish Rubber Works, had studied a Russo-French
rubber factory in Riga, Latvia, Arvid Wikstrom, founder of Finnish Cable Works, had studied
Werner Semens' innovations in cable production technology in Germany. All three companies
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rapidly managed to gain a strong pogtion in the domestic Finnish market, as well as afoothold
in the large Russian market: before independence in 1917, Finland was a Grand Duchy under
Russanrule

These three companies are the predecessors of today’s Nokia. In 1918, Finnish Rubber
Works acquired the mgjority of the shares in Nokia Ltd, to secure access to the hydropower
resources at Nokia Some years later, the new conglomerate also took control of Finnish
Cable Works. Although a merger of the three companies was discussed aready during the
1930, it was not redized until much later, and the three companies were alowed to develop
independently during the following decades. All three were successful. Nokia Ltd became a
large conglomerate producing eectric energy, pulp, and paper, mainly toilet paper. Finnish
Rubber Works produced rubber boots and car and bicycle tires, with the development of the
world's first winter tire as a particular success. Finnish Cable Works posted the most
impressive performance of the three, partly as a result of Finland's war repatritions to the
Soviet Union after the Second World War. The bulk of war reparations were made in the
form of industria products, and Soviet demand exceeded the surplus capecity of Finnish
industry. However, the lack of hard currency had led to strict import restrictions which made it
hard to raise production capacity: instead, productivity increases were necessary to manage
the war reparations. By the time the war reparations were completed, the Cable Works had
not only been forced to improve productivity, but it had aso secured a market in the Soviet
Union that was able to absorb amost unlimited amounts of cable and wire. The existence of
what seemed like a secure export market was a strong motive to increase capacity as soon as
the post-war currency redtrictions were lifted. Diversfication was aso possible: an electronics
department with a group of R&D engineers was established in 1960, and resulted in the
development and production of a variety of eectronic goods. For instance, in 1962, Finnish
Cable Works developed a prototype radiotelephone at the request of the Finnish Army (in
competition with the country’s two other leading eectrica engineering firms Sdoraand Televa
and the Swedish producer Sonab). The Army was eventudly not able to place any orders due
to cuts in the defense budget, but the companies found other customers. Teeva's
radiotelephones were sold to the Finnish police force, Salora sold to the coast guard and the
date railway company, while Cable Works supplied the Postal authorities and exported
successfully to the Soviet oil and gas industry (Pulkkinen 1997:75).

Nokia Corporation

In the mid-1960, the suggestion to merge the three companies came up again. Although there
were good reasons for a merger — in particular, dl three had outgrown the home-market and
were hestant to take on Western export markets on their own — there were aso problems and
risks involved. One problem was gructurd: there were clear synergies between cables and
wires, dectronics, and rubber products, but it was unclear how pulp and paper would fit in.
Another complication was the difference in enterprise cultures. Unlike Nokia Ltd and the
Rubber Works, Finnish Cable Works was a modern and reasonably dynamic company. It
was d<0 fdt that the management of Finnish Rubber Works in particular was less flexible and
more hierarchica than the others, with frequent conflicts and srikes as a result (Bruun and
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Wallén 2000:17-19).° Stll, the outcome was a decision to merge dl three companies into
Nokia Corporation in 1966, under the leadership of Cable Works CEO, Bjorn Westerlund.

Nokia Corporation was organized in four divisons. Paper, Cable, Rubber, and
Electronics. The eectronics divison was the smalest of these, with only 460 employees and 3
percent of the conglomerate' stota turnover in 1967. The fastest growth during the 1960s and
1970s occurred in the Cable divison, but sgnificant resources were dso invested in the
Electronics divison. In particular, the research department was given generous funding for
product development, athough its profitability was very low or even negative for along time.
Yet, Nokia's CEO Westerlund made sure that the electronics workshops had access to the
latest technology, and protected the division’s independence againg criticism from the board
of the Cable divison, who argued that the entire Electronics divison should be closed down
(Bruun and Wallén 2000:22).

In addition to his long-term support to the Electronics divison, which would eventudly
develop into the Nokia we know today, Westerlund was dso instrumenta in setting up a
strategy for Soviet trade. Soviet demand for cable, radio telephones, rubber boots, and other
Nokia products gppeared unlimited during the 1960s and 1970s. After the first oil crissin the
early 1970s, so did Soviet import capacity. The trade between Finland and the Soviet Union
was essentidly barter trade, with the Soviet Union supplying oil and other raw materids in
exchange for indugtria products. The massive increases in the internationd oil price after 1972
trandated into corresponding increases in the Soviet Union's ability to pay for imports
(Haavigto and Kokko 1991). Many Finnish companies, including Nokia, became increasingly
gpecidized in Soviet trade — dtogether, the Soviet Union accounted for more than one-fifth of
Finland's externa trade until the 1980s. However, Nokias Soviet export potentid was
ggnificantly larger than the actudly redized exports. To avoid becoming dependent on the
Soviet Union, Westerlund insisted that any increases in Soviet trade should be matched by
increases in trade with the West (which in practice meant a restriction on exports to the Soviet
Union). When he resigned as CEO in 1977, handing over control to Kari Kairamo, haf of
Nokia s exports were directed to the socidist block, with the other half going to the West.
Many large Finnish export companies that faled to implement smilar redtrictions for the
lucrative dedlings with the Soviet Union ended up in savere crisis in 1991, when Soviet trade
collapsed.

