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1. INTRODUCTION! 

The commercial use of softwood in Sweden has a long history, the roots of 
which can be traced back through several centuries. In the 1870s one of the 
first mechanical wood pulp mills was built near to the town of Sundsvall 
and from then on a gradual shift from sawmilling to pulp and paper 
production has taken place both locally and nationally. Today the pulp and 
paper industry is Sweden's most export-orientated branch, and its net 
exports greatly exceed the other branches within the manufacturing 
industry (Alvstam, ed, 1995). The production has risen, but the numbers of 
employees and work places have decreased during the last decades. 
Simultaneously the internationalisation process of many forest-based 
companies has resulted in a gradual shift of their 'mean centres' of 
production southwards, beyond the borders of the mother country and into 
the European market (Törnqvist, ed, 1993; Lindgren & Layton 1994). 
However, the location of fresh raw materials is an incentive for the 
companies to stay in their places of origin. 

The operations of the pulp and paper industry are highly capital-
intensive and several billion Swedish Crowns (SEK) are invested annually in 
production plants throughout the country. These investments generate 
local economic impacts that contribute to local income and employment. A 
number of studies, in Sweden and elsewhere, have focused on the direct 

1 This paper reports on research partly carried out within the project Geografisk 
Arbetsmarknadsanalys financed by the Board of Labour Market Affairs (AMS). 
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economic effects induced by investment projects carried out within 
different sectqrs.2 Klint & Lindgren (1992, 1993), for example, analysed a 
large investment at the Ortviken papermill in Sundsvall. The investment 
amounted to SEK 2.4 billion and it was shown that almost 50% of the 
purchase in its first stage benefited suppliers in the local economy. The 
empirical findings of this investment project and two other (concerning a 
bridge construction and the establishment of a composite unit) have been 
used by Lindgren, Mahieu and Stjernström (1992) who have proposed a 
model for estimating the direct local economic impacts (the LNL model). 

The local economic impacts of an investment project are multi
dimensional, i.e. the effects are nested at different levels. As regards the 
time perspective there are short-term and long-term effects. During the 
implementation phase of the investment project suppliers are contracted 
and their operations benefit from increased activities which, in turn, leads 
to enhanced income and additional employment. When the investment 
has been carried out the new facility is put into production and another 
type of effect appears. The use of the new equipment over a long period 
generates employment and income in the local economy via those who 
work at the plant. It can be argued that without investments there will not 
be any stable conditions for corporate activities. Short-term as well as long-
term effects generate local income and employment multipliers through 
the increased demand for a variety of services and the potentials for 
extended business relations between the investing company and other 'basic' 
companies in the region. 

The LNL-model is elaborated in order to trace direct effects of 
investment projects.3 It cannot, however, estimate multiplier effects on 
other sectors of the local economy (i.e. other economic activities than the 
investing company and its suppliers). Within the literature there are a 
number of methods for estimating this multiplier effect, the most 

2 For example, Lassinanti & Wennberg 1981, Borgegård & Magnusson 1983, 
Baardsen & Vatne 1986, Bergdahl et al. 1988, Stjernström 1990. 

3 Impacts of an investment can be subdivided into two categories: direct and 
indirect. Workers employed at the plant where the investment is carried out and workers 
employed in the supplying companies are referred to as direct employees and their 
income is direct income. The indirect effect is a result of expenditure of direct income 
on, for example, local services. 
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commonly used techniques being input-output, the economic base and the 
Keynesian multiplier (McNicoll 1981).4 

1.1 Aims and methods 

The aim of this paper is not to study the direct economic impacts and the 
multipliers of the investment implementation but, rather, the long-term 
labour-market effects of its operation. As Klint & Lindgren (1992, 1993) 
and Lindgren et al. (1992) have previously investigated the economic 
impacts of the LWC-investment at the Ortviken papermill it is pertinent 
to use the same empirical setting for the study of the long-term operation 
impacts. The experiment variable is the implementation of the investment 
(yes/no), which can be altered in order to reflect different scenarios. The 
flows of labour to and from the pulp and paper industry, and between the 
other local labour markets, are simulated within a calibrated systems model 
(the SIMSUND-model) based on microsimulation methodology. By 
adopting such an approach one can analyse how the primary changes at the 
Ortviken mill give rise to changes on other local labour markets, i.e. get a 
grip on linkages between different parts of the labour market. Estimation 
of the service multiplier is not incorporated in the current version of the 
SIMSUND-model. The central questions are: 

* How is unemployment in different partial local labour markets 
affected by the closure of the Ortviken papermill? 

* How is local labour demand affected by the closure of the Ortviken 
papermill? 

The development of the SIMSUND-model is supported by a register 
study of labour mobility and employment changes within the same 
industry at the national level. As a complement to this register study a 

4 These techniques have both advantages and disadvantages. Generally it is 
recognised that the input-output multiplier provides more precise estimates, but as it 
requires more information it is less cost-effective than the other two techniques. Some 
disadvantages that they all have in common are their demand-orientated and static 
character, the use of fixed prices, wages, technology and income distribution (Florax 
1992). As regards the economic base methodology it is often difficult to determine 
whether an economic activity belongs to the basic sector or to the service sector. 
Corporations may well have operations within both sectors, which obstructs quanti
fication. The problems associated with the Keynesian multiplier model are primarily 
connected to the difficulties of estimating regional imports without carrying out 
extensive surveys. Furthermore, the most commonly used models neglect interregional 
feedbacks (ibid). 
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survey has also been carried out among all of the companies within the 
industry in order to trace changes in production (see Appendix). The survey 
and the register study are intended to put the Sundsvall case into a broader 
perspective and to examine to what extent labour mobility and production 
investments are connected. A general tendency of today's manufacturing 
industries is that there is a gradually diminishing need for labour 
(Malmberg 1991). Production can be enhanced by means of refined 
technology and various rationalisation programmes within corporate 
organisations, whereas the labour force remains constant or, often, is 
reduced. Longitudinal statistics support such a pattern. During the last 15 
years employment within the manufacturing industry in Sweden has fallen 
by almost 29%.5 However, the register study provides no information about 
investments, i.e. necessary information when trying to outline the 
interaction between labour mobility and changes in production. Questions 
concerning the register study and the survey are: To what extent does intra-
industry migration take place (i.e. changed municipality of work and 
residence while remaining in the same industry)?; To what extent have 
production investments been carried out during the study period and what 
happens to employment in the meantime? 

1.2 Sources 

Data used in this article stems from a database with individual attributes for 
the whole of Sweden's population during the period 1990 to 1993. The 
database is a result of linking and matching different registers at Statistics 
Sweden (e.g. Statistics on regional employment and Housing Census 1990) 
and enables every single, but unidentified, individual to be followed with 
respect to a number of attributes.6 For the calibration of the SIMSUND-
model a sample has been used containing all individuals who ever lived and 
worked in the municipality of Sundsvall during 1990 to 1993 
(approximately 103,000 persons). The register study is based on another 
sample of the total database population. In this case the selection comprises 
all individuals who have been working in the pulp and paper industry at 
some time during the period of study. More specifically, the Swedish 

5 Statistics Sweden; the manufacturing industry includes mining, electricity and 
water service. 

6 Some attributes of the database: Year of birth, Sex, Profession/occupation, 
Employment status 1990-92, County, municipality and parish code of the tenure 
1990-93, Annual income 1990-93, Educational level 1990-92, Occupational status 
1990-92, County and municipality code o'f the places of work 1990-92. 
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industrial classification code (SNI), at the five digit level, has been used; the 
SNI-code 34111 corresponds to pulp manufacturing and 34112 to paper 
and paperboard manufacturing. 

In the database the 'employment status' attribute shows whether the 
individual is wage-earning or not. Everybody who has an annual income 
from employment exceeding 33,000 SEK is considered to be employed, 
which is the definition of wage-earning.7 Some state transfers, such as 
sickness and parents benefits are equated with wage-earnings and are related 
to the economically active population, since they are only paid out to 
individuals who have a job. Other types of state transfer that benefit 
unemployed people are omitted, which improves the reliability of the 
employment status attribute. People who are regarded as employed obtain 
their money from wage-earning activities, even though it may be only a 
small sum. Figure 1.1 shows a schematic picture of labour market states. 
The shaded area contains the population under 16 and over 64 years, 
whereas the rest of the population resides in the white box. Individuals 
between 16 and 64 years old may either be outside the labour force or 
within (as employed or unemployed). As regards the 16 to 64 population 
the database provides no information about the states, other than the 
employment status attribute. In order to distinguish between unemploy
ment and labour force non-participation, sex- and age-specific participation 
rates have been employed in the model. 

Not in labour force, 
Employed 

16-64 years old 
Unemployed 

Population 
younger than 16 
years and older 
than 64 years. 

Population 16 to 
64 years. 

Figure 1.1: Labour market states. 

7 The sum mentioned in the text is an approximation of the basic amount 
according to the National Insurance Act (1990=29,700 SEK; 1991=32,200 SEK; 
1992=33,700 SEK; 1993=34,400 SEK). 
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The survey 

The survey questionnaire was sent to all of the companies within the 
Swedish pulp and paper industry listed in the Handbook of the Northern 
Wood Industries (1991/92). In terms of sales and number of production 
units the size of the companies varies. Some have only one place of work, 
whereas others operate in many sites within different business groups.8 
After two reminders 23 companies/business groups have replied (47%). In 
this situation it is important to ascertain some characteristics of the non-
responding companies. These companies are not the major operators within 
the industry and their share of total sales, as of employment, is no more 
than 20%. There is a great variety of company sizes among those who 
responded. Some have only one production unit, others have several units 
that sometimes have corporate linkages with international production. 
Nevertheless, the survey is not a fully comprehensive study of the industry 
but it reveals some information about production investments related to 
employment and intra-industry labour mobility. 

2. PRODUCTION INVESTMENTS, LABOUR MOBILITY AND 
EMPLOYMENT CHANGES 

The employment structure in the Swedish economy has undergone 
substantial changes during the last decades. There has been a gradual shift 
from manufacturing to services. In 1970 the public sector accounted for 
21% of the total employment and 22 years later this proportion had 
increased to 30% (1992). The private service sector has also grown during 
the same period, from 31% to 39%, at the expense of the manufacturing 
and agricultural sectors.9 During the short period between 1990 and 1993 
the numbers employed in the pulp and paper industry have decreased from 
39,300 to 31,700, a 20% reduction. This trend is also noticeable in a longer 
perspective — the number amounted to 46,900 in 1980 (Statistics Sweden -
Manufacturing). 

8 As regards MoDo, SCA and Stora the questionnaire was distributed to those 
divisions concerned with pulp and paper production. A few addresses on the mailing list 
were offices which forwarded the questionnaire to their respective production units. As 
two companies no longer exist, the final number of possible respondents came to 49. 

9 Långtidsutredningen 1994, Bilaga 6. 
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Recent decades can be characterised as a period of internationalisation 
for corporate activities. The major Swedish companies have spent 
considerable amounts of capital on acquiring both domestic and foreign 
companies in order to enhance their market shares and maintain 
competitiveness. In addition to the acquisition of new production units, 
substantial investment have been implemented in their existing mills. The 
three largest forest-based Swedish companies (Stora, SCA and MoDo) 
reported investments amounting to 37.1 billion SEK during the period 
1991 to 1995. Part of this sum has been invested in Swedish mills, which has 
an impact on the organisation of production. Stora alone has invested 9.9 
billion SEK in Swedish mills (Stora Annual Reports, 1990-1995). 

2.1 Production investments and labour demand 

The pulp and paper industry is capital intensive and production is to a large 
extent imbued by economics of scale. Most products are standardised and 
the companies employ price competitive strategies. However, more refined 
products such as specialised paper (e.g. SC-paper and LWC-paper), have 
properties that enable a gradual change-over from price competition to 
different kinds of differentiation strategies (Porter 1985). This renewal is 
part of a continuous structural change which has resulted in fewer and 
larger units and increased productivity. Consequently the need for labour 
has decreased. However, is this pattern also distinct at more disaggregated 
levels? In Figure 2.1 one can see that most production sites (n=36) 
participating in the survey exhibit decreases in their numbers of employees 
during the period 1988 and 1993. The diagonal line expresses an 
unchanged situation. No more than six production sites have expanded, 
and only two of them have expanded by more than 10 employees.10 

Approximately 70% of the increase can be related to production 
investments carried out at the plants. 

