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Abstract
This paper investigates the connection between the Swedish wage profile of net job
creation and Autor, Levy, and Murnane’s (2003) proposed substitutability between
routine tasks and technology. We first show that between 1975 and 2005, Sweden
exhibited a pattern of job polarization with expansions of the highest and lowest paid jobs
compared to middle-wage jobs. We then use cross-sectional and longitudinal analyses of
job-specific employment to map out the importance of routine versus nonroutine tasks for
these changes. Results are consistent with substitutability between routine tasks and
technology as an important explanation for the observed job polarization during the 1990s
and 2000s, but not during the 1970s and 1980s. In particular, the overrepresentation of
routine tasks in middle-wage jobs can potentially explain 44 percent of the growth of
low-wage jobs relative to middle-wage jobs after 1990 but largely lacks explanatory
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1. Introduction

Technological progress is commonly believed to increase labor demand for more-skilled
workers relative to less-skilled workers. Most notably, this notion of ‘skill-biased
technological change’ (SBTC) has long been a workhorse in the literature on changes in wage
dispersion and returns to skills (for overviews, see Katz and Autor, 1999; Acemoglu and
Autor, 2011). However, SBTC also has implications for the composition of jobs in an
economy. In the typical textbook model, technology-induced shifts in labor demand that push
the returns to skills above its long-run equilibrium will make it increasingly attractive for
individuals to acquire skills—along the lines of standard human capital theory—and thus also
produce a continuous increases in the supply of skills (see e.g. Atkinson, 2008). Since there
are increases in both the demand and supply of skills, ongoing SBTC is expected to yield a
monotonic growth in the number of more-skilled to less-skilled jobs.

Recently, however, U.S. and U.K. studies have documented a rising share of not only
the highest-paid jobs but also of the lowest-paid jobs (e.g. Goos and Manning, 2007; Autor,
Katz, and Kearney, 2008; Autor and Dorn, 2010). Presumed that wages can be thought of as a
single-index of worker skills, this pattern appears inconsistent with the implications of SBTC,
where higher-paid jobs should simply increase relative to lower-paid jobs. Instead, as first
demonstrated by Goos and Manning (2007), this pattern of ‘job polarization’—the
disproportionate growth of both the lowest- and highest-paid jobs—is more consistent with
Autor, Levy, and Murnane’s (2003) (ALM henceforth) proposed substitutability between routine
tasks and technology and the notion of ‘task biased technological change’.

ALM make an important distinction between labor performing routine and nonroutine
tasks and argue that the falling price of computer power should yield a drop in the relative
demand for labor performing routine tasks (e.g. bookkeepers, repetitive production work).
This follows from the observation that computer-driven technology can primarily replace
human labor in routine tasks—tasks that can be expressed by rules or step-by-step
procedures—but not (as yet) in nonroutine jobs. Goos and Manning (2007) in turn highlight
that this fits well with job polarization since routine tasks are most common in middle-wage
jobs. Top-paying jobs on the other hand consist of tasks that require nonroutine cognitive
skills (e.g. engineers, economists) which should be complementary to computers, and the
bottom of the wage distribution consists of jobs with a high degree of nonroutine manual
tasks (cleaners, waiters, janitors) which should, according to ALM, be neither complements

nor substitutes to computers. ALM’s hypothesis combined with the observed job polarization

1



thus implies a rise in the demand for low-wage workers relative to middle-wage workers and
thereby—compared to traditional SBTC—offers a more nuanced view of how technology,
and computers in particular, affects the demand for labor of different skills.

In light of these previous studies, the purpose of this paper is twofold. First, to
thoroughly document the wage profile of net job creation in Sweden between 1975 and 2005,
and second, to investigate if the observed job patterns are linked to the extent of routine
versus nonroutine tasks across the job distribution along the lines predicted by ALM’s task
biased technological change (TBTC henceforth) hypothesis. In doing so, we provide three
new innovations to the empirical literature on job polarization. First, we use a bootstrap
procedure to test if the observed pattern of net job creation is statistically significant. Tests of
statistical significance are not carried out in previous studies, and our results show that such
tests can substantially alter conclusions. Second, we invoke longitudinal data and study if
individual mobility across routine and nonroutine jobs is along the lines expected from TBTC.
Third, based on “back-of-the-envelope” calculations, we estimate the explanatory power of
the distribution of routine and nonroutine tasks for the observed relationship between wages
and net job creation.