To become a high-tech company

When Karamo took over Nokia in 1977, it was Finland's largest privete company, with
around 16,000 employees (or about 2 percent of the country’s industria labor force). At this
time, Nokia was sill primarily a producer of paper, tires, and cable, but Kairamo was
committed to change this and to transform Nokia into a leading high-tech company. The
foundation was dready in place, in the form of Nokias Electronics divison, which had
managed to diversfy dgnificantly during the preceding decade. The production of

® Another complication was that Finnish Rubber Works was closdy tied to Finland's
Swedish-gpesking community through its bank, Foreningsbanken, while Nokia AB was
connected to Kansdlishanken, the bastion of Finnish-gpeaking capitdism. The compromise
was that the two banks were given equd ownership shares and equd influence in Nokia
Corporation.
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radiotelephones had expanded when a nationwide public radiotelephone system had been
established in the early 1970s. Since the late 1960s, there had also been discussons about the
establishment of a Nordic mobile telephone network, and an open standard for telephones,
base stations, and exchanges had been agreed in 1976. The cllular NMT network that was to
be launched in the early 1980s in dl the Nordic countries pushed Nokia (as well as the other
Finnish producers Televa and Sdlora) to develop new products for what was expected to be a
rapidly growing market. Nokia had aso been marketing Siemens, Bull, Elliot, and Honeywell
computers in Finland since the late 1960s, and had found a market adapting foreign computer
equipment into package solutions for domedtic industrid customers, eg. the nuclear power
plants built in Finland during the 1970s. By the late 1970s, the learning process had been
successful enough to alow Nokia to produce and market its own computer terminas.
Focusing on industriad customers, like banks, the postdl service, and large retail chains, Nokia
computer terminas and cash registers actualy came to dominate the Nordic markets in the
1980s. By that time, Nokia had aso managed to develop a very successful portable
microcomputer that serioudy chalenged the dominance of Apple computers in the Nordic
market.

But capturing the Nordic market was not enough for Kairamo, who had more ambitious
plans for the company. Internationdization was the key objective. The problem was that
Nokia could hardly develop into aleading internationa player in high-tech indudtry if it was to
rely soldy on interndly generated growth. The company was too smdl, and dthough the
Electronics divison had been reasonably successful, it gill lacked the necessary skills and
experience to take on the world market. It was therefore necessary to focus on aliances and
acquisitions to secure the strategic resources needed to grow large enough to compete with
the large European, Jgpanese, and American incumbents in the internationa eectronics
market. This srategy was played out in two aress. telecommunications and televisons.

Telecommunications

In the 1970s, Finland had three mgor actors in the telecommunications industry: Nokia,
Sdora, and Televa Sdlora, which had televisions and other consumer electronics as its core
business, was the market leader in radiotelephones and had a 30 percent market share in the
Nordic region. Sdora s main sales argument was a technicaly advanced telephone that could
operate on a larger number of channels than those of the competitors. Televa, which was
state-owned, was stronger in telephone systems. In particular, Televa had been developing
compuiterized telephone exchanges since the late 1960s. Unlike Siemens, Ericsson, and other
large competitors that focused on analogue technology in the early 1970s, Televa was
experimenting with both analogue and digital systems dready from the outsst. However, the
project to develop a digita telephone exchange did not receive much support from company
management. It was run by the young engineer Keijo Olkkola and a handful of colleagues,
who were gtruggling to maintain the financing of the project. Bruun and Wallén (2000:49)
report that the financing for Olkkola's research team was cut in each year's prdiminary
budget, only to be “temporarily” reindtated after heavy lobbying by Olkkola In 1973,
Tedeva s management findly presented an ultimatum to the project tesm. All financing would
be stopped unless a buyer was found. After difficult negotiations, an agreement was made the
same year to supply adigital exchange to asmall 700-person municipdity in the archipelago of
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southwestern Finland, Houtskér. This deal secured the future for the DX-200 switchboard,
which eventualy became an essential component in Nokia s GSM systems.

Meanwhile, competition with Saora pressured Nokia to improve its radiotelephones,
and important technical improvements were made during the 1970s. For instance, Nokia
introduced a duplex filter that alowed both parties in a radiotelephone conversation to speak
at the same time — the earlier technology had only alowed one party to spesk at atime, ending
each statements with “over” to sgnd that the other party could respond. The chalenge from
the new NMT system that would be introduced in the early 1980s, however, seemed hard to
handle. The three Finnish radiotelephone producers and Swedish Ericsson were not the only
ones busily engaged in product development for the NMT system. The standard was severd
years ahead of developments esewhere in the world, and most leading companies — including
Semens, Motorola, Hitachi, NEC, and Mitsubishi — had decided to enter in order to stay on
the frontier.

Discussions about collaboration between Nokia and Salora had therefore started aready
in the mid-1970s, and in 1979 the two companies decided to establish a joint venture,
Mobira, to poal their research and development resources. By this time, Salora was pressured
by severe financid problems and there was little doubt that Nokia was the dominant partner,
athough forma ownership was shared equaly. The initid aim was to capture a 50 percent
market share in Finland and 20 percent in the other Nordic countries, but Nokia s CEO Kari
Karamo aso argued that the company should not settle for market leadership a home, but
ingead am for the European and world markets. To begin with, being big in the North meant
being a globa player, since the Nordic countries accounted for haf of the world's cdlular
phone saes until the mid-1980s.

After the first few years, the challenges increased. Nordic proposals to adopt the NMT
as a European standard were rejected in favor of nationd standards that largely aimed to
protect nationd producers. Five mgor andogue systems emerged: in addition to the NMT
(which was dso adopted in Audtrdia and severd Asa-Pacific economies, aswel asin Eastern
and Centra Europe), the main ones where the Japanese NTT, the US AMPS (which was
adopted throughout the Americas and in parts of Asa), the UK TACS (which was used in
Irdland, Italy, Spain, the Middle East, and the Far East), the German C-NET (also used in
South Africa and Portugd), the Itdlian RTMS, and the French RC-2000. All of these systems
were mutualy incompatible. To become a globd player, it was therefore necessary for Nokia
(that had bought Sdlora's shares in Mobira dready in the early 1980s) to adapt to a multitude
of standards. It turned out that Nokia was the only European manufacturer to aim for a global
market in the 1980s’® The large Europesn companies Alcatel, Ericsson, and Siemens
restricted their operations to the Nordic and Continental European standards, staying out of
the AMPS and TACS markets (Pulkkinen 1997:104). The decision to compete head-on with
Motorola and the large Japanese manufacturers from the very beginning was perhaps the
clearest expresson of the management’s ambition to become a globa company. It was
believed that the tough competition and the need to adapt to al the different mobile phone
standards would force the company to acquire the skills needed to succeed at a globa scale.