The companies were asked about personnel recruitment in connection 
to the investment and two of them made the following comments: 
company A said that most of the blue collar workers were recruited locally, 
whereas two engineers were recruited from Chalmers (a university college 
in Gothenburg specialising in technology); company B gave evidence 
supporting a similiar pattern, but it also mentioned that about 10% of the 
recruitment was handled internally. 

10 The number of employees fluctuates during the study period, but the 
comparison between 1988 and 1993 provides a good indication of the trend. 
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Figure 2.1: Employment changes at 36 production sites within the pulp 
and paper industry 1988-1993. 

The size of the production investments varies considerably, from a few 
million SEK to 2,500 million SEK, and there is a broad spectrum of 
improvements. The major activities concern, for example, the construction 
of entirely new production lines for paper or the introduction of chlorine-
free bleaching technology. During the study period, investments 
amounting to 11,900 million SEK were carried out by the responding 
companies. They were also asked to comment on how the particular 
investment affected employment at the plant. The stated net effect of all 
employment changes was a reduction by 209 persons. This outcome may 
seem discouraging but it is an expected result of increased productivity and 
full utilisation of economies of scale. The production is conditioned by 
market demand and price. The non-implementation of production 
investments might be a successful strategy in the short run but, sooner or 
later, the marginal costs of production would not remain competitive and 
the unit would have to be closed. However, investments could generate new 
employment if they led to considerably increases in market shares. 
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Figure 2.2 illustrates the employment change in relation to the 
amount of production investments at the different sites, n The employ
ment change can be divided into three classes characterised by increase, 
status quo and decrease, respectively. Over two thirds of the respondents 
have experienced little or no change. The remainder have undergone 
extensive changes and in two cases the investments corresponded to major 
employment reductions: The first case concerns an environmental 
investment that was carried out during the period 1989 to 1993. Through 
decreasing the amount of chlorine bleaching, the need for labour in 
another company-owned production site producing chlorine was reduced by 
100 jobs. The second case illustrates the effects of company rationalisation. 
In connection with the investment project, another production site owned 
by the same company was shut down, resulting in 220 lost jobs. At the plant 
where the investment was implemented no recruitment was necessary, so 
that the net impact of the investment was negative for the local labour 
market. 
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Employment chang< 50 
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to 
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- -200 
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Figure 2.2: Employment changes and investment sums at 34 production 
sites within the Swedish pulp and paper industry (1988-1993). 

11 In some questionnaires no answer was given. This circumstance explains why 
there are only 34 dots in each series. 
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Figure 2.2 shows no clear correlation between the magnitude of 
investment and employment change. Some investment projects generate 
increased employment, others do not. Correlation between size of pro
duction unit (in terms of employment), invested amount and employment 
change results in the following coefficients: 

Size of production unit — Invested amount 0.77 
Invested amount — Employment change -0.41 
Employment change — Size of production unit 0.22 

This reveals a relatively strong positive correlation between size of 
production unit and invested amount; major investments take place in 
large production units. As regards investment sum and employment 
change there is a weak negative correlation; the larger the amount invested, 
the bigger employment reduction. Employment change and size of 
production unit are virtually uncorrelated. 

From the questionnaires one might conceivably conclude that most 
supernumerary employees have been dismissed, but there are also a number 
of cases where contract pensions and retirement benefits have been used in 
order to make the changes as smooth as possible. So far it has been shown 
that production investments do not generate increased labour demand to 
any large extent; in fact, the opposite situation seems to prevail. In the next 
section the analysis turns to the register study which, among other things, 
will analyse labour mobility within the industry. 

2.2 Labour characteristics 

This section provides a detailed description of some labour characteristics. 
Age and sex distribution, educational level, mobility, commuting and 
employment changes are the indicators used to describe the current 
employment situation within the pulp and paper industry. 

Age distribution 

Figure 2.3 shows that the age distribution of the pulp and paper employees 
in 1990 is remarkably even. The five-year classes between 20 and 49 reveal 
no specific peaks or valleys, which means that there are almost as many 
twenty-year-old employees as fifty-year-olds. After the age of fifty the 
numbers gradually diminish and at the age of 65 most people are retired. 

However, two years later, in 1992, there is a slightly different pattern. 
The total number of employed has decreased and the average age of the 
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employed has, increased from 40 years to 42 years. This change in the 
average age is primarily a result of the reduction in the numbers of young 
people within the industry. The age class '15 to 19 years' has fallen from 
1,150 to fewer than 400 and the 20 to 24 age class has been halved from 
4,360 to 2,270. All other age classes show relatively stable levels during the 
period and the general pattern seems to be increased numbers in the older 
age classes (45 to 59). Statistics on all 'permanent employees' in Sweden 
indicates a similar situation when comparing the same two years and the 
total number of employees has been reduced from 4.1 million to 3.5 
million. 12 The number of young people employed has diminished the 
most, whereas the number of employees between 45 and 54 years has 
increased despite the total reduction. 

5000 
4500 • 1990 

1992 

J3 3500 

Age class 

Figure 2.3: Age distribution of employees in the Swedish pulp and paper 
industry 1990 and 1992 in five-year classes. 

There are several reasons for this change. One of them may be 
connected to the economic recession which reduced the demand for 
manpower and, due to the present labour legislation, the last employed 
(mainly young people) were the first to be dismissed. There may also be a 
cohort effect affecting this change. In times of economic recession new 

12 These figures correspond to 'permanent employees' plus those employed for a 
limited period. Self-employed entrepreneurs and unpaid family workers are not 
included. 
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employment is often rare, which means that there is no replenishment of 
younger people. The simple reason for diminishing numbers in the ages 
classes '15 to 19' and '20 to 24' is that they are ageing and are not replaced. 

Another way of analysing this change is to examine how many people 
were employed in 1992 but not in 1990, and vice versa (Figure 2.4). In this 
way it is possible to see, on an individual level, both the additional 
contribution to the employment per age class and how many have left the 
industry. Due to retirements, it is not surprising that the oldest age classes 
have a high negative net change. The turnover of employees is also 
somewhat higher among the '20-24' and '25-29' classes (although they are 
not entirely replaced) in comparison to the classes of middle-aged 
employees. In broad terms it can be argued that young people come and go, 
old people are retired and the rest stay where they are. This is perhaps a too 
categorical conclusion, but the tendency is clear. Another related aspect in 
this discussion is the Swedish debate about people belonging to the group 
called "plus 55" (referring to their age) and their problems of finding new 
employment. Although the numbers of people entering employment are 
higher in the younger age classes, more than 500 people between 55 and 59 
years have obtained new jobs within the pulp and paper industry during the 
period of study. Nevertheless, in this age class the net change is negative. 

a 
Entering 
Leaving 

A—Net change 

Figure 2.4: Numbers of people by age class entering and leaving the 
Swedish pulp and paper industry between 1990 and 1992. 
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Educational level 

The educational level within the pulp and paper industry is rather low in 
comparison with the entire Swedish labour force. As Figure 2.5 indicates, in 
1990 approximately 40% of the personnel within the pulp and paper 
industry have elementary and compulsory school education as their highest 
academic attainment, 32% have pursued shorter upper secondary school 
courses (< 2 years) and 16% have taken theoretical courses (> 2 years) within 
upper secondary education. The proportion of employees with tertiary 
education amounts to 11% for the same year. Most of them (7%) have 
been studying two years or less and only 4% have either university graduate 
qualifications or a Ph.D degree. The number of employees who have 
received research education is barely 100, which corresponds to 0.2% of the 
total employment in the industry. 

Comparing this with the situation three years later, it can be 
concluded that the largest changes have taken place in the upper secondary 
education categories. In 1990 about 32% of the total employment only had 
qualifications from shorter secondary school courses, but three years later 
this proportion had risen to 37.4%. This increase corresponds to the 
decrease in the numbers with longer secondary education. One possible 
explanation for this shift is that there has been a gradual building up of a 
two-year process-engineer programme within secondary education, 
especially aimed at the pulp and paper industry. This kind of manpower is 
naturally demanded by the industry and will probably squeeze out not only 
a number of employees with longer secondary school qualifications but also 
the less educated groups. The analysis of the empirical data indicates that 
the lower-educated labour is primarily found within the older age classes. As 
the production process is modernised and computerised, together with 
organisational changes implying that traditional white-collar tasks are 
transferred to blue-collar labour new skills are needed within the 
production staff. In the long run, this means that some kind of process-
engineer education is required in order to cope with the tasks relating to 
the production lines and work formerly done by minor officials. As regards 
academic education, the changes are so marginal that no particular trend is 
noticeable. 

The changes in the upper secondary education categories within the 
pulp and paper industry do not match the alterations within the entire 
Swedish labour force. In the latter case, the proportion of people with two 
years or shorter upper secondary education has decreased, whereas the 
proportion of people with long secondary education has increased. In 
general, Figure 2.5 shows that the proportion of people with higher 
education is substantially lower in the pulp and paper industry than in the 
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Swedish labour force as a whole, whereas among the shorter educational 
categories the situation is the opposite. 

• Pulp and paper industry 1990 

• Pulp and paper industry 1993 
• The Swedish labour force 1990 

• The Swedish labour force 1993 

20,00 

10,00 

Figure 2.5: Educational levels within the Swedish pulp and paper industry 
and the Swedish labour force 1990 and 1993. 

Inter-municipal migration 

In 1990 there were 107 production sites and 39,300 people employed in the 
pulp and paper industry. The production sites are fairly evenly distributed 
in the southern part of Sweden and along the coast of Norrland. In 
1990/1991 only 458 employees moved to another municipality and still 
remained working within the pulp and paper industry (i.e. they moved to 
another municipality and started commuting to a working site in their 
former municipality, or they moved to another municipality and started 
working in another production site located outside their former 
municipality). These numbers correspond to 1.1% of the total employment 
and, as a comparison, it can be mentioned that the proportion of inter-
municipal migration in relation to the total Swedish population amounts 
to 3.9%. Of course, these figures are not entirely comparable, since the 
latter does not incorporate any conditions for the labour market, i.e the 
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moves are not conditioned by continued employment within a particular 
industry. Nevertheless, it suggests a low labour mobility within the industry 
and this indication is further emphasised by the results of another analysis, 
in which people both move over municipal borders and start working 
somewhere else (in another municipality) within the same industry (see 
Figure 2.6 for a distinction between different inter-municipal migration). 
In a way, this definition provides an attempt to measure the genuine intra-
industry labour mobility, and the outcomes reveal very low frequencies. In 
1991 only 22 individuals complied with these criteria and in 1992 the 
corresponding number was 27 (Table 2.1). 

Move across municipal borders. 

— Move to another municipality 
and remain working in the 
pulp and paper industry. 

— Move to another municipality and 
start working in another 

production site (within the same 
industry) located outside the 

former municipality (genuine 
intra-industry labour mobility). 

Figure 2.6: A schematic picture of different inter-municipal migration. 

What are the characteristics of this small group? The proportion of 
women is larger (one third) compared to the total industry (one fifth). 
Regarding educational level, there is no clear pattern in the absolute 
numbers. As many white-collar workers change jobs as blue-collar. However, 
in relative numbers and compared to the total industry another pattern 
appears. For 1991 there is a clear överrepresentation of the higher 
educational levels, and this pattern is almost as distinct for 1992. It can 
therefore be argued that white-collar personnel are more inclined to 
change jobs than blue-collar, a hypothesis based on the underlying 
assumption that highly educated individuals with key competence and an 
ability to adjust to new situations are in great demand within corporations. 
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Table 2.1: Absolute and relative numbers of employees in the pulp and 
paper industry who both move over municipal borders and start working in 
another municipality within the same industry, according to educational 
levels. (Total numbers of employed in the pulp and paper industry are given 
in percentages.) 