Since most of the previous research on job polarization pertains to the U.S. and U.K.,
Sweden is also a particularly interesting country to study because in many regards it lies at the
opposite end of the institutional spectrum. In particular, Sweden has one of the world’s most
compressed wage structures, strong and influential unions, high levels of employment
protection, and generous unemployment benefits combined with a well-developed welfare
system (see e.g. Cahuc and Zylberberg, 2004; Bjorklund and Freeman, 2010). Several studies
have suggested that this could yield a different pattern of net job creation. Acemoglu (2001)
shows within a matching framework of the labor market that generous unemployment benefits
and high minimum wages—as can be found in Sweden—induce incentives that should shift
the composition of employment towards high-wage jobs. On the other hand, Acemoglu
(2003) suggests a model in which union-imposed wage compression encourages the adoption
of technologies that increase the productivity of less-skilled workers and thus induces positive
effects on labor demand for these groups. Acemoglu and Autor (2011) also discuss the
possibility that powerful unions could restrict or delay the substitution of machines for tasks
performed by labor. Hence, even though Sweden certainly could access the same technology
as the U.S. and U.K., the marked differences in institutional prerequisites need not imply job
polarization in Sweden, even if TBTC should be true for the U.S. and U.K.. However, finding

the same empirical relationships in Sweden as in the U.S. and U.K. would obviously
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strengthen the TBTC hypothesis, suggesting that the incentive to replace routine manual tasks
with technology could be strong enough to penetrate different institutional settings.

Previewing the main results, we find that net job creation in Sweden does indeed
display a clear pattern of job polarization over the full period 1975-2005. Dividing the
analysis into the two sub-periods 1975-1990 and 1990-2005 does however show much
stronger evidence for polarization in the later period. Our investigation of the relationship
between routine and nonroutine tasks across jobs and the observed changes in employment
also speaks against TBTC as an important explanation for the overall pattern of job creation in
Sweden during the 1970s and 1980s, but provides strong evidence for the hypothesis during
the 1990s and 2000s. After 1990, there are significant declines of routine jobs and expansions
of cognitive non-routine jobs both between and within industries. Using the longitudinal
dimension of our data, we also find a clear pattern of job mobility away from routine jobs
towards cognitive nonroutine jobs during the 1990s and 2000s. Finally, we use regression
estimates to show that the distribution of routine versus nonroutine jobs, and thereby TBTC
along the lines of ALM, can potentially explain 44 percent of the growth of low-wage jobs
relative to middle-wage jobs after 1990 but largely lacks explanatory power for earlier years.
Our mixed support for TBTC depending on the time period under study is broadly in line with
the U.S. study of Autor, Katz, and Kearney (2008) who report evidence of job polarization for
the 1990s but not the 1980s.

No previous study has made a formal statistical investigation of the connection between
job tasks and the wage profile of employment creation in Sweden. In fact, most previous
research, regardless of country, has primarily drawn conclusions based on visual inspections
of distributions of routine and nonroutine tasks across the wage ranking of jobs. Important
exceptions are Goos, Manning, and Salomons (2009, 2010) who rely on a regression
framework to investigate the cross-sectional connection between tasks and employment
changes in Western Europe. Our corresponding estimates corroborate their findings of a
negative effect of routine tasks and a positive effect of cognitive nonroutine tasks on job-
specific employment.

Some previous studies have, to some extent, aimed at documenting the wage-quality of
net job creation in Sweden. Fernandez-Macias and Hurley (2008) use the European Union
Labour Force Survey (ELFS) and report a pattern of skill upgrading in Sweden since the mid
1990s. However, based on the same data source, Goos, Manning and Salomons (2009) instead

report evidence of job polarization in Sweden over this period. A possible explanation for the



contradicting results is differences in data processing.” Aberg (2004) uses Swedish data and
finds a pattern of skill upgrading between 1977 and 2001. His applied sample is however
small—the sample we use is more than twenty times larger—and we believe this to be the
main explanation for the difference between his and our results.

The rest of this paper proceeds as follows. Section 2 discusses the data and the empirical
methodology. Section 3 presents the wage profile of net job creation between 1975 and 2005
and its connection to routine versus nonroutine tasks. The paper ends with concluding

remarks.

2. Data and methodology

The primary data for this paper comes from the Swedish longitudinal micro-database LINDA.
Beginning in 1968, for each year it contains a representative sample of 3.3 percent of the
Swedish population (see Edin and Fredriksson, 1998, for details). We use data for three years:
1975, 1990, and 2005. Unlike for most other years, these three waves of LINDA contain
detailed data on individuals’ occupations, labor income, and hours worked. It is also possible
to translate occupational classifications across these three years; see the appendix for details.

LINDA is made up of different registers and surveys. For the years 1975 and 1990, we
primarily use information collected from the Swedish Population and Housing Census (“Folk-
och bostadsrdkningen”, FoB). For the year 2005, we primarily use information collected by
Statistics Sweden through individuals’ employers in the Linda Wage Survey. Individuals and
employers are obligated by law to respond in their respective surveys. As a consequence,
response rates are above 97 percent. An attractive feature of LINDA is its longitudinal
dimension where, because of the link to registers and the very high response rates in the
surveys, outflow occurs primarily because of death or migration from Sweden.

Our approach to investigate net job creation in high-, middle-, and low-wage jobs builds
on a methodology first proposed by Joseph Stieglitz while in the Clinton administration and
later refined and extended by Wright and Dwyer (2003) and Goos and Manning (2007). In a
first step, we define a job as a particular occupation in a particular industry. We use three-

digit SSYK coding for occupation and two-letter SNI 2002 coding for industry. This gives an

? The aim of these two studies is to provide broad overviews of occupational changes in a large set of European
countries since the mid 1990s and this requires the data to be harmonized across countries. This harmonization
differs across Ferndndez-Macias and Hurley (2008) and Goos, Manning and Salomons (2009). Their results for
the rest of the investigated countries do also, to some extent, differ, with much stronger support for polarization
across Europe in Goos, Manning and Salomons (2009).
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industry/occupation matrix with 3,503 job cells. Individuals are placed in cells and weighted
by their regular working time so that each cell contains the number of full time workers with a
particular job. Since many cells are empty or have very few people in them, we are left with
1,377 jobs for our analysis. These jobs contain nearly all individuals. The appendix contains a
detailed description of the data and our processing.