19 The brand name Mobira was changed to Nokia-Mobiar in 1986, and survived until 1989,
when the telecommunications divison began to use the Nokia brand, sgnding the gradudly
increasing importance of this business areafor the entire Nokia conglomerate.
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In 1984, Nokia bought the rest of the consumer eectronics producer Salora. The
acquigition of Salora's assets — in addition to technology, Salora had aso cumulated much
competence in distribution and marketing of consumer ectronics — was of greet importance
for Nokia's subsequent success in digital cell phones in the 1990s. In the mid-1980s, Nokia
aso entered into severa other dliances in phone production. One of the most important ones
was a joint venture in 1984 with US Tandy corporation, which marketed Nokia phones
through its Radio Shack outlets. Nokia and Tandy aso established joint production of cell
phones in South Korea. Arguably, Nokia benefited greetly (and learned much) from Tandy’s
competence in cost-efficient production design and from its sdes and marketing skills
(Pulkkinen 1997:152). The acquisition of the UK-based Technophone in 1991 was another
notable event. Technophone had production in the UK and Hong Kong, and an export
network covering 40 countries, in many of which Nokia s own distribution system was week.
Morover, Technophone was considered a more efficient producer than Nokia, with shorter
manufacturing times and lower labor utilization rates (Pulkkinen 1997:138).

Regarding telephone systems, Nokia had little in-house capability until the mid-1970s.
The increasing demand for computerized telephone exchanges forced Nokia to send a
research team to Alcate in France to learn al that was needed to start license production of
Alcad’s new digitd exchanges in Finland. This meant that Finland suddenly had two
companies developing competing digital exchanges: Televa with Olkkola's smal research
team, and Nokia with its French technology. The Finnish post and telecommunications
authority argued that this was not feasible in a smal country like Finland, and encouraged the
two companies to collaborate. The result was a joint venture, Telefenno, owned in equa
shares by Nokia and the Finnish state. Nokia's first demand was to discontinue Olkkola's
digital exchange project so that Telefenno could focus on the existing Alcatd system. Only the
exigting contract with the small Houtskér municipality saved Olkkola’'s DX 200 project.

To begin with, Tdefenno marketed three different sysems Telefenno's andogue
exchange, Alcatd’s digitd exchange, and the DX 200 system, which was not yet in
production. The choice between these three was decided largely by the Soviet preference for
Olkkola's system. The domestic Finnish market was smal, and the export potentia in the
tightly regulated Western markets was very limited: amost each country had a domegtic
producer that was protected by nationa preferences in public procurement. Hence, it was
believed that the only opportunity to achieve economies of scae in production was to sdl to
the Soviet Union and other east block countries, and a preliminary export contract was signed
dready in 1977. The successful introduction of the DX 200 in Houtskér in 1980 confirmed
that the choice to focus on the domedtic solution had been right. A short time after the
introduction of the exchange in Houtskér, orders came in from the telephone companies in
Helsnki and Tampere, Finland’s two largest cities. By 1984, DX 200 had 50 percent of the
Finnish market. Nokia had not had any part in the development of the firss NMT system that
was introduced in 1981, but the second generation of the NMT, introduced in 1986, was
largely based on the product. Nokia's GSM systems that took over in the early 1990s aso
include DX 200 as an essential component. Much of the development work for the GSM
technology was done in collaboration with Alcatd, which had dready established a relation
with Nokiain the 1960s, and the German AEG.

The acquisitions and dtrategic aliances that were made during the late 1970s and 1980s
were of centrd importance for Nokids transformation from a raw materid-based to
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knowledge-based high-tech company. Another component was a broad push for human
resource development within the company. One part of CEO Karamo's internationaization
program was to encourage as many as possible of Nokia's Finnish gtaff members to gain
international experience by working in Nokia's foreign affiliates™ Another area was formal
educeation. Kairamo was engaged in severd ventures to improve the Finnish (and European)
public education system, which was considered bureaucratic and old-fashioned. Among other
ideas, Kairamo emphasized the need for broad internationd student exchange programs,
stressed the need for continuous, life-long learning, and called for close collaboration between
industry and academia. The mogt tangible result was the establishment of “Nokia University”.
This was a comprehensve and ambitious education program managed by severd Finnish
universities in collaboration with Nokia, with the am to raise the forma competence of al
Nokia employees by one level. Bachelors were encouraged to obtain Master's or Licentiate
degrees, and Masters and Licentiates were expected to aim for Doctorate degrees. The
increase in the level of human resources was essentid for Nokia s ability to absorb and diffuse
the skills and knowledge that were obtained through acquisitions and strategic dliances during
this stage of Nokia s development.

Taken together, this meant that Nokia was well prepared for the future development of
the globa telecom market by the late 1980s. The company was, in competition with Motorola,
the world' s largest mobile phone producer during 1986-1989. Nokia had aso been the firgt to
present a mobile telephone that could reasonably fit in a pocket, the Mobira Cityman. About a
quarter of the world's NMT telephone systems were supplied by Nokia. The company had
developed or acquired both the technica skills and the marketing, sales, and distribution skills
needed for a globa breskthrough. But there were aso problems. Mobile phones and
telephone systems accounted for less than 15 percent of Nokia's turnover.*? Cables, rubber
products, and forest products were more important. The quantitatively largest part of Nokia's
busness, however, was consumer dectronics, in paticular TV sats, and information
technology (e.g. computers). The drive to make Nokia had not been focused on
telecommunications — it was hoped that Nokia would make its breskthrough as a televison
and computer producer. Instead, these business areas nearly caused the collapse of the entire

company.

1 Kairamo argued that not only Nokia but &l of Finland should become more outward
oriented, which made him a strong proponent of Finnish membership in the European
Community long before this was a paliticaly correct view. In this context, Bruun and Walén
(2000:37) report that Kairamo's vison was “to see a Finnish name in the passenger list every
time an arplane crashes somewhere in the world”.
12 Thanks to the very lucrative exports of DX 200 telephone exchanges to the Soviet Union, it
is likdy that the share of profits was sgnificantly higher, but there are no detailed data on
Nokia s earnings from Soviet trade.
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Televisons

Although Nokia's Electronics division had recorded some success in the development of
computer terminds and monitors for industria customers in the mid-1970s, Nokia turned
down an offer to buy the debt-ridden television producer Salorain 1977. The main argument
againg the ded was that Nokia lacked experience from Sdoras man busness area
consumer electronics. The Electronics division was used to producing, marketing, and selling
customized solutions to large industrid clients — mass production and marketing to hundreds of
thousands of private customers were not on the agenda. However, times changed rapidly.
Nokia's successful development of stationary and portable PCs introduced new marketing
chdlenges. The success of the NMT system pushed Nokia in the same direction: athough
mobile phones were sold in tens of thousands rather than hundreds of thousands of units, most
customers were private consumers buying a sngle set rather than companies or inditutions
buying larger amounts.