Educational level 

1991 1992 

Educational level No. % 
Total 

industry, 
% 

No. % 
Total 

industry, 
% 

Elementary school 0 0 25,4 1 4 25,3 

9 (10) year compulsory school 2 9 15,8 8 30 15,8 

Upper secondary education < 2 years 5 23 32,0 6 22 36,0 

Upper secondary education > 2 years 6 27 16,1 2 7 11,7 

Tertiary education < 3 years 5 23 6,7 3 11 7,2 

Tertiary education > 3 years 4 18 3,8 7 26 3,8 

Postgraduate education 0 0 0,2 0 0 0,2 

Sum 22 100 100 27 100 100 

The average migrant is six years younger (34 years) than the average 
employee (40 years) within the industry, but the average annual income of 
the migrants is approximately 14,000 SEK higher. Not surprisingly, there 
is a clear pattern within the empirical data showing that the average 
incomes gradually increase up to the ages of 50 to 59 and slowly decrease 
thereafter. One reason for the decrease in income for older people may be 
that they reduce their hours of work. Nevertheless, the average income also 
varies in relation to educational level — a longer education usually brings 
higher wages. Although the pulp and paper industry migrants are, on 
average, younger than the total employment population, their wages are 
higher. Similarly, the average educational level in this group is also higher. 
In terms of absolute numbers, migrants are found within almost all of the 
educational categories and this hints at some kind of specialisation. A 
tentative conclusion is that individuals within the migrant group possess 
different kinds of desirable expertise which facilitates their careers and 
promotes their mobility. However, if this conclusion is valid it is odd that 
the intra-industry migrants are so very few. 
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Commuting 

Commuting is another aspect of labour mobility. Employees frequently 
work outside their residential municipality. In 1990 there were 
approximately 5,500 commuters within the pulp and paper industry, which 
corresponds to 14% of the total employment. When looking at 1991 and 
1992 the number of commuters remains virtually unaltered. As expected, 
most commuters work in adjacent municipalities, but there are also 
numerous examples of commuters travelling over long distances. 

1990 
1991 
1992 

20 
(16) (616) (346) 

(792) (1078) (747) (1922) 

b o 
<u 

-o 

Figure 2.7: The percentage of commuting across municipal borders within 
the pulp and paper industry in relation to the total numbers of employed, 
by educational level (absolute numbers of commuters in 1990). 

The numerals in Figure 2.7 relate to the absolute numbers of 
commuters in 1990. An analysis of commuting by educational level reveals 
that the higher the education, the higher the proportion of commuting. 
Although 1990 shows somewhat lower values for the more highly educated 
groups, the deviations between the different years are not so large. Almost 
35% of the employees with undergraduate qualifications (such as engineers 
and economists) live outside the municipalities in which their places of 
work are located. These results indicate that the spatial distribution of 
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white-collar workers' places of residence tends to differ from the spatial 
distribution òf production within the industry. In a way, this category 
appears to be less mobile than other groups as they choose not to move to 
their jobs. Nevertheless, in terms of moves, labour mobility is low within 
the pulp and paper industry and this is also true as regards commuting. In 
1989 every fourth employee in Sweden was commuting across municipal 
borders, which contrasts with the 14% within the pulp and paper industry 
(Borgegård, Fransson & Lundin 1993). However, it should be kept in mind 
that the production sites and the Swedish population do not have the same 
spatial distribution. The fact that production sites are not located in 
metropolitan districts where there are numerous commuters across 
municipal borders explains, to some extent, the different percentages. 

So far the discussion has concentrated on various characteristics of the 
personnel. However, there are numerous individuals who have stopped 
working within the industry between 1990 and 1992. Since the empirical 
data is longitudinal it is possible to examine each individual's labour market 
career and outline some aggregated results. Employment figures fluctuate 
over time and almost every municipality in which the pulp and paper 
industry is r epresented shows differences between 1990 and 1992. As a point 
of departure for the investigation, individuals who were working in the 
industry in 1990 have been selected and followed through to the 1992 cross 
section; hence, two cross sections have been involved. The same analysis has 
been made for the entire manufacturing industry in order to obtain 
information about differentials. The aggregated calculations for the 
manufacturing industry are the result of summing all the outcomes of the 
industries found on the same level as the pulp and paper industry within 
the Swedish industrial classification code (SNI). 

Using relative proportions, Table 2.2 shows what happened to those 
who were employed in 1990. Five possible paths have been identified: 

1) they still work in the same industry and municipality, 
2) they work in the same industry but in another municipality, 
3) they work in the same municipality but in another industry, 
4) they work in another municipality and industry, and 
5) they are not employed. 

The first path may be interpreted as meaning that they continue 
working at the same plant. This assumption may be true at least for the 
pulp and paper industry, in which there are relatively few work places and 
few municipalities containing two or more plants. However, this 
interpretation has to be toned down for the entire manufacturing industry, 
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since many industries have a different set of characteristics (e.g. many small 
work places). The fifth path called 'not employed' also includes retirements. 

As presumed in the first path, the pulp and paper industry shows 
considerably higher percentages than the entire manufacturing industry. 
Most of this difference is probably due to workers having changed industry 
within the same municipality (compare with the third path). Educational 
level seems to be an important factor for employment changes. In general, 
labour mobility is greater within the group of employees with higher 
education than within the other two educational categories. This is a clear 
pattern both in the pulp and paper industry as well as in the entire 
manufacturing industry. As regards the fifth path ('not employed'), 
education is also an important factor: the proportion of highly-educated 
personnel that have not been able to find new employment is lower than 
the corresponding percentages for personnel with elementary and 
secondary school educations. It is interesting to note that levels of 'not 
employed' are lower in the pulp and paper industry than in manufacturing 
in general. 

Table 2.2: Employment changes within the pulp and paper industry and 
the entire manufacturing industry (1990, 1992) for different paths, in per 
cent. 

0) 
Working_in 

the same 
industry and 
municipality 

(2) 
Working in 

the same 
industry but 
in another 

municipality 

(3) 
Working in 

the same 
municipality 
but in another 

industry 

(4) 
Working in 

another 
municipality 
and industry 

(5) 

Not 
employed 

I 

% 

The pulp and paper 
industry 

Elementary school 78.1 1.1 5.0 1.5 14.2 100 

Secondary school 76.7 1.6 8.1 2.5 11.2 100 

Higher education 69.4 3.3 11.4 5.6 10.3 100 

The entire manu
facturing industry 

Elementary school 63.5 1.7 14.0 2.9 17.8 100 

Secondary school 60.0 2.3 17.2 4.9 15.6 100 

Higher education 58.3 3.9 18.9 8.1 10.7 100 
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To which other industries have these people turned? The analysis 
indicates that,' in a descending scale, the five most frequent industries are: 
manufacture of pulp and paper production (industries where SNI^34lll 
and 34112); manufacture of chemicals and of chemical, petroleum, coal, 
rubber and plastic products; non-specified activities; wholesale trade; and 
real estate and business services. Close to two thirds of the total number of 
employees changing industry have found their way to these five industries. 
Almost every industry (at the 2 digit level) is represented. However, it has to 
be kept in mind that individuals within different SNI-codes have various 
occupations. In the case of Sundsvall, a comparison between the SNI-
variable (2 digit level) and the occupation variable (3 digit level) shows a 
great variety of occupations. The most frequent industry, 'social and related 
community services', includes over 160 occupations out of 240 possible, 
whereas 'fishing' only comprises 6 occupations. This implies that the 
industrial classification code is a rather crude tool for this kind of analysis. 
Nevertheless, it provides a general hint about which activities pulp and 
paper employees may turn to. 

3. A SIMULATION MODEL 

3.1 Choice of model 

In this study of the long-term effects of pulp and paper industry invest
ments on employment within different local labour markets, the central 
question is related to the major field of regional modelling. Efforts made 
by geographers, demographers, economists and others, have resulted in a 
large number of models for policy-making and impact analyses. A study 
carried out in the middle of the 1980s indicated that there were more than 
50 multiregional economic models (Snickars 1984). 13 Most of them are 
macro-orientated representations of the regional economic system, 
production, employment and population. 

Models stemming from these frameworks have been, and still are, 
successful tools for structured analyses. However, there are a number of 

13 The models reviewed in Snickars (1984) are a sample based on the following 
criteria: "To classify as multiregional the model must contain at least two regions, so 
large that commuting does not play a major role as a balancing factor for the labour 
market. To classify as economic it must not contain only subsystems outside the 
economic sphere. To classify as applied it must have been or be on the verge of being 
applied to some practical policy issue" (ibid p.l 10). 
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difficulties associated with these kinds of macro-orientated models. The 
problem of testing hypotheses in models which are formulated in terms of 
one-of-a-kind entities (such as regional population or unemployment) is 
substantial, since they are based on low-frequency macro time series. The 
results of applying different policy changes can be read for various large 
groups of individuals, but not for a specific individual. In other words, it is 
possible to evaluate the effects on the decision-making units - i.e. indi
viduals, firms, or households. Another problem is related to the restricted 
data variation. If the considered entity is highly aggregated the degrees-of-
freedom problem may occur. Limited amounts of data, i.e. few observations 
on each variable, permit very few unknown parameters to be estimated and 
tested. This problem gradually diminishes as the material becomes more 
disaggregated. Moreover, studies have also shown that aggregated time 
series tend to suffer from autocorrelation and multicollinearity (Orcutt 
1986). 

The main reason for turning to micro models is that they have the 
ability to maintain heterogeneity during the simulation and that they 
enable more unbiased aggregate information and, as a result, the outcome 
will include a great variety of information concerning general and specific 
conditions on the micro level. Another important characteristic is that the 
output can be aggregated up to suitable levels for answering research 
questions and for policy analysis. This facilitates a detailed analysis of micro 
processes, or sequences of individuals' actions, and provides opportunities for 
a more thorough understanding of the mechanisms behind the macro 
processes and of the consequences at aggregated or disaggregated levels. 

The conceptual ideas behind the microanalytic modelling approach 
were originally developed by Orcutt who, in 1957, published an article 
entitled "A new type of socio-economic system ". Four years later, together with 
Greenberger, Korbel and Rivlin, he produced a book in which they 
presented the first implemented microsimulation model (Orcutt et al. 
1961). Since then, many microanalytic models have been designed and run. 
Activity within this field has gradually increased and today it is not out of 
place to assert that the approach has become a major framework. 

The SIMSUND model is partly based on the TOPSIM I model, 
which represents the first stage in the development of full-scale, dynamic 
and interactive microsimulation models (Holm, Lindgren, Mäkilä & 
Malmberg 1996; Holm, Mäkilä and Öberg 1989). It is primarily the 

14 An overview of some microsimulation models developed in the 1970s and 80s is 
provided in Orcutt, Caldwell and Wertheimer II (1976); Bergmann, Eliasson and Orcutt 
(eds) (1980); Haveman and Hollenbeck (eds) (1980); and Orcutt, Merz and Quinke 
(eds) (1986). Newly published contributions on the recent advances within the field can 
be found in Clarke (ed) (1996). 
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demographic and the fundamental migration structures that have been 
borrowed from this model. 

Time-geographic microsimulation methodology has also been used 
within other problem areas. Fransson and Mäkilä (1994) developed a model 
which focuses on the "dynamics of individuals forming and dissolving 
households and the interdependence between changes in the composition 
of unoccupied dwellings and changes in the households" (ibid, p.265). 
Within the sphere of natural resources, more specifically oil production in 
Alaska, Malmberg and Mäkilä (1996) elaborated a microsimulation model 
for the analysis of the use of natural resources in relation to geographical, 
economic and political factors. In most models the micro-units are 
individuals or households, but here it is oil wells and oil companies that 
form the basic entities. 

3.2 Outline of the SIMSUND-model 

The SIMSUND-model is intended to answer questions concerning the 
long-term impacts of the LWC-90 investment in the Ortviken papermill 
on employment and redistribution of unemployment in the municipality 
of Sundsvall.^ Presumably stemming from the heyday of the industrial era, 
a widespread view is that production investments generate increased 
employment. However, longitudinal statistics indicate decreasing employ
ment within Swedish manufacturing industries and, more specifically, the 
survey addressed to the pulp and paper companies also indicates negative 
employment changes in connection with investment projects. Against this 
background it is assumed that the number of employees at the mill will 
diminish regardless of the implementation of the investment. 