In the next step, we rank jobs according to their median wage in the first year, 1975, and
group them into quintiles based on their median wage and cell size in that year. That is, we
group jobs into the lowest paid 20 percent (quintile 1), the second lowest paid 20 percent, up
to the top 20 percent based on their median wage and cell size in 1975. To study net job
creation in different parts of the wage distribution for jobs between 1975 and 2005, we
compute changes in the number of jobs—individuals in a particular occupation in a particular
industry—in each of the 1975 quintiles. In other words, the numbers of individuals in 1975
that have jobs that are in the lowest paid quintile are compared to the number of individuals in
the same jobs in 2005. This gives net job creation of the lowest paying jobs. For instance,
assume that 50,000 individuals (in full-time equivalents) are employed in the jobs that in 1975
were classified into the lowest paid quintile whereas in 2005 the same jobs hold 100,000
individuals (in full-time equivalents); this means that there has been a net job creation of the
lowest paid jobs by 50,000 units. The same is done for jobs in each of the 1975 quintiles.

For this empirical methodology to be valid the wage ranking of jobs must be stable over
time; relatively low-wage jobs in 1975 should also be relatively low-wage jobs in 2005.
Between 1975 and 2005, the rank correlation for all jobs in our analysis is above 0.8, and
assigning jobs to quintiles based on wages and employment in 2005 instead of in 1975 does
not change any main results in our analysis (available on request). We therefore argue that the
wage ranking is indeed sufficiently stable for our purposes.

In the data, some jobs disappear while new ones pop up in later years. Most such jobs
have very few individuals in them and the great majority is due to statistical changes in how
occupations are classified over time. In our main analysis, we only include those jobs that are

present in 1975.°

’ We have performed several sensitivity analyses related to this. First, we have assigned jobs into quintiles based
on their wage and employment in 2005 and then only included jobs that are present in 2005 (the opposite to our
main approach). Second, we have only included jobs present in both 1975 and 2005. Third, we have as far as
possible recoded (admittedly ad hoc) jobs that are new in 2005 into the 1975 classification. None of these
approaches change our conclusions (results are available on request). In practice therefore, new and disappearing
jobs do not seem to be a significant problem for our analysis.



We primarily focus on quintiles rather than, say, percentiles because of the significant
changes in the statistical classifications of jobs over time; see the appendix. The measurement
errors associated with these statistical reclassifications should be less of a problem within
quintiles since the errors are likely to sum to zero, or at least more likely to sum to zero than
within more fine grained divisions of the wage ranking. We do however rely on changes
within percentiles in some parts of our analysis; the potential influence of measurement errors
should be kept in mind when viewing these results.

To translate changes in our sample into aggregate changes for the whole of Sweden, we
use information on aggregate employment from Statistics Sweden. For each year, we first
convert aggregate employment into full-time equivalents based on the distribution of hours
worked in our LINDA sample. The number of individuals in our year-specific samples is
thereafter rescaled to equal the aggregate number of full-time jobs in the economy for the
same year. These rescaled samples are then used to calculate aggregate employment changes
across quintiles.

To investigate the connection between routine and nonroutine tasks and changes in
employment—in light of the TBTC hypothesis—we use the three task measures developed
and kindly provided to us by Goos, Manning, and Salomons (2009, 2010) of how intense
occupations are in tasks labeled as abstract, routine and service. The three task measures are
constructed from 96 variables in the December 2006 version of the US Occupational
Information Network (O*NET) database through the use of principal component techniques.
O*NET provides data on worker characteristics, worker requirements and general work
activities for 812 U.S. occupations, information that in turn comes from job incumbents,
occupational analysts and occupational experts. A detailed explanation on the development of
these measures can be found in Goos, Manning, and Salomons (2010).

The link between computers and the three task measures are as follows. Routine tasks
are intense in both cognitive and noncognitive routine skills and computers can perform these
with relative ease, such as jobs that require the input of repetitive physical strength or
motions, as well as jobs that require repetitive and non-complex cognitive skills. Abstract and
Service tasks are both in the nonroutine dimension, but their skill content differs. Abstract
tasks, such as “complex problem solving”, are intense in nonroutine cognitive skills and are
expected to be complementary to computers. Service task, such as “caring for others”, are
intense in nonroutine noncognitive skills and should not be directly affected by

computerization. While abstract tasks are nonroutine tasks mainly carried out by highly



educated workers (engineers and medical doctors), service tasks are non-routine tasks that
workers with different levels of education may perform (medical doctors and hairdressers).

Examples of O*NET variables used as measures of routine tasks are the importance of
“arm-hand steadiness”