After the establishment of the Mobira joint venture in 1979, Nokia had aso learned more
about Sdlora. When a new offer to buy Salora came up in 1984, it was therefore decided that
Nokia would enter the consumer eectronics field a a large scale. Salora was not the only
acquistion in this field. In rgpid successon, between 1984 and 1987, Nokia bought three
other television producers. Swedish Luxor, French Oceanic, and German Standard Elektrik
Lorentz. By 1987, consumer eectronics accounted for more than a quarter of Nokia's
turnover Nokia was Europe s third largest and the world's ninth largest producer of televison
sets. As in the mobile phone business, Kairamo argued that it was imperative for Nokia to
internationaize rapidly and to meet the main competitors face on.

Nokia s activities in computers and information technology expanded in the same way.
The main acquisition in this area was the take-over of Ericsson Information Systems in 1987.
The Ericsson divison had itself acquired companies like Facit and DataSaab some years
earlier. The new company, Nokia Data, was one of Europe's largest computer companies,
employing over 8,000 people and accounting for over 20 percent of the Nokia group's
aggregate turnover.

The heavy investments in consumer eectronics and information technology suggest that
Nokia's management saw this as the company’s future core business. This was a massve
miscaculation. The European market for televison sets was saturated, and in particular the
German Lorentz was generding large losses. Other backlashes followed. Severd leading
members of the mobile phone divison left the company in 1988, after a conflict with the CEO,
Karamo. Rumors about a merger with Volvo, or even a sde of the telecom operations,
flourished. The return on the invesments in the US market was fdling. The suicide of Kairamo
in December 1988 seemed to be the low point in the company’s history. But things became
WOrse.

Although Nokia s mobile phones and telephone exchanges generated substantia profits
during the following years, the expenditures were aso huge. The losses from the consumer
electronics divison were as large as the profits from the telecom sde. In addition, massve
R&D expenditures were needed for the development of the digitdl GSM system. The period
from 1989 to 1992 can be characterized as a struggle for surviva, which culminated in 1991.
That year was not only marked by the beginning of the severe banking and financid crigs in
Finland, but also by the collapse of the Soviet Union. This cut severely into Nokia s cash flow,
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and forced the new CEO, Simo Vuorilehto, to extreme measures. In principle, al of Nokia
was put up for sale. Thus, Nokia's Paper divison was sold to the American JA/Mont in 1991.
The Rubber divison was dso sacrificed. The tire production was sold to Japan’s Sumitomo,
while footwear production was spun off into a separate company. To cover the losses in the
consumer eectronics division, Nokia Data was sold to the UK-based company ICL (owned
by Fujitsu) in 1991. The rest of the company was offered to Swedish Ericsson for afraction of
Nokia's present market vaue. Ericsson was willing to acquire Nokia's mobile phone and
telecommunications divisons, but eventualy declined the offer when it was told that consumer
electronics — reed televisons — mugt aso be included in the agreement. All in al, Nokia shrunk
from 44,000 to 22,000 employees during Vuorilehto's three and a hdf years as CEO, from
the beginning of 1989 to middle of 1992, when he was succeeded by the current company
president, Jorma Ollila

Nokia'srecovery: GSM and design

The turnaround for Nokia came with the breakthrough of the digitadl GSM technology in 1991
and a smultaneous turnaround in Nokia s mobile phone design strategy. Nokia had begun the
development of its firsde GSM network (largely on the basis of the DX 200 switchboard) in
1987, when it entered into an dliance with Alcatd and AEG. The first orders came from
France and Germany in 1988, with operators in Audtria, the Netherlands, and Finland
following the year thereafter. By 1990, new orders were flowing in. European integration was
an important factor in enlarging the market for Nokia. The Single Market program stressed the
need to raise the level of competition in Europe, and most countries licensed severd operators
for the new GSM systems, dl of whom needed to set up their own networks. Increasing
openness in public procurement aso contributed to enlarge the international market.

The first of these new GSM networks was inaugurated in Finland in July 1991 by Nokia,
and the firg phone cdls were made with Nokia s new digita cdl phones. The following yesr,
Nokia delivered GSM systems to 7 European countries as well as Audtrdia, New Zedand,
and Hong Kong. At the same time, orders for the old NMT systems continued coming in,
mainly from the former Soviet Union and the East and Central European transition economies.

It was clear that the construction of new networks would aso lead to increased demand
for phones. At the end of 1991, there were an estimated 13 million mobile phones in the
world, and Nokia's forecast was that the number would double each of the following years.
More capacity was therefore needed. Nokia has adready set up a new production line
adjacent to the Lorentz factory in Bochum, Germany, and now British Technophone, Europe' s
second largest mobile phone producer, was also acquired. Severd new products were also
introduced.