In the model, the effect is calculated by comparing how much more 
employment would be reduced if the investment is not carried out 
(counterfactual scenario) in comparison to an alternative scenario con
taining the investment. It is reasonable to argue that a production unit 
which stops carrying out investment projects will, sooner or later, face a 
situation of weakening competitiveness and will eventually shut-down. 
This is especially true with regard to resource-intensive industries like the 
pulp and paper industry, in which companies mainly compete by means of 
high productivity based on high investment rates. The time perspective in 
the simulation is 15 years, which is assumed to reflect the probable 
economic life of a paper machine. Continuous re-investments may, 

15 For more information about the LWC-investment see Klint & Lindgren (1992, 
1993). 
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however, extend the years of production beyond the end of this time 
period, but without regular investment activities the operation would soon 
become unprofitable. 

The fundamental notion of analysing partial effects is based on the 
idea that the 'cause' factor can only have impact on the 'effect' factor in a 
way anticipated by the modeller. If the 'cause' factor cannot be varied in 
isolation it is rather pointless to say anything about partial effects. Folmer 
and Nijkamp (1985) provide a broad discussion on this theme and review 
different methodological approaches. In order to be able to say something 
about the long-term economic impacts of investments, two different 
scenarios have to be compared. 16 The reference scenario in which con
tinuous investments are carried out, has to be matched against an 
alternative scenario that lacks investment activities. The difference between 
these scenarios provides a measure of the effect. However, employing such a 
research design entails a number of problems. For example, the estimates of 
the annual employment changes provided by NUTEK (the Swedish 
National Board for Industrial and Technical Development) are used in all 
of the scenarios, which is not entirely correct (see below for a more 
thorough description of the industry change estimates and the different 
scenarios). Continuous investment activities in production plants are taken 
into account in NUTEK's calculations. The investment activities are 
embedded in both reference and alternative scenarios, although in the 
latter ones it is assumed that the LWC-investment has not taken place, in 
Sundsvall or elsewhere. 

In order to compensate for this difference, the employment estimates 
for the pulp and paper industry ought to be reweighted downwards. In 
terms of employment, the Ortviken mill accounts for 2.5% of the total 
work force within the industry and, in terms of work places, Ortviken is one 
of 107 pulp and papermills in Sweden (figures from 1990). The employ
ment percentage does not seem inconsiderable, but it should be kept in 
mind that the investment only refers to a part of Ortviken's operations. 
The LWC-line employs approximately one quarter of the total work force 
at the mill, which reduces its importance from 2.5% to 0.6%. The gist of 
this discussion is that the annual employment change (estimated at -0.5%) 
ought to be altered downwards but, for different reasons, it is difficult to 
know exactly by how much. For the sake of simplicity, the same employ
ment change estimates have been used in all scenarios. 

16 In some cases counterfactual scenarios can be compared to an historical course of 
event. For example, in 15 years the socio-economic impacts of the LWC-90 project will 
be empirically recognised, and it will be possible to make a comparison with a 
counterfactual scenario without the investment. In this article, however, the effect is 
obtained by comparing two calculated courses of events. 
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As in most microsimulation models the basic entity of the 
SIMSUND-model is individuals, i.e. individuals who live and work in the 
municipality of Sundsvall (approximately 103,000). The point of departure 
for the simulation is the information embedded in the micro-database, and 
the model calibrations have been carried out using this source. 

Labour demand 

Ranging from private companies to public authorities, employers demand 
labour at their places of work; this is expressed in terms of a demand pool, 
subdivided here into 240 occupational categories. Within the model 
framework these categories are regarded as partial labour markets, which 
correspond to homogeneous competence spheres (e.g. doctors, lawyers, 
fishermen, construction carpenters, firefighters). The generation of labour 
demand is carried out for 28 industries, which corresponds approximately to 
the two-digit level within the Swedish industrial classification code (SNI). 
By employing NUTEK's national estimates of annual industry change and 
demand changes due to investments at the Ortviken mill, the number of 
demanded employees within the partial labour markets can be calculated 
for every year during the simulation. The annual employment change 
assumptions applied in NUTEKS's growth scenario have also been 
employed here. 17 

The starting point for the calculation is provided by a cross-tabulation 
displaying the number of individuals falling into each combination of 

17 The Ministry of Finance is continually publishing forecasts for the Swedish 
economy in Långtidsutredningen. In LU-94 (Bilaga 6) a number of scenarios for the 
economic development up to 2010 have been elaborated. In the beginning of the 1990s 
the national economy underwent a severe crisis in terms of declining production and 
employment. It became evident that the extrapolated trend from the 1980s could not be 
achieved. The central aim of their modelling efforts is to analyse the future path of the 
economy and three scenarios are presented: stagnation, growth, and recovery. In the first 
one the decline in the economy can be stopped, but unemployment will remain at a high 
level. The international integration of the economy is assumed to develop slowly, which 
is supposed to restrain investments and market growth. In the second scenario the 
economy is p resumed to grow faster in comparison to the previous scenario. The slope of 
the trend is s imilar to the forecasts from the late 1980s, but on a lower level. The third 
scenario is the most optimistic one, in which the economy grows at such speed a that the 
development curve is supposed to converge with the baseline trend from the late 1980s 
towards the end of the simulation period. From this point of departure I have chosen to 
use the annual employment change assumptions applied in the mid-scenario (growth). 
More detailed information about modelling approach and assumptions is provided in 
Metoder y modeller och beräkningar (LU-94, Bilaga 1) and Näringslivets tillväxtförut
sättningar till2010 (LU-94, Bilaga 6). 
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industry and occupational category (28 * 240). Unfortunately, the available 
database only includes occupational information for one point in time, 
based on the Population and Housing Census from 1990 (FoB-90). The 
matrices for 1991, 1992 and 1993 are therefore calculated on the basis of 
data from 1990. The changing numbers of employees within the different 
industries are assumed to have a fixed occupation distribution. 

The impacts connected with the specific production investment at the 
mill are also included in the construction of the labour-demand module. 
These effects are based on two sources: (1) the employment effects on 
different industries induced by the purchasing process carried out during 
the investment period, and (2) the long-term effects of the implemented 
investment on employment at the mill. 

A detailed analysis of the investment process is provided in Klint and 
Lindgren (1992, 1993). The empirical data used in that study has also been 
employed here for exploring the short-term effects on other industries. By 
compiling every business transaction (i.e. purchase) and by determining to 
which industry the local suppliers belong, the purchased amount per indus
try is obtained. It turned out that six industries were involved. Most of the 
money was channelled through the construction industry and the industry 
for the manufacture of fabricated metal products, machinery and 
equipment. The implementation of the LWC-investment took place over 
a period of two to three years and the procurement process could be 
characterised as a web of relations between the purchasing team and the 
suppliers. The deliveries had to be made on time, otherwise the planned 
budget would be overdrawn due to the extra costs occasioned by the delays. 
Within the modelling context the investment resources are not assumed to 
be spent in one year (which would in fact have facilitated the calculations). 
A period of three years has been considered appropriate, but there is no 
information about how the invested amount is chronologically distributed. 
Due to this lack of knowledge it is assumed that 60% of the sum is invested 
during the first year, 30% in the second year, and 10% in the third and last 
year. 

The second source influencing labour demand is the long-tpm effects 
of the operation. As mentioned above, the papermill will not survive with
out investments. Sooner or later such a strategy would result in reduced 
employment. Thus, the central question concerns the difference between 
implementing an investment and not doing it. In the latter case, there are 
difficulties in estimating how many employees would lose their jobs, and at 
what rate. It could be argued that only the personnel working at the LWC 
production line would be affected. However, the reductions could diffuse to 
the rest of the mill, which implies a shut-down of the entire plant (the 
worst scenario). A factor of no direct relevance in this context, yet 
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empirically based, is that the other lines are producing newsprint, the 
locational conditions of which gradually change due to technological 
advances. The production of newsprint requires less and less virgin fibres 
and today the lion's share of the input consists of waste paper. Large 
quantities of waste paper are found at the major market areas — primarily 
within the core areas on the European continent — which motivates 
production there. On the other hand, the manufacture of LWC paper is 
entirely dependent on fresh virgin fibres (i.e. pulpwood no older than one 
month) which implies that production should be located in proximity to 
the raw material (Lindgren & Layton 1994). Against this background, the 
absence of investments in the LWC-line might well result in the shut
down of the entire papermill.18 Even though the question of how many 
employees would lose their jobs does not have an exact answer, the 
discussion nevertheless provides two estimates for the following analysis of 
the impacts on the municipal partial labour markets. 

Another problem, even more difficult to estimate, is the rate of 
employment reduction in case of the non-implementation of an invest
ment. One possible solution is to assume that the rate of decline is linear, 
i.e the same number of employees stop working each year. The impacts of 
this assumption can be tested within the labour-demand module. However, 
this does not seem to be a very realistic hypothesis. A papermill in which no 
investments are carried out may well manage to maintain output and 
production costs in order to satisfying demand for quite some time, but at a 
certain point its deteriorating competitiveness will lead to a rapid decline. 
During the first years of the simulation it should be noticed that this 
papermill would probably need more employees than in the alternative 
scenario containing an investment, as improved technology usually results 
in decreased labour requirements. In comparison with the investment 
scenario, the opposite one would be likely to have more employees during 
the first years, followed by a period of fewer, and finally substantially fewer. 
This possible relationship between the two scenarios has not been elaborated 
within the module. The relationship has been simplified in such a way that 
the two scenarios start at the same level, but the non-investment one 
declines according to either a strong or a weak non-linear function. In 
contrast to the linear alternative, most employees are laid off during the 
last years of the simulation period. 

1 8 The LWC-90 project has recently been followed by a second LWC line, which 
has taken the place of a newsprint line (PM4). 
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Labour supply 

The supply side consists of several components, the main one being the 
group of people who were working in 1990. This comprises the bulk of the 
individuals employed in Sundsvall, and will be more or less marginally 
altered over time by other factors. Another component is the number of 
young people who gradually enter the different partial labour markets. The 
allocation of individuals is estimated by using the labour market 
distribution of the younger cohorts, which means that the newcomers are 
assumed to behave in accordance with previously revealed patterns. More 
specifically, the partial labour market distribution of young people 
(between 16 and 19) is not equivalent to the distribution of the total 
working population. This is not surprising, as most of them have not yet 
finished secondary school, which means that they cannot reasonably be 
working in any partial labour market. Within the model individuals enter 
the labour market at these ages, but when are they supposed to shift to the 
general pattern? This shift is obtained by relating education requirements 
to the various labour markets. Three levels have been identified; secondary 
school, short higher education (< 2 years) and long higher education (> 2 
years). In this way, the point in time when young people join the general 
distribution depends on which professions they choose. 

Retirements is another factor that has an impact on the supply of 
labour. Most people stop working at 65. However, there is a lso a quite large 
number of people who, for different reasons, leave the work force before 
their 65th birthday. It is hard to find exact information about how many 
and when, so the early retirement pensions have been roughly estimated by 
means of age- and sex-specific participation rates (defined as how many 
persons in a population group who are working in relation to all indi
viduals in that group). 

The investment activities at the Ortviken mill affect labour demand 
and supply. The recruiting of new personnel to the mill has a positive 
impact on labour demand at the partial labour markets. Analogously, the 
dismissal of people at the mill adds to the pool of labour supply - more 
people will be on the look-out for work. 

Market clearing 

The current states of all individuals are changed annually by the model, in 
which labour supply and demand are matched in the market clearing 
process. The outcome of this process for each partial labour market could 
result in either excess demand or unemployment. On the basis of existing 
empirical knowledge a situation of labour shortage is not likely to occur. 
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However, in some specialised labour markets it is conceivable that there are 
too few professionals to satisfy the demand from the employers. This is 
especially the case in certain peripheral regions that have problems with 
attracting specialised labour. It is not likely that the municipality of 
Sundsvall belongs to this category, as it is a major centre in Norrland and is 
endowed with a diversified economy. Nevertheless, within the modelling 
context such a deficit situation is solved by immigration or inflows from 
other partial labour markets, according to an empirically observed 
distribution. 19 

In case of unemployment, individuals are assumed to either find a new 
job in their current partial labour market, try to find a job in an adjacent 
partial labour market, commute or move out from the municipality. 
Within each simulation year all individuals are confronted with these 
alternatives. 