Up until about this time, Nokia s advances in mobile phone production had largely been
driven by technologica progress. The size of phones had been reduced at a steedy rate, from
the large and clumsy “luggable’” car phones of the early 1980s to “transportable’ phones in
the mid-1980s, and hand portable phones shortly theresfter. Each new mode had been
smaller than the previous, and therefore “more’ mobile and portable. By the early 1990s, the
gze of mobile telephones had been reduced to a few hundred grams, with most manufacturers
focusing their marketing efforts on the size and technica characteridtics of their product. With
its NMT 101 phone that was presented in January 1992, Nokia made a U-turn in its
marketing strategy. Design and aesthetics were the new sdes arguments, and Nokia Sarted
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targeting the mass market rather than the professona businessmen (“yuppies’) that had been
the standard customers.*® Optional colored phone covers were introduced later the same year.
The phone became a great success, and helped Nokia recover the market shares that had
been logt during the preceding difficult years. Severd new modds of GSM telephones,
typicaly with innovative design and strong focus on consumer needs, were introduced during
the following years, and by the mid-1990s, Nokia had managed to transform the mobile phone
from an exclusive capitd good to a differentiated consumer good. To begin with, Nokia had
little competition in the GSM phone market. Motorola maintained a focus on andogue
technology severa years longer than the European producers. A British attempt to establish a
new manufacturer, Orbitel, failed. The toughest European competitor, Ericsson, focused more
on systems than phones. Arguably, Nokid s head start in the GSM fidd gave it the advantage
necessary to become the market leader for the remainder of the 1990s. Nokia has not
recorded any losses since 1992.

Under Qllila s management, Nokia has continued focusing on tedlecommunications. The
Cable divison was sold in 1996 to the Dutch NKF Holding. The production of televisonswas
rationdized. In 1992, Nokia's televison production had employed 6,000 people in 6
factories. By 1994, only two establishments remained, in Turku, Finland and Bochum,
Germany, with some 3,000 employees. In 1996, the Bochum establishment was closed, and
the Turku factory was findly sold, to Hong Kong-based Semi-Tech. The only part of Nokia's
consumer dectronics invesment remaining in the company is a multimedia production unit in
Turku. The four divisons that make up today’s Nokia are Nokia Networks, Nokia Mobile
Phones, Nokia Ventures Organization (financing various gpplications and software
development for Nokias products) and Nokia Research Center. The focus on
telecommunications has been an enormous success. By the year 2000, Nokia had grown to
more than 55,000 employees throughout the world. The stock market vaue of the company
had increased from around 1 billion USD in 1990 to over 230 billion USD in 2000, totaly
dominating the Finnish corporate sector: Nokia aone accounted for over 60 percent of the
vaue of the entire Helsinki stock market, and nearly a quarter of the country’s exports.

Ollila dso brought back some of the focus on human resource development and life-
long learning that was lost during the criSs years before 1992. As a result of the structural
changes in the company — the expangon of the telecom activities and the sale of everything
else — Nokia has managed to raise the average education level (and reduce the average age)
of its staff dramatically. The recruitment of skilled engineers to the expanding telecom divisons
has been facilitated by close collaboration between Finland's universities and Nokia (as the
former CEO Karamo demanded). The risk that Nokia may concentrate its strategic activities
outsde Finland if it cannot find enough skilled professonas in Finland has been used to judtify
heavy investments in higher technical education. Nokia has aso contributed significantly to the
externa financing of universty research. In fact, while most academic areas have bardy
recovered from the budget cuts made during the Finnish crisis years in the early 1990s, there
has been massve expanson in dectricd enginesring, information technology, and related
aress.

13 Anillustration of thisis Nokia s campaign for the NMT 101 in the US. “The Japanese made
the smdlest. The Americans the lightest. But the Finns made the best.” See Pulkkinen
(1997:119).
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Success factors

Summarizing some of the determinants in Nokia s transformation from a raw materia based to
a knowledge based high-tech company, it appropriate to put particular emphasis on two
factors that were noted dready in the discusson of the forest industries long-term
sugtainability. Firdly, it is clear that the acquisition of knowledge and skills has been of centrd
importance for Nokia' s breskthrough. Unlike the mature forest industry, where much of the
skill and knowledge is created in the industry’s knowledge clusters, the telecommunications
industry has not developed any smilar ingtitutional structure yet. Nokia has therefore been
forced to interndize these processes, systematicaly acquiring the skills needed for further
stages in research and product development. At the same time as new knowledge has been
brought into the corporation, there have aso been comprehensve efforts to raise the
educationd leve of existing staff. The establishment of Nokia University in the 1980s and the
emphads on individua development and life-long learning during the past two decades have
been essentid for the diffusion of new technology throughout the company.

It isnot until the second half of the 1990s that the telecommunications industry in Finland
is beginning to develop the inditutions for a knowledge clugter. Very subgtantia public
invesments in relevant higher education, the establishment of forma linkages between
universities and industry, and industry-financed research organizations are contributing to the
cregtion of a knowledge clugter. It is possible that this pattern — with in-house knowledge
development in the early stages, and more focus on indtitutions and collaboration in later stages
of an industry’s development — can be generdized from the Nokia case to other instances
where new technologies and new industries are established.

The investments in education and knowledge creation have aso led to the establishment
of severa production clugters focusng on tdecommunications and information technology.
Although many of the new companies that have been established in these clusters are presently
sub-contractors to Nokia, they may in the long run create a strong enough competitive
advantage to reduce Finland’'s dependence on the market leader, Nokia'® In fact, Finnish
innovation and technology policy is today consdered among the most advanced in the world,
partly because of Nokia. Finnish authorities have for along time been concerned about how
the nationa business environment affects the competitiveness of individua dominant companies
like Nokia, a the same time as the have encouraged diversfication and development of
innovations and new companies.

The other centrd factor has been internationdization. Being a small country, it has been
cdear from an early dage that the domestic market is not large enough to support the
development of a high-tech industry like teecommunications. In particular, it has been clear
that the smal domestic (or Nordic) market would not be able to carry the codts for the
incressingly expensve R&D programs necessary to remain competitive. The need to am for
the international market was therefore recognized early on. A sde effect of the outward
oriented strategy has been the need to measure up to foreign competition, which has pressured

14 Nokia hes itsdlf been important in creating these clugiers: the explicit am of the Nokia
Ventures Organization, one of the four divisons of today’s Nokia, is to identify and support
innovative companies in the telecom and information technology cluder.
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Nokia to utilize its resources efficiently. It has dso been a precondition for acquiring the
technological assets necessary to establish its own capacity in technology development.

There are dso some more specific determinants of Nokia's success story. Pulkkinen
(1997:164-165) emphasizes the relatively dow development of the cdlular mobile phone
market, which made it possible for arelatively resource-poor newcomer like Nokia to acquire
the skills needed for sustainable success in the industry. For instance, Pulkkinen shows that the
market penetration rates of video recorders and televisons reached around 20 percent 10
years after their firs commercia launch. For cdlular mobile phones, the market penetration
rate in the USwas ill only 5 percent in 1994, 10 years after its firs commercid launch.

Some specific characteristics of the Finnish (or Nordic) home market have aso been
important. Finland and Sweden have congtantly been the top countries regarding the market
penetration of mobile phones, which has naturally benefited the loca producers. One reason is
the peculiar ingtitutiond setup in the telephone markets in Finland. Rather than having only one
nationa telephone operator (as most other Western European countries until the 1980s),
Finland had numerous loca telephone companies, and telephone subscriptions very extremely
expendve in many locations. For ingtance, in Helsinki, a subscription could cost thousands of
USD dill in the 1980s, with long waiting periods. The emergence of the cdlular phone
introduced an attractive dternative: dthough the early generations of handsets were very
expengve, they were il less cogtly than regular fixed line subscriptions. Another advantage in
the Finnish market was the prohibition for domestic cdllular operators to subsidize the handset
(in many other countries, a handset may even be included without extra cost when new
subscriptions are made — the costs will of course be paid through higher monthly fees). This
encouraged Finnish consumers to be more sendtive to the cost, design, and performance of
the handset, forcing Nokia to focus on these characterigtics much earlier than producers in
other countries (where consumers were less discriminating because they did not buy their
phones directly). Hence, athough most product markets today are highly globdized, it seems
that local conditions and the loca environment are gtill important determinants of where and
how new industries develop.

Having sad this it is appropriate to note that Nokias breakthrough in
telecommunications dso illudrates the dement of chance and unpredictability that is an
inevitable part of mogt (if not dl) great indudtrid success sory. The investments in learning,
education, and internationdization that were made in the 1970s and 1980s did not am
primarily a launching Nokia as one the main players in the internationa telecom market.
Instead, Nokia s management had its eyes set on the great consumer eectronics markets,
where televisons and computers were the main products. Most of Nokia s acquisitions during
the 1980s aimed to strengthen the consumer dectronics divison, and much of the research
effort was directed to the same area, e.g. to develop the high-definition TV technology. Most
of these investments turned out to be disastrous, costing Nokia billions of USD in losses until
the mid 1990s when the production of televisons was sold off, but they contributed to the
development of the skills and the knowledge — both in production technology, marketing, and
design — that were necessary to excel in the mobile phone industry. The tentative concluson
from Nokia's experience is that success is perhaps a mix of systemdtic crestion of skills and
knowledge and random technologica innovation. Although it is impossble, a least for
relatively smdl players, to plan mgor technologica breskthroughs in advance, it is possible to
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creste an environment where the firm is well positioned to adjust to changing conditions and to
benefit from innovations and market opportunities.

5.2 Ericsson

Unlike Nokia, its Swedish competitor Ericsson had firm roots in the telecommunications
business when the modern cdlular mobile phone technologies began to emerge in the 1970s.
The company was founded aready in 1876 by Lars Magnus Ericsson to produce telephones
and switchboards. It became a multinational aready in the 19" century, with Finland and
Russa asthefirg foreign customers for its telephone systems.

During the first three-quarters of the 20" century, Ericsson’s core business aress were
consgtently telephones and switchboards for fixed networks. This background generated, of
course, some knowledge to be used in the development of the mobile telecommunications
area. However, important knowledge and experience aso came from another industrid areas
where Ericsson entered a an early stage: radio technology. In 1919, Ericsson formed,
together with ASEA (now ABB) and AGA (gas equipment), a company cdled Svenska
Radio Aktiebolaget (SRA). Radio broadcasting was darting in Sweden and SRA’s initid
business was to build radio transmitters (see Meurling and Jeans, 1994). In 1921, SRA dso
began to make radio receivers for home use and it started its own radio broadcasting service
(which had to cdose when the government broadcasting company was formed). SRA
continued to build radio receivers into the 1950s, but aso became involved in other
goplications of radio technology, both civilian and military. An arborne transceiver was build
as early as 1920 and televison-broadcasting experiments were carried out in Stockholm in the
mid-1930s.

In the early 1960s, SRA sold off the radio and televison production operations and
concentrated on the defense business, with radar, troop radio, and land mobile radio business.
Ericsson was the driving force behind these changes and became increasingly involved in the
company’s management. In 1983, SRA became a fully owned company within the Ericsson
group and changed its name to Ericsson Radio Systems AB, referred to as ERA.

In the development of the Swedish mobile phone industry, Ericsson was not adone.
Ancther important player was “Televerket”, the Swedish Tecommunications Adminigtration,
which was a state-owned company. In the 1950s, Televerket not only owned and operated
evarything in Swedish tdecommunications, but was dso manufacturing many of its own
products. Televerket and Ericsson had over the years worked very closdy together in
developing telephone equipment, and this cooperation was aso crucid in the development of
Ericsson’ s mobile phone divison.

Televerket and SRA jointly developed the first Swedish mobile phone systems areedy
in the 1950s, to be st up in Stockholm and Gothenburg, and continued refining its
radiotelephone technology throughout the 1960s and 1970s. Y et, the big breskthrough did not
come until the establishment of the NMT system in the 1970s. Some enthusiagtic engineers
from Televerket and SRA had in 1969 proposed the idea of a Nordic standard in the mobile
area and the managed to get the governments in Denmark, Finland, Norway and Sweden to
accept their proposal. The pan-Nordic automatic cellular mobile telephone system, which was
an analog system, took ten years to complete, and required a committed financier dong the
way. Ericsson was not very interested in investing in a “public good” (which is one way of
looking a& NMT and later generations of mobile systems), but Televerket was. With the
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exclusive rights to the market, Televerket could spend ten years in planning and developing a
new mobile network. As noted earlier, pardld development work was underway in Finland
and other countries.