The matrix of occupational changes used here provides information 
about which occupations they may go to, and the probability of the above 
alternatives. The number of commuters is constrained by the ability of the 
neighbouring municipalities to receive, so the number cannot exceed their 
capacity according to the empirical data. A possible solution to the arising 
disequilibrium is to let the unemployed gradually move out from the 
municipality. However, people are not likely to move to unemployment 
elsewhere, especially when considering the rules of unemployment benefits 
and the small difference between benefits and reservation wages, i.e. the 
lowest wage the individual is willing to accept for taking a job (Harkman 
1997). Moreover, a simple regression analysis attempting to explain out-
migration from Swedish municipalities in terms of municipal unemploy
ment rates did not provide any reliable estimates. In fact, the result 
indicated that unemployment does not trigger out-migration to any large 
extent. Unemployment statistics in Sundsvall provide further indications. 
The number of unemployed in November 1990 amounted to 1,160 
(1.92%), and three years later the number had increased to 3,962 (6.51%). 
The population aged between 16 and 64 years was virtually the same on 
both occasions (-60,500). In November 1996 the unemployment rate was 
7.74% and the relevant population numbered 60,680. On the other hand, 
it is unreasonable to assume that all of the unemployed stay in Sundsvall 
year after year. Some of them will probably leave, but this group is a part of 
the overall moves from the municipality generated by the model. In this 
way, the level of out-migration is determined by the demographic module 

19 Information about partial labour market changes is obtained by comparing the 
occupation variable in the Population and Housing Censuses carried out in 1985 and 
1990. This material includes the entire nation. 
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and, according to a parameter, some of the 'places' are assigned to 
unemployed individuals. 

A formalised outline of the model 

Figure 3.1 shows a condensed version of the structure of the model in terms 
of a flow chart. There is a problem here, since this kind of chart is normally 
associated with traditional macro models. In this case, however, it is not 
different flows of aggregates that are passing through the boxes; instead, 
individuals are flowing individually through the system, which is a central 
feature of microsimulation methodology. The arrows represent flows and, 
for the sake of simplicity, no distinction is made between causalities and 
flows in this chart. 

The SIMSUND-model has two modules: a disaggregated macro 
module and a microsimulation module. The first one generates labour 
demand and the second one takes care of demography, labour supply and 
the market clearing process. The boxes with rounded corners are exogenous 
variables, defined by empirical data or assumptions based on forecasts and 
qualified guesses. Some of them are empirical distributions (out-migration 
frequency, in-migration frequency, fertility and death-rates) that regulate 
the probability of different events occurring. The remaining boxes are 
endogenous variables or, perhaps more pertinent, important land-marks 
within the model structure. 

Labour demand is provided by the disaggregated macro module which 
produces time series throughout the simulation period. The numbers of 
working individuals and unemployed are added up at the beginning of 
every year, and the number of available jobs is obtained by calculating the 
difference between labour demand and the number of active individuals. 
Within the model the annual processing of all the individuals has two 
phases: (1) the summation of the number of active individuals and a check 
against labour demand; (2) the simulation. 

As a first stage in phase (1), a summation is carried out in every 
occupation, in which either a deficit or a surplus arises. Any deficit that may 
occur is aggregated to numbers of available jobs. Any possible surplus is 
reduced to zero by going through all individuals a second time and letting 
randomly chosen individuals lose their jobs. In the second phase (2) all 
individuals are simulated, which means that they go through demographic 
and labour market transformations. Demographic transformations refer to 
birth, death, migration, allocation of educational level and completion of 
education. These events are entirely individual. They are controlled by 
exogenously-given distributions, and they are not affected by job changes or 
changes related to other individuals (except for in- and out-migration 
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which clearly have an impact on labour market situation). Labour market 
transformations refer to alterations in employment status and/or occupa
tion. These transformations are designed as events that are directly 
connected to specific individuals, but there is an interaction (job competi
tion) through the aggregates that represent labour supply. 
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Figure 3.1: The flow chart for the SIMSUND-model. 
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In the simulation all individuals go through this process every year, 
and they may - according to conditions and probabilities based on sex, age, 
employment status and occupation - encounter a number of events that 
are thoroughly described below. Throughout the simulation period 
individual events and aggregated events are registered, as well as the stocks 
of individuals and jobs. 

New individuals enter by in-migration and they are assigned an 
occupation according to empirically estimated distributions. When the 
number of available jobs in a specific occupation exceeds a certain level a 
temporary modification of these distributions occurs (i.e. through the in-
migration of individuals with demanded competence). In- and out-
migration are also controlled by empirical distributions, which are based on 
database estimations by sex, age (six age groups) and occupation (the 30 
most frequent plus the remainder). The reason for aggregation is due not 
to technical constraints but, rather to the combination of matrix size and 
total flows. As the total in- and out-migration amounts to approximately 
1,000 individuals per year, most cells in the matrix would be empty if all 
240 occupations and one-year classes were used. 

Figure 3.1 provides a general outline of the model, but it does not 
capture the underlying mechanisms related to the different boxes. For 
example, the mechanisms that control the market clearing process and its 
impacts on the individuals' employment status can be displayed more 
explicitly. Figure 3.2 shows the model structure for market clearing. 
Individuals endowed with a set of attributes enter and, later on, they exit 
with perhaps an altered set of attributes (i.e. they may get/lose a job, change 
labour force participation status or retire). An individual who is within the 
labour force and applies for a job is firstly confronted with the situation of 
whether or not he/she succeeds getting a job in his/her current occupation 
(everybody goes through this annual procedure). It should be observed that 
most individuals keep their current jobs for a longer period than one year. 
Employing a labour-market reproduction system in which everybody is 
dismissed once a year is not a satisfactory solution. Nevertheless, if an indi
vidual manages to get employment he/she exits from the market clearing 
process; if not, he/she is assumed to consider working in another occupa
tion. The "max-try" parameter controls the number of chances the 
individual will have to find a job in another occupation ("max-try"=20). 
The failure of this attempt brings him/her to the last opportunity which is 
commuting to an adjacent municipality. If none of these three possibilities 
turn out positively he/she will become unemployed till the next 
simulation year. 
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An individual who is within the labour force may also choose not to 
apply for a job. If he/she leaves, the outcome depends on his/her age - 65 
years old or more implies retirement pension, other ages are considered to 
be temporarily outside the labour force. An individual who is outside the 
labour force has the chance of entering. If he/she manages to do that 
he/she is placed in the same position as those who are already within the 
labour force and apply for a job. 

Events 

Another way of elucidating the structure of the model is to focus on events. 
There are 16 possible events that may occur and these are discussed below. 

1. Start an education — The SIMSUND-model does not include a full 
representation of the educational system in Sweden, which means that only 
young people are assumed to go through the various levels of education. 
The main reason for this solution is that occupations have to be assigned to 
young people. Hence, no detailed distinctions are made here between 
different education programmes. 

2. Get a job in his/her occupation — Initially, through the employment 
status attribute, the database provides information about which individuals 
are employed or not. This procedure creates a stock of gainfully employed 
persons within the 240 occupational categories. No distinction is made 
between full-time and part-time work. Every year, throughout the 
simulation, the individuals are confronted with the market clearing process 
in which some of them get/continue their jobs. 

3. Get a job in a new occupation — Now and then employment in a specific 
occupation falls short and some workers become superfluous. In these cases, 
individuals are likely to apply for work in another occupation. By using 
statistics on occupational changes the probability distributions of every 
occupation are obtained; this, in turn, provides the basis for allocating 
individuals to other parts of the local labour market. There is, however, a 
parameter for determining the strength of this function. At one extreme, 
all unemployed are 'squeezed' towards the tails of the distributions — 
resulting in very low unemployment but 'odd' people (in terms of quali
fications) working in various occupations. This parameter is set to reflect 
the empirically recognised magnitude and distribution of occupational 
changes in the database ("max-try" is set to 20). Within the literature, 
search activity is often expressed in terms of search hours per week. Ohrn 
(1997) has carried out a study in which she asked more than 4,000 un
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employed about their search activity for new jobs. It was shown that, on the 
average, they'used 5.5 hours a week for this purpose. The intensity of search 
activities seems to be connected to labour market expectations. Individuals 
who expect to be re-employed do not put as much effort in seeking new jobs 
as other groups. Moreover, search intensity is also dependent on age, sex, 
education, professional experience, period of unemployment and the 
general labour market situation. These are results which can be used for 
improving the market clearing process in the model. 

4. Get a job after being outside the labour force — People who have been 
studying or giving birth or have had some other reason for not particip
ating in the labour force, have to be able to get a job again. The database 
contains information about the magnitude of this group and the occupa
tional categories amongst which they are distributed. 

5. Return to the labour force — It is also necessary to represent a flow of 
people to the labour force, irrespective of whether they succeed or fail to get 
a new job. Some people choose to reenter the labour force and start looking 
for work. The number of individuals is determined by the exogenously 
given age- and sex-specific participation rates. 

6. Leave the labour force te mporarily — This event is logically connected to 
the two previous ones — but represents a flow in the opposite direction. 
Some people leave the labour force for different reasons, e.g. start 
education, go into military service, give birth, or simply do not think that 
they have a chance in the labour market. The probability of leaving the 
labour force is based on the distributions within the database. 

7. Become unemployed — If the individual is unemployed and does not get a 
job in either his/her current occupation or any other possible occupation, 
then he/she remains unemployed. Unemployment can also occur through 
supernumeracy within the different partial labour markets. For example, if 
the exogenously-given estimate of employment changes by branch of 
industry is negative in a particular case, the need for employment will 
gradually decrease. This reduction affects certain partial labour markets in 
accordance with occupation distributions within the industries. 

8. Start commuting to another municipality — A part of the gainfully 
employed population in Sundsvall commutes to workplaces located outside 
the municipality and the model continues to represent the commuting 
pattern. However, there is also the probability of unemployed persons 
starting to commute. In this way the out-commuters consist of two 
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categories: the stock of people working outside Sundsvall (this group does 
not fully participate in the simulation and can be compared to an offstage 
chorus in an opera) and local unemployed who obtain work elsewhere. 

9. Emigrate from Sundsvall — Neither the numbers of out-commuters nor 
unemployed can increase infinitely. At a certain point and as a last resort, 
people will out-migrate. Since the spatial resolution in the model is low 
(Sundsvall/not-Sundsvall), out-migrants have no specific destination. Out-
migration is controlled by two parameters: frequencies embedded in the 
database, and labour-market-related flows. Labour-market-orientated 
reasons for moving are clearly a part of the overall pattern found in the 
database but, due to the importance of unemployment in the model, out-
migration of unemployed can be controlled by a parameter. The 'out-
migrating unemployed' parameter is set so as not to enhance out-migra-
tion beyond what is reasonable according to the information in the 
database. However, the parameter that controls the general out-migration 
can be set lower in order to provide space for more labour-market-
orientated out-migration. 

10. Retire — Individuals may be retired anytime during their active period 
(16-64). The probability of this event occuring gradually increases up to the 
age of 65, when all get retirement pensions. This mechanism is controlled 
by age- and sex-specific participation rates. 

11. Die — The process of dying must be induced in order to maintain a 
consistent population and labour force throughout the simulation. The 
number of deaths is determined by exogenous age- and sex-specific death 
rates (from Statistics Sweden). One may wonder why giving birth is not 
included in the list of events. This is due to the length of the simulation 
and the purpose of the model. Since the labour market is focused it is 
primarily concerning people between 16 and 64 years. If the simulated 
period had been longer than 15 years, it would then have been necessary to 
incorporate births in order to secure new young entrants on the labour 
market. 

12. Vacancy occurs — This is not an event from the individual point of 
view. Increased labour demand generates vacancies as well as changes in 
labour supply. If somebody dies a vacancy occurs and he/she has to be 
replaced. Vacancies may also arise when employed people choose to change 
occupations. This creates indirect labour-market impacts in the model, as 
people leave their current employment for new jobs in another partial 
labour market. Another significant reason for the occurrence of vacancies is 
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out-migration. Employed individuals who leave Sundsvall's labour market 
have to be replaced by others who are, for example, currently employed, 
unemployed, outside the labour force and choose to enter the labour 
market, young and entering the labour market, and in-migrating. 

73. Children and retired individuals die — The model has to distinguish 
between the deaths of active people on the labour market and the deaths of 
others, due to the 'replacement issue'. Children, individuals with early 
retirement pension, and old people (over 64) who die are simply struck off 
the population record. 