The second-generation wirdless standard, the digitd GSM system, was the one that
would make Ericsson a red world player. A research group, once again jointly set up by
Ericsson and Televerket (and four of Sweden’'s mgor technica universities) was cresated in
1977 and during the next ten years the specifications for GSM was developed. Again, pardld
processes were set up by Nokia and its collaborators on the European continent. The “mobile
group” inside Ericsson, however, was not well recognized by the top management and the rest
of the company. ERA lived its own life ingde Ericsson, run by a smdl group of entrepreneurs
(internaly cdled “cowboys’) that nobody in the company cared about. As one quote says.
“So we didn't redly know much about ERA. And we didn't care!” (Meurling and Jeans
1994: 48). ERA was even located far away from the rest of the Ericsson group — in Kigta,
north of Stockholm — so there was no day to day contact between them. Despite the neglect
by the headquarter, the development of GSM was completed in 1988, but mobile phones
were still consdered a side-show within Ericsson — a product line kept in being by the need to
support sales of mobile systems.

In the 1990s, with the breakthrough of the GSM technology, the top management finaly
recognized ERA and the importance of mobile handset production and started to invest heavily
in developing new equipment. R&D spending jumped.from 11 percent of salesin 1990 to 24
percent in 1991 (Asgérd and Ellgren 2000). As a result, Ericsson generate exceptional growth
during the 1990s. Annua net sales increased from SEK 45.7 billion in 1990 to SEK 2154
billion in 1999 and worldwide employment grew from 70,000 to 103,000 employees
(Meurling and Jeans 2000:393). In 1990, the business area of mobile telephone systems
(including mobile phones) accounted for some 25 percent of the company’s sdes; in 1999,
this had risen to 40 percent. Today, Ericsson has become one of the worlds leading suppliers
of cdlular infrastructure, mobile telephones (where actual production has recently been
outsourced), and switching systems and fixed networks, with operations in more than 140
countries.

As was the case for Nokia, it is clear that part of Ericsson’s success in the mobile
telephone business was relaed to its rapid internationdization. By adapting its equipment to
different standards used in various countries, it could begin to look abroad for expansion. It
managed to enter the US market very early and in 1998, it had become one of the three top
cdlular infrastucture suppliers, with about 30 percent of the US market (Meurling and Jeans
2000). The US success was repeated in the UK, Italy, Germany and Japan and soon Ericsson
became a mgor player dl around the world. This, of course, resulted in very sgnificant
economies of scae as well as a very competitive entrepreneurid climate: the entry into the
largest foreign markets also meant that Ericsson chose to compete directly with its main rivals.

Trying to generdize Ericsson’s success in the development of digita mobile sysems and
terminals, it possible to outline a least four other factors that have been important for its
SUCCESS.

Ericsson’s early experience with telephone and radio systems led to the accumulation of
skills and competence in the relevant technology. At the same time, it should be noted that
the lack of prior experience with consumer dectronics and mass marketing may be one of
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the reasons why Ericssson’s performance in mobile telephone handsets is wesker than its
success on the systems side.

The close cooperation with Televerket, a state owned company, facilitated the long-term
financing of the research and development costs for both the NMT and GSM technologies
at their early stages of development, when risks were high and rewards were uncertain.
Very subgantiad amounts have been invested in R&D once technology standards have
been established.

A few outsanding entrepreneurs have made sgnificant contributions to technology
development.

However, as in the case of Nokia, it is interesting to note that the outcome of dl these
efforts has not always been the intended one. When the entrepreneurs at Ericsson Radio
System started to develop the NMT and GSM technologies, they were consistently ignored
by the top management at the headquarters. The lack of interest in financing the development
of the NTM system is perhaps understandable, considering the public good character of such
a sysem. As soon as it is developed, many companies can ddiver the equipment. But even
after the system was invented, Ericsson was not very interested in the beginning to ddliver the
most modern equipment (Asgérd and Ellgren 2000). Instead, the focus of the company’s
operations remained in fixed line telephone sysems. It was not until after Televerket
threatened to buy the equipment for the NM T system from the Japanese that Ericsson reacted.

Earlier in this sudy we have pointed to the importance of clusters in the evolution of
industrial competitiveness. It should be noted in closing that the Swedish success in the mobile
telecommunication sector is d o to alarge extent a cluster phenomenon. When Ericsson Radio
System moved to Kigta in the 1980s, this was a remote and empty place north of Stockholm.
In order to minimize risks and cods, dl innovaion companies like Ericsson outsource an
important share of their operations, and in the wake of Ericsson’s move to Kista, severd of its
sub-contractors followed. Ericsson’s success in the mobile phone industry meant that many of
these firms were also able to expand at a rapid rate. Today, Kista has developed into one of
Europe's largest dlugters in information and telecommunication technology, where many of the
ingtitutions necessary to develop a knowledge cluster of the type seen in the forest industry are
presently emerging.

6 SUMMARY AND CONLUSIONS

The purpose of this paper has been to describe and andyze the evolution of indudtria
competitiveness in Sweden and Finland in a long-term perspective. Chapter 2 looked at the
foundations for indudria take-off in Sweden, with some focus on the development of
indtitutions for the crestion and dissemination of the skills and knowledge needed in the
emerging industria sector. Chapters 3 and 4 narrowed the focus, and examined the
development of the Swedish forest industry until the early 1990s, with particular emphasis on
the factors alowing the industry to remain competitive for more than one century. Chapter 5
narrowed the focus further, turning to a discusson of the emergence of Finnish Nokia and
Swedish Ericsson as market leaders in the high-tech mobile telecommunications industry. The
emphasis here was on the transformation of Nokia from a producer of smple raw material
based goods to a knowledge-based high-tech company.
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Although the different chapters have examined indudtrid development at different levels
of aggregation and a different points in time, it is ill possble to point to some common
flndlngsand results. These include the following:

Indtitutions and inditutional reforms have played an important role for growth and
development. Several examples have been highlighted throughout the report. For instance,
the land reforms in the early 19" century were essentid for the introduction of new
technology in agriculture the subsequent increase in agriculturad productivity was a
prerequisite for indudtridization. Smilarly, the introduction of laws to guarantee re-planting
and to limit the concentration of forest ownership in the early 20" century were essential to
create a sustainable resource base. More recently, various environmenta regulations have
forced the Nordic corporate sector to take a leading role in the development of
environmentaly sustainable production technologies. The role of various public or semi-
public indtitutions to promote research and knowledge diffusion has aso been emphasized
repestedly.