14. Immigrate to Sundsvall — The model does not know the origins of the 
immigrants. They arrive at the municipality according to known flows of 
employed and unemployed in-migrants (taken from the database). Later 
during the simulation there is a mechanism that rearranges the in-
migration in case of excess demand. This means that in-migrants arrive 
with an 'appropriate' set of labour-market attributes. For reasons related to 
problems associated with small numbers, this mechanism is only 
implemented on the 30 most frequent occupations. In order to maintain 
the balance of the in-migration flow, one parameter controls the strength 
of the 'desired' in-migration and another controls the observed in-
migration pattern that is embedded in the database. 

75. Immigrant gets a job and 16. Immigrant gets a job in a new occupation — In 
the market clearing process immigrants are dealt with in the same way as 
the local individuals. They have the same chance of getting a job in their 
last occupation or in a new one. Sometimes it may be reasonable to assume 
that immigrants already have obtained a job when they move to a new 
municipality. However, this possibility has not been taken into 
consideration. 

A technical description of the model 

The computer programme that controls the SIMSUND-model is written 
in C++ and consists of 2,300 rows. It is easily interchangeable between 
Macintosh (Code Warrior 11), different unix computers, and PCs 
(Windows or NT) equipped with Visual C+ + . The programme is 
moderately object-orientated and it is based on the premise that a number 
of large aggregates (e.g. the population of Sundsvall amounting to over 
100,000 individuals) can be stored in the core memory. Currently, 15 
megabytes of RAM are required. 
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Outcomes 

As the model is based on microsimulation methodology, results can be 
obtained in numerous dimensions. The model simulates possible paths for 
individuals in Sundsvall for 15 years ahead. Their biographies can be ana
lysed and aggregated according to specific research questions. The central 
question in this study concerns the employment and unemployment 
effects on the different local labour markets induced by an investment in 
the Ortviken mill. One of the qualities of the model is that it is able to 
distribute the primary change caused by the investment among individuals 
in different occupations and through time. The outcomes of the simu
lations will make it possible to elaborate the model with regard to which of 
the 240 identified partial labour markets will change and which of them 
will have substantial imbalances resulting in unemployment. 

3.3 Some notes on model development 

The elaboration of a microsimulation model is fraught with numerous 
possible pitfalls. Some mistakes are made when programming; others are 
related to errors in logic committed when planning the structure of the 
model. Usually there is not just one single mistake, but several mistakes 
nesting at different levels within the system. It is known by experience that 
problems are often concealed by other problems, i.e. as soon as one of them 
is solved new unknown ones tend to appear. Consequently, the debugging 
process is a time-consuming but highly necessary activity. Sometimes 
biographies are used for this task (Holm et al. 1996). In this case various 
macro time series (e.g. available jobs, unemployed, number of employed) 
have provided good indicators of model performance. Several problems 
have been detected by looking thoroughly into model outcomes. One such 
problem refers to the relation between full-time and part-time jobs. 

The SIMSUND-model does not distinguish between full-time work 
and part-time work. Everybody who is employed according to the database is 
assumed to work full time, which is obviously not correct. There are many 
people who are part-time workers, especially within certain occupations 
dominated by women. Another aspect on this theme is young people's 
activities on the labour market. No distinction is made between full-time 
and part-time jobs, so that too many young people appear to be working 
when their vacation jobs are placed side by side with the ordinary stock of 
jobs. As they gradually enter higher education programmes they leave 
vacancies that anyone in the labour force can apply for. The implication of 
such a procedure is, for instance, that there might be a 50-year old ice-cream 
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salesman working on the beach, a combination which is not so likely to 
occur in the feal world. Nevertheless, this matter affects the unemploy
ment figures as too many jobs appear to be available. The solution to this 
problem can be carried out on different levels. The elegant way is to 
reproduce part-time work within the model. To be able to do that properly 
requires empirical information on the individuals. Such attributes are not 
available, however, which impedes reliable model calibration. Another, 
slightly more pragmatic, solution is to consistently rescale the labour supply 
so that the model-generated participation rates comply with the rates given 
exogenously. A number of young people therefore have to be removed 
from the labour force and assumed to be non-working or studying. The 
latter alternative has been adopted to cope with this problem. 

The reproduction of labour market dynamics in the model is primarily 
based on flows between three stocks: employed, unemployed and outside the 
labour force. Individual attributes regarding these states would clearly be 
needed in order to achieve proper model calibrations. However, the employ
ment status attribute (employed/not employed) is the only information 
available within the database, and individuals who are not employed may be 
either unemployed or outside the labour force. To get a grip on this 
problem exogenous sex and age-specific participation rates have been used 
to attempt to differentiate between unemployment and labour force non-
participation. This is a somewhat rough solution, but it is probably the best 
considering the prevailing conditions. 

The database does not contain reliable information about occupation 
for individuals that are 'not employed' at the outset of the simulation, and 
the occupation distributions of unemployed and employed people are 
dissimilar. If the occupation distribution for employed individuals is 
applied to those unemployed, an awkward process (difficult to analyse) will 
appear in the beginning of the simulation, and the outcome of this process 
distorts the results of the entire model. However, at the end of the 
simulation the oscillation fades away and a preliminary occupation 
distribution of unemployed is obtained. One possible solution to this 
problem of lack of data is, thus, to use the model-generated distribution as 
an input. This solution has been applied. 

In-migration to the municipality is the principal flow affecting the 
number of working people. Occupations are assigned to the in-migrants in 
accordance with the initially-estimated occupation distribution of the 
municipal population. To avoid an escalating shortage of labour in certain 
occupations a specific feedback procedure is introduced: When the deficit of 
labour in an occupation falls below a certain level, more individuals with 
these needed skills move into Sundsvall and, at the same time, fewer 
individuals with skills suitable for occupations with excess demand move 
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into the municipality. However, in the long run there will still be labour 
shortage in certain occupations. This problem is dealt with by using another 
feedback procedure, in which the inflow of young people via education 
programmes is increased at the expense of other occupations where there is 
unemployment. 

The simulation period is short which implies that everyone who is 
economically active (16-64 years) during the simulation exists in the initial 
population. Basic demography (births and deaths) has a restricted impact on 
the course of events in the labour market. On the other hand it is import
ant that the initially existing manpower does not differ qualitatively from 
that which is model-generated. These circumstances necessitate the careful 
handling of all inflows and outflows (in-migration, out-migration, newly-
educated young people, individuals' temporary and permanent mobility 
into and out from the labour force). Many of the aspects discussed above are 
connected to these flows. Earlier versions of the model suffered from 
substantial turbulent oscillations during the first years of simulation. Such 
problems are annoying, especially when the planned simulation period is 
short. The current version of the model starts from a situation which is 
more consistent with the course that follows and, for the most parts, these 
problems are thereby eliminated. 

3.4 Model scenarios and simulation output 

Model scenarios 

Table 3.1 provides an outline of the different scenarios in the SIMSUND-
model. The point of departure for the simulation consists of two reference 
scenarios in which the annual industry changes in terms of employment 
have been used. The first reference scenario (SI) involves the implementa
tion of the investment, i.e. simulating poulation and employment 
dynamics by simply using the annual employment changes provided by 
NUTEK. As is shown in Klint & Lindgren (1992, 1993) the LWC-
investment also brought about a short-term economic effect during the 
implementation, which is taken up in the second scenario (S2). 

The following six scenarios mirror alternative paths into the future 
without the investment implementation. Scenarios three to five (S3-S5) 
elaborate on the possibility of closing the LWC production line (approxim
ately 250 employees), whereas scenarios six to eight (S6-S8) involve the 
shut-down of the entire Ortviken papermill (approximately 1,000 
employees). All these scenarios imply employment reductions, but the rates 
vary. The reduction follows either a linear function, a weak non-linear 
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function, or a strong non-linear function. The first alternative means that 
equal numbers of employees lose their jobs every year during the 
simulation. The implications of the second alternative are that, in 
comparison to the linear alternative, fewer lose their jobs in the beginning 
of the simulation, but that the reduction rate accelerates during the last 
years. The third alternative implies that almost all employment reduction 
takes place during the last years of the simulation. 

Table 3.1: Model scenarios. 

Scenario characteristics 

SI: Implementation 

S2: Implementation plus short-term investment effect 

S3: No implementation; employment reduction: the LWC-line; strong non-linear function 
S4: No implementation; employment reduction: the LWC-line; weak non-linear function 

S5: No implementation; employment reduction: the LWC-line; linear function 

S6: No implementation; employment reduction: the Ortviken mill; strong non-linear function 

S7: No implementation; employment reduction: the Ortviken mill; weak non- linear function 

S8: No implementation; employment reduction: the Ortviken mill; linear function 

Simulation output 

The industry change estimates provided by NUTEK imply that the 
number of employed in Sundsvall increases from 49,300 (1991) to 51,100 in 
(2008). Figure 3.3 shows the development of the number of employed for 
ten replications of the first reference scenario and for the alternative 
scenarios (2-8). As the model is imbued with probability distributions it is 
pertinent to investigate the impact of the stochastic variation in 
comparison to the systematic variation (caused by changed assumptions, i.e. 
alternative scenarios). In order to get a grip on the stochastic variation the 
reference scenario (Si) has been replicated ten times. Mean and standard 
deviations for the last simulation year (2008) have been calculated and 
compared to the outcomes of the alternative scenarios (S2-S8). By using 
confidence limits (p<0.05) it is shown that the alternative scenarios 
significantly differ from the reference scenario. However, these results are 
strongly related to the level of aggregation. The employment numbers run 
up to about 50,000, which is roughly half of the population in Sundsvall. 
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The same calculation is carried out on the number of unemployed, which 
amounts to 5,000 at the end of the simulation. In this case there are still 
significant differences, but the result is not found as far out in the tails of 
the distribution. As regards the number of available jobs (50) in 2008 the 
stochastic variation is much larger than the systematic variation, i.e. no 
visual distinction can be made between the replications and the alternative 
scenarios. 
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Figure 3.3: Simulated development of the number of employed in 
Sundsvall. 

The second scenario (S2) is also a reference scenario, but here the short-
term impact has been added. There are, of course, problems connected to 
such a comparison, especially with regard to the straightforward calculation 
of employment impacts based on payment flows; but there are also 
problems due to its theoretical nature — for the employment developments 
in the other scenarios are based on empirical employment data, whereas the 
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short-term impact is not. Nevertheless, scenario 2 hints at the magnitude 
of the short-term impact in comparison to the long-term impact. Scenarios 
3 to 5 show the outcomes on employment if the LWC-line was closed and 
scenarios 6 to 8 reflect three possible course of events if the Ortviken mill 
was shut down. The direct effect of a total mill closure would mean a 2% 
employment reduction within the municipality in 2008. Similarly, closure 
of the LWC-line would reduce employment by 0.6%. 
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Figure 3.4: Cumulative employment and unemployment changes due to 
the closure of the Ortviken papermill. 

Clearly, the employment reduction is distributed among 240 
occupations, some being more affected by the change than others. In order 
to analyse local employment and unemployment impacts induced by a 
closure of the Ortviken mill in 2008 (the last year of the simulation) the 
outcomes of scenarios 1 and 6 have been compared. Figure 3.4 shows the 
uneven distribution of employment and unemployment changes on 
occupations. Approximately 60% of the employment reduction and 40% 
of the unemployment increase take place within 10 occupations. Similarly, 
65 of the occupations face 95% of the employment reduction caused by the 
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closure. This implies that relatively few of the 240 occupations are strongly 
connected to the papermill. However, the cumulative unemployment 
graph line hints at the indirect labour market effects. If the unemploy
ment graph line had coincided with the employment curve (i.e. had they 
shared the same uneven occupation distribution), it would have been 
possible to conclude that reduced employment in certain occupations also 
resulted in unemployment in the same occupations. Since the Gini-
coefflcients of the unemployment and employment curves amount to 34 
and 50, respectively, the shut-down of the Ortviken mill seems to give rise 
to imbalances on partial labour markets, both those firmly connected to the 
pulp and paper operations as well as more peripheral ones. 