The acquistion of rdevant skills and knowledge has been an essentid success factor. The
Swedish indudtridization process — as well as the early development of the forest industry
— relied to a greet extent on foreign technology and capitd. Foreign direct investment in
Sweden was important, but the international experience of Swedish entrepreneurs and
innovators aso contributed significantly. The foreign technologies that were transferred to
Sweden were rapidly absorbed in domestic industry, since the level of education was
relaively high. Over time, an increasng share of the forest
industry’ s technology has been created in the sector’ s knowledge and skill cluster. Thisis
made up of a multitude of inditutions and organizations involved in the cregtion and
dissemination of knowledge and skills. We have argued that this cluster is of essentid
importance for the Swedish forest industry’s ahility to adjust to a continuoudy changing
competitive environment. In the
telecommunication sector, the acquisition of knowledge has largdly taken place a the firm
level. Ericsson’s long experience in the telecom business alowed it to develop much of the
necessary competence within the corporation, athough collaboration has become
increasingly important in recent years, as technology has become more sophidticated.
Nokid s limited experience in the tdecommunications field forced it to acquire a sgnificant
share of the necessary assats by buying up locd as well asforeign companies, but in-house
training and education have been of central importance for Nokid s ability to absorb new
technology. Both companies have adso benefited greeatly from public invesments in higher
education and research.

Internationalization has been essentid a dl levels of development. The first stages of
Swedish indudridization were clearly export-led, driven by the demand for forest
products in Grest Britain and other parts of Western Europe. In the forest indudiry, in
particular the large-scale paper and pulp industry, growth has been based on access to the
European and internationd markets. Internationdization has dso been essentid for the
Nordic telecom producers to finance the large fixed costs related to research and
development. In addition, a relaively open trade regime has been necessary for the
acquistion of modern technology, both a the early stages of indudtridization and in
today’s high-tech industries. many of the core patents in the telecom sector are held by
US, Japanese, and continental European producers. The need to adapt technologies to
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international standards and the continuos competitive pressure from other internationd
producers have aso been important driving forces in many indudries, not least
telecommunications.

The technologica innovations underlying both Nokia s and Ericsson’s breakthroughs were
possible only thanks to long-term investments in R&D programs. In Nokia's case, early
orders from the Soviet Union were essential to secure financing for technology
development; in the case of Ericsson, support from the state-owned Televerket was
insrumental. At the same time, it is clear that focused long-term research projects are
high-risk ventures. Neither Nokia nor Ericsson prioritized the R&D programs that
eventualy generated the innovations necessary for the successful development of the GSM
technology. For instance, Nokid's primary investment emphasis was instead on projects
that eventudly faled, such as the HDTV program. An essential success factor has
therefore been flexibility: both companies were able to shift rapidly from other activities to
the mobile phone industry when it took off in the early 1990s.

While most of the industry’s early development was based on in-house assets, it now
appears that a knowledge and skill clugter is emerging in the tedlecommunication industry. It
is possible that this suggests a generd pattern in the development of new technologies or
indusiry sectors.  Intangible, firm-specific assets dominate the early dages of a
technology’s life cycle, whereas an increasing share of the essentid knowledge and skills
are of a“public good” character at later stages. Knowledge and skill clusters can arguably
not emerge unless alarge share of the essentid knowledge and skills are available to most
participants in the cluster. A central determinant of how “public’ the knowledge and skills
are may be the extent to which the public education system is involved the indudtry. In the
forest industry, it obvious that the public higher education system plays a centrd role: this
may be underway aso in the telecom sector, as a result of the increased investments in
relevant higher education.

A tentative conclusion from thisreport is that an industry’ s successisamix of sysemetic
knowledge cregtion and random technologica innovation. It is not possble to sysemdticaly
generate mgjor technologica breakthroughs, but it is possible to creste an environment where
firms or entire industries are well positioned to adjust to changing conditions and to benefit
from innovations and market opportunities. In mature, raw materia based industries — like
paper or wood products — the innovations are likely to be incrementa, and a large share may
be related to changes in demand or internationa competition, rather than mgor changes in
production technology. A solid knowledge base is, neverthdess, necessary to ensure the
necessary flexibility and adgptability. In younger indudtries — like tdecommunications —
fundamental changes in technology will be more common, and the main chalenges are rated
to the ability to acquire the technica skills necessary to remain competitive. Although mergers
and acquisitions as wdll as various kinds of strategic dliances are likely to be important in these
sectors, a solid knowledge base within is aso essentid to facilitete the disseminaion and
implementation of new technologies throughout the firm or indudry.

These conclusons suggest an important role for public policy. The experiences
discussed in this report suggest in particular that public policy should provide an appropriate
indtitutional framework to facilitate the sustainable use of land, rav materiads, and other
resources and promote learning and internationalization. While most successful companies
invest heavily in in-house programs for knowledge creation and human resource devel opment,
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it is essentid that the public education system can aso provide graduates with gppropriate
skills and knowledge. This is not only a prerequiste for successful life-long learning in the
business sector, but may dso provide a common knowledge base for the development of
various networks and clusters in industry. Support for the development of industry leve
organizations, as outlined in the discusson of the Swedish forest industry’ s knowledge clugter,
is dso likely to be useful. Direct support to in-house commercid research, on the other hand,
is more questionable. Although Ericsson’'s experience points to successful collaboration
between the company and the Swedish public sector in the development of its NMT and
GSM technologies, it is often a costly and inefficient way to promote a competitive business
environment. One problem is that direct date intervention distorts competition. Another
problem is the risk inherent in any long-term R&D project: falures are more likdy than
SUCCESSES.

Internationdization is best supported through open and outward-oriented trade policies.
It has repeatedly been noted that access to export markets is essentia for small-country
producers, but it should adso be pointed out that access to imports a competitive cost is
perhaps equaly important. Few countries can rely exclusvely on domestic resources for
economic development. A significant share of the chegpest intermediates and best technologies
for any indudtry, even in rdaively smple raw materid based sectors, is likdy to be found
abroad. Outward oriented trade regimes will promote the flow of information about these
resources, both through trade and foreign direct investmen.
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