Figure 3.5 shows in absolute numbers employment and unemploy
ment differences between the scenarios (Si and S6) in the occupations 
(2008). Due to the stochastical process, some caution has to be used when 
interpreting occupations situated within the oval in Figure 3.5. Occupa
tions below the diagonal line meet with larger employment reductions 
than unemployment increases, whereas the opposite condition prevails 
above the line. Most occupations (located around origo) are not affected at 
all, since they are not, or only weakly related to the pulp and paper industry. 
However, it is interesting to note that several occupations beyond the direct 
effect (employment reduction equals zero) do have unemployment 
changes. This is a sign of the indirect effect of the closure of the Ortviken 
mill (see Table 3.2). 

Table 3.2: Occupations with the largest indirect effects. 

Occupation Unemployment change 

Technical education teachers 21 

Childrens nurses 15 

Railway conductors and yardmen 15 

Bank tellers and financ e clerks 14 

Horticultural workers 13 

Machine assemblers and engine mechanics 13 

Attendants in psychiatric care 8 

Midwives -8 

Insurance clerks -8 

Coaches and horse trainers -8 
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Figure 3.5: Simulated employment and unemployment differences in 
Sundsvall, due to the closure of the Ortviken papermill (in absolute 
numbers in 2008) and comparing scenarios Si and S6. 
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It is hardly unexpected that the pulp and paper makers experience the 
biggest employment reduction, and 224 (54%) fewer individuals will work 
in this occupation as a result of shut-down of the mill. Some of the occupa
tions in Figure 3.5 are not intuitively associated with the pulp and paper 
industry (e.g. journalists and precision-instrument makers), but they are 
nevertheless represented. Statistics on occupational affiliation are provided 
by the Population and Housing Census (FoB-90) in which people have 
been asked to give this information. Thus, the accuracy of the analysis is 
dependent on the data quality of the occupation variable in the Census. 
The evaluation of FoB-85 showed that over 90% of all gainfully employed 
individuals were assigned correct occupation classification.2^ Nevertheless, 
the reason for finding so many journalists in the analysis may be connected 
to the location of company headquarters. At the start of the simulation 
SCA's head office was still located in Sundsvall (it was moved to Stockholm 
in 1993). This executive function incorporates activities such as public 
relations, the shaping of publications (e.g. annual reports), and internal 
printed papers (e.g. personnel periodicals). All these activities require a 
professional staff, which might explain the negative 'impact' on this 
particular occupation. 

So, what are the possible explanations for the findings related to the 
occupation dynamics within the model? The outcomes in Figure 3.5 are 
the result of a comparison between two scenarios (Si and S6) in which the 
conditions are the same in the model, except for a certain reduction of 
labour demand distributed among occupations in the pulp and paper 
industry. Hence, the dynamics cannot be entirely due to increasing or 
decreasing industry change estimates. It seems more likely that these 
dynamics are connected to the occupation change mechanism within the 
market clearing process. In the sixth scenario employees are gradually laid 
off (most individuals leaving during the last years of the simulation), which 
means that more people are inclined to apply for jobs in other occupations 
(see Figure 3.2). All of a sudden there are individuals, previously working as 
pulp and paper makers (A), competing for jobs with individuals already 
working in occupation B. Some of them coming from occupation A 
succeed and enter B, whereas others fail and try occupation C or some other 
possible occupation. The enhanced competition from individuals in A may 
result in difficulties for individuals in B to continue in their current 
occupation and they must turn to occupation C or any other possible 
occupation. Thus, the reference scenario (Si) and the alternative scenario 
(S6) give rise to two different courses of events concerning occupation 

20 For a more thorough presentation of data quality and comparability see FoB-90, 
part 5. 
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change. The numbers of occupation changes in the reference scenario and 
the alternative scenario amount to 27,241 and 27,745, respectively, which 
implies that the closure of Ortviken brings on a 1.9% higher inter-
occupational mobility on the local labour market. 

In order to take the analysis of the model outcomes (presented in 
Figure 3.5) a few steps further, a number of occupations will be focused 
upon. It is interesting to note that certain occupations meet with relatively 
high unemployment increases, despite relatively moderate employment 
reductions (occupations situated above the diagonal line). Moreover, there 
is one occupation that faces substantial reductions in both employment and 
unemployment (clerical and related workers). Within the oval there are a 
few occupations that show positive employment changes, which is an odd 
outcome when considering that the experiment deals with a substantial 
employment reduction. Nevertheless, these deviations are small and might 
be a result of the stochastic process. 

As it is assumed that the labour market dynamics within the model are 
closely connected to occupation changes, it is pertinent to look closer at this 
mechanism. When comparing statistics from FoB-85 and FoB-90 it is 
evident that most individuals have the same occupation on both occasions. 
However, the numbers of entries and exits are seldom the same, i.e. the in
flows from other occupations (alternatively, young people or immigrants 
entering the labour market) are bigger or smaller than the out-flows to 
other occupations (alternatively, deaths or emigrating people). This 
phenomenon has an important influence on the outcomes of the model, 
since occupation transitions are controlled by the empirical occupation 
change matrix. Occupation changes occur every year during the simulation 
and lay-offs from Ortviken gradually become more frequent. This implies 
that transition probabilities, to and from occupations, operate throughout 
the simulation period. As a result, it is l ikely that individuals 'get caught' in 
occupations where the exit flows are substantially smaller than the entry 
flows, and that unemployment increases. To some extent this notion seems 
to be correct. Table 3.3 shows a selection of labelled occupations taken from 
Figure 3.5. 

Salesmen show fewer exits than entries, whereas it is the other way 
round for clerical workers and machinery fitters. This outcome is in 
accordance with their positions in Figure 3.5, - regarding unemployment 
change in relation to employment reduction. However, the positions of the 
remaining occupations do not comply with the suggested explanation. 
There are likely other factors that also have an impact on the results. One 
of them is the distribution of occupation transitions. 

Figure 3.6 displays the same set of occupations and it clearly shows the 
different distributions. For example, 50% of all transitions from the 
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Table 3.3: Numbers of entries and exits in selected occupations. A 
comparison between FoB-85 and FoB-90. 

Occupation Entries Exits 

Pulp and paper makers 3,731 3,086 

Journalists 4,656 3,156 

Salesmen 33,709 23,321 

Clerical workers 39,176 52,265 

Cleaners 37,826 37,219 

Machinery fitters 17,382 18,185 

journalist occupation go to 2 other occupations, whereas the corresponding 
figure for clerical workers is 8 occupations. It is not possible to generally 
determine the correlation between the distribution of occupation 
transitions and unemployment change, but it hints at the combination of 
occupation transitions and industry change estimates. Journalists are only 
likely to change to a few other occupations, while clerical workers are 
inclined to change to a large number occupations. The impacts on 
unemployment among journalists and clerical workers, however, are not 
univocal since it depends on the development of the 'adjacent' occupations 
to which these groups may turn. 

In order to illustrate the impact of occupation transitions on 
unemployment, journalists and cleaners have been chosen. According to 
Table 3.3 there are more entries into the journalist occupation than exits, 
but unemployment is nevertheless lower than expected (see Figure 3.5). 
However, half the transitions are directed towards two other occupations. 
By relating the number of working individuals in these occupations as 
distributed among industries to the industry change estimates, a measure of 
'standing' is obtained. The same calculation has been carried out for the 
transition of cleaners (half the transitions are directed towards 8 
occupations). Although this occupation shows as many entries as exits, 
unemployment is higher than presumed. It was shown that cleaners have a 
lower value than journalists, which implies that journalists are more likely 
to change to occupations that are well represented within expanding 
industries. Cleaners, on the other hand, are less likely to change to such 
occupations (see Figure 3.5). 

The same mechanism (i.e. the combination of occupation transitions 
and industry change estimates) explains occupations that meet with no 
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•Pulp and paper makers 
Salesmen 

•Clerical workers 
•Cleaners 
-Machinery fitters 

Occupation 

Figure 3.6: Occupation transitions in selected partial labour markets. 

employment reduction but nevertheless register unemployment change 
(see Table 3.2). The closure of Ortviken releases manpower that will apply 
for other jobs on the local labour market. The process of occupation trans
itions which have different 'standings' in the various industries generates 
the indirect effect. 

The occupation change mechanism is clearly a vital part of the model, 
in which outcomes are affected by the parameter that controls the number 
of times per simulation (year) that individuals are allowed to go through 
the market clearing process. Varying the "max-try" parameter influences 
several components within the model, e.g. occupation changes, unemploy
ment and out-migration. If the parameter is given a high value un
employment will decrease, as a result of forcing individuals to apply for jobs 
in occupations with extremely small transition rates. Excess demand in a 
certain occupation can always be met by individuals from almost any other 
occupation. Thus, the model will perform differently when this parameter 
is altered. 

In order to show the range of potential model output (from macro to 
micro) a couple of the most eventful simulated biographies have been 
selected for presentation (Table 3.4). For most individuals, however, only a 
few events take place in the model during the simulation period. 
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Table 3.4: Two examples of simulated biographies. 

Individual Biography 

1 Biography for 75652, here called Johan Persson, born in 1961. In 1994 
he searched for a job, but there were none available. One year later he got 
a job as assistant nurse which is his own occupation. In 1996 Johan 
temporarily left the labour force. Three years later, in 1999, he searched 
for a job again, but there were still none available. In 2000 Johan started 
working as a pre-primary education teacher. Two years later in 2002 he 
temporarily left the labour force. In 2005 he searched for a job, but he 
did not find a job. Two years later, in 2008, Johan Persson moved out 
from Sundsvall at the age of 47. 

2 Biography for 40757, here called Anna Lundqvist, born in 1938. In 1991 
Anna changed occupation from shop assistant to messenger. Two years 
later she changed occupation a second time and became a hotel 
receptionist. In 1994 Anna temporarily left the labour force. One year 
later she searched for a job again, but there were none available. In 1996 
she got a new job in her own occupation (hotel receptionist). Six years 
later, in 2002, Anna temporarily left the labour force. 

The SIMSUND-model has thrown light on the local labour market 
effects of closing the Ortviken papermill. It has been shown that linkages 
between different partial labour markets give rise to indirect impacts in 
terms of changed unemployment in occupations not represented in the 
pulp and paper industry. Unemployment increases among, for example, 
technical education teachers, children's nurses, and railway conductors and 
yardmen, whereas a decrease is noticeable among midwives, insurance clerks, 
and sports coaches and horse trainers. There are also indirect impacts on 
occupations in the pulp and paper industry. Some occupations meet with a 
larger unemployment increase than expected considering the employment 
reduction. Salesmen, cleaners, electrical engineers and stationary engine 
operators belong to this category. Pulp and paper makers, the occupation 
mostly associated with Ortviken, meets with reduced employment (224), 
but unemployment only increase by 150 which means that this occupation 
gets on relatively well. Chemical engineers, machinery fitters, journalists, 
electrical fitters and sales workers also belong to this category of 'winners'. 
However, clerical and related workers gain the most by the closure of 
Ortviken. Although there are 30 clerical workers in the pulp and paper 
industry, unemployment is reduced by 10 in this occupation. 
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4. CONCLUDING REMARKS 

The aim of this article has been to investigate the long-term direct and 
indirect effects on the partial labour markets in Sundsvall induced by an 
investment project at the Ortviken papermill. The development of the 
SIMSUND-model has been supported by a register study, which has shown 
labour mobility and employment changes within the Swedish pulp and 
paper industry. Moreover, the results from a survey addressed to companies 
in the industry have contributed to the design of the microsimulation 
model. 

As a consequence of a continuous structural change the number of 
production plants has decreased, but the remaining ones have become 
larger. In 1953 there were 129 pulp mills and 75 papermills in Sweden. 
Almost 40 years later, in 1989, the numbers had fallen to 55 and 54, 
respectively (Nilsson 1991). During the same period production capacity per 
mill has increased six to seven times. In the long run, investments in 
production play an important role for maintaining and strengthening 
competitiveness. Refined and new products are increasingly demanded by 
the market, which necessitates cost efficiency at all levels within the 
production chain. The responding companies in the survey have carried out 
investments for nearly 12 billion SEK but it turned out that the stated 
immediate consequence of the investments was a negative net employment 
change with more than 200 jobs vanishing. 

Since the need for additional labour is restricted in connection to 
investments, it is not surprising that labour mobility is low. The genuine 
intra-industry labour mobility only amounted to about 50 persons during 
two years. Within this small group, all educational levels are represented 
and, in comparison to the industry average, they are younger, their annual 
incomes are higher and they are more likely to be women. These 
individuals might have different specialised skills which explain their 
mobility but, if this is the case, why are they so few? However, the 
interpretation of the results should perhaps be made from the opposite 
starting-point. In terms of intra-industry mobility, the Swedish landscape 
of production units is like an archipelago with almost no interaction 
between the islands. There are, indeeed, some flows of commuters and 
migrants, but these are smaller than comparable counterparts on the 
national level (statistics for the whole of Sweden), and the frequency of 
connections between the production islands appears to be low. In turn, this 
implies that a change in production, resulting in employment increase or 
decrease, tends to be a purely local matter. Such an event is often of vital 
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interest to the municipality in which it takes place and it is therefore 
important to learn about its consequences in detail. 

The outcomes of the microsimulation model have indicated direct as 
well as indirect employment effects of closing the papermill. It would not 
have been possible to trace indirect effects, such as imbalances arising on 
individual partial labour markets, without a micro representation of the 
local socio-economic system. The SIMSUND-model presented in this 
article may be impaired by shortcomings due to simplified model design, 
insufficient empirical data for calibration, and inadequate assumptions 
regarding individual behavior, but it has nevertheless revealed the existence 
of indirect labour market effects induced by altering activities at the 
Ortviken papermill. Microsimulation modelling appears to be a powerful 
tool for impact studies and the analysis of labour market development, not 
least in connection with the allocation of labour market policies. 
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APPENDIX: Survey addressed to companies in the pulp and paper industry. 
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Under en längre tid har det bedrivits forskning om den svenska skogsindustrin vid 
Geografiska institutionen i Umeå, både i ett historiskt perspektiv och i ett nutidsperspektiv. 
Området för denna studie är samspelet mellan produktionsförändringar och arbetskraftens 
rörlighet. Många undersökningar har visat att den geografiska trögheten på den svenska 
arbetsmarknaden är stor, vilket betyder att människor inte i någon större utsträckning flyttar om 
arbetstillfällena upphör. När produktionsteknologin förfinas ställs stora krav på personalens 
kompetens och rekryteringen av personal blir en alltmer betydelsefull fråga för företagen. En 
fråga som vi ställer oss är hur m assa- och pappersindustrins behov av arbetskraft påverkas av 
personalens rörlighet/brist på rörlighet mellan olika geografiska delarbetsmarknader. 

Preliminära resultat från analyser av offentlig statistik visar att antalet personer som flyttar 
och tar ny anställning vid något annat arbetsställe i branschen är obetydligt. Under de första åren 
på 1990-talet har endast några tiotal personer genomfört en sådan flyttning. 
Pendlingsbenägenheten är däremot betydligt större och detta gäller inte enbart kortväga pendling. 
En intressant indikation är att pendlingsmönstren varierar mycket över tiden, vilket skulle kunna 
betyda att lokala och temporära förändringar av efterfrågan på arbetskraft i samband med 
investeringar täcks av inpendling från i stort sett hela landet. 

Under perioden 1988 - 1993, som vi studerar, har det också som bekant skett en hel del 
neddragningar i branschen. På basis av den offentliga statistiken går det att se vad som händer 
med de människor som måst lämna sina arbeten. Preliminära resultat visar att en betydande andel 
av dem som slutade 1990 hade fått nya arbeten på den reguljära arbetsmarknaden två år senare. 
Analyserna visar också att det finns en avsevärd regional variation i detta mönster och att 
människors utbildningsnivå spelar en stor roll för möjligheterna att få nytt arbete. 

För att bättre kunna analysera hur massa- och pappersindustrin kan rekrytera den 
arbetskraft som behövs och personalens anpassning på arbetsmarknaden skulle vi behöva 
komplettera den offentliga statistiken med information om Ert företags produktionsförändringar 
mellan åren 1988 och 1993. Denna enkät kommer att gå ut till samtliga företag i branschen och 
vi hoppas att resultaten ska vara till ömsesidig nytta. När rapporten är klar distribueras den till 
Er. 

Det vore värdefullt om Ni har möjlighet att hjälpa oss i denna undersökning. Om Ni har 
frågor eller synpunkter beträffande forskningsprojektet tag gärna kontakt med oss. 

/Adressuppgifterna är hämtade från "Handbok för Nordisk Träindustri 1991/92". En lista över 
de företag som enkäten skickas ut till bifogas./ 

Med bästa hälsningar 

Einar Holm (professor), projektledare Urban Lindgren (fil.lic), doktorand 
Tel: 090/165729 Tel: 090/165539 

Telefax: 090/166359 (Geografiska institutionen, Umeå universitet) 
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Företag i svensk massa- och pappersindustri: 
- ASSI, 105 22 Slockholm 
- Alstermo Bruk AB, Box 542, 360 75 Alstermo 
- Bäckhammars Bruk AB, 681 83 Kristinehamn 
- Cascades Djupafors AB, Box 501, 372 25 Ronneby 
- Duni AB, Box 523, 301 80 Halmstad 
- Eds Bruk AB , 590 98 Edsbruk 
- AB Figeholms Bruk, 570 92 Figeholm 
- Fiskeby Board AB, 601 02 Norrköping 
- Frövifors Bruk AB, Box 60, 710 40 Frövi 
- Förenade Well AB, P.O. Box 1104, 241 26 Eslöv 
- Håfreströms AB, 464 82 Åsensbruk 
- Inland AB, 463 82 Lilla Edet 
- AB Klippans Finpappersbruk, Västerg. 1, 352 30 Växjö 
- Korsnäs AB, 801 81, Gävle 
- Metsä-Serla AB, 542 88 Mariestad 
- Mo och Domsjö AB, 891 80 Örnsköldsvik 

- MoDo Cellkraft AB, 891 80 Örnsköldsvik 
- MoDo Paper AB, Box 5417, 114 84 Stockholm 
- Holmen Paper AB, 601 88, Norrköping 
- Iggesund Paperboard AB, 825 00 Iggesund 

- Munkedals AB, 455 01 Munkedal 
- Munksjö AB, Box 624, 551 18 Jönköping 
- Munksjö Hygien AB, P.O. Box 624, 551 18 Jönköping 
- Munksjö Kraftemballage AB, P.O., Box 824, 382 28, Nybro 
- Munksjö Paper AB, Box 624, 551 18 Jönköping 
- Ncb AB, John Ekmans väg 1, 8 73 02 Väja 
- Norrsundet Bruks AB, Box 4, 817 01 Norrsundet 
- Rottneros Board Svaneholm AB, 662 03 Svanskog 
- Rottneros Rockhammar AB, 686 02 Rottneros 
- SCA Svenska Cellulosa Aktiebolaget, Box 7827, 103 97 Stockholm 

- SCA Graphic Paper AB, Box 846, 851 23 Sundsvall 
- SCA Ortviken AB, Box 846, 851 23 Sundsvall 
- Wifsta-Östrand AB, P.O. Box 123, 861 00 Timrå 

- SCA Packaging Business Group, Exelsiorlaan 79/81, B-1930 Zaventem, Belgium 
- SCA Nordliner AB, Box 100, 910 24 Obbola 
- SCA Emballage AB, Box 504, 331 25 Värnamo 

- SCA Mölnlycke AB, 405 03 Göteborg 
- The Stora Group, 791 80 Falun 

- Stora Billerud, Udden 663 00 Skoghall 
- Stora Billerud division Billerud Paper, 664 00 Grums 
- Stora Billerud, division Billerud Board, 663 00 Skoghall 
- Stora Billerud, division Kopparfors, 770 66 Fors 

- Stora Cell AB, Box 897, 801 31 Gävle 
- Stora Cell Skutskär AB, P.O., Box 100, 814 23 Skutskär 
- Stora News AB, 791 80 Falun (Vi får inget svar av dem för de är utlandsägda numera) 

- Hylte Bruks AB, 314 00 Hyltebruk 
- Stora Kvarnsveden AB, Box 733, 781 27 Borlänge 

- Stora Papyrus, P.O., Box 214, 431 23 Mölndal 
- Stora Grycksbo AB, 790 20 Grycksbo 
- Stora Mölndal AB, Box 213, 431 23 Mölndal 
- Stora Nymölla AB, 295 80 Nymölla 

- Södra Skogsägarna AB, 351 89 Växjö 
- Tambox AB, Box 1055, 551 10 Jönköping 
- AB Tumba Bruk, 147 82 Tumba 
- Utansjö Bruk AB, 870 15 Utansjö 
- Waggeryd Cell AB, Box 7, 567 00 Vaggeryd 
- Åmotfors Bruk A B, 670 40 Åmotfors 
- Örebro Kartongfabrik AB, P.O., Box 927, 701 30 Örebro 
- Örebro Pappersbruk AB, Box 926, 701 30 Örebro 
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Frågor 

1) Hur många anställda hade företaget i olika arbetsställen i Sverige 1988, 
89, 90, 91, 92 och 93 (ange i vilka orter/kommuner arbetsställena ligger 
och hur många som var anställda vid respektive arbetsställe åren 1988 -
1993)? 

Antal anställda 
Arbetsställe/ort/korranun: 1988 1989 1990 1991 1992 1993 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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2a) Hur mycket (ton) och vad (blekt massa, tidningspapper, finpapper, 
LWC etc.) produceras vid respektive arbetsställe? 

Arbetsställe/ort/kommun : Produkt Ton 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2b) Var finns Era fyra största avsättningsmarknader (land/länder)? 
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3) Genomförde Ni produktionsinvesteringar (pappersmaskin, kokeri etc.) 
vid några av Era arbetsställen under perioden 1988 - 1993? Om så är 
fallet skulle vi vilja ha följande information om respektive investering (om 
antalet överstiger två kan övriga investeringar presenteras på separata 
papper). 

Investering 1: 

a) Var (i vilken kommun) ligger arbetsstället? 

b) När genomfördes investeringen? 

c) Vad gällde investeringen? 

d) Hur mycket uppgick investeringssumman till? 

e) I vilken utsträckning ökade produktionskapaciteten vid arbetsstället 
(från X till Y ton)? 

f) Hur påverkades sysselsättningen? (Anledningen till att vi frågar efter 
både hur många fler respektive färre arbetstillfällen det blev i samband 
med investeringen är att vid vissa tillfällen skärs en del av produktions 
kapaciteten bort samtidigt som ny kapacitet tillkommer. En gammal 
uttjänad pappersmaskin får exempelvis ge plats åt en ny.) 
Hur många arbetstillfällen kom till, försvann och hur stor blev 
nettoförändringen? Lades samtidigt någon del av produktionen vid det 
aktuella arbetsstället eller vid något annat arbetsställe ned och hur många 
arbetade där? 
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g) Varifrån (arbetsställe/kommun) rekryterades eventuell ny personal 
(antal från samma arbetsställe, andra arbetsställen inom koncernen och 
externt) och hur skiljer sig rekryteringen mellan olika personal kategorier 
- kollektivanställda, arbetsledare, SIF-medlemmar och CF-medlemmar? 

h) Hur skulle Ni formulera skälen till varför investeringen genomfördes? 

Investering 2: Samma frågor som ovan. 

4) Har det skett omfattande produktions- och sysselsättningsminskningar/-
nedläggningar vid andra arbetsställen (som inte har tagits upp i fråga 3) i 
Er affärsenhet eller i koncernen under perioden 1988 - 1993? Om så är 
fallet skulle vi vilja ha följande information om respektive arbetsställe (om 
antalet överstiger två kan övriga neddragningar presenteras på separata 
papper). 

Produktionsminskning/Nedläggning 1 

a) Var ligger arbetsstället (ort/kommun)? 

b) När genomfördes produktionsminskningen/nedläggningen? 

c) Vad hände med personalen? Fanns det möjlighet till nya anställningar 
vid andra arbetsställen inom koncernen? I vilken mån utnyttjades detta? 
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Produktionsminskning/Nedläggning 2: Samma frågor som ovan. 

5) Företagets namn är 

Uppgiftslämnaren heter 

och har telefonnummer 

TACK FÖR ER MEDVERKAN! 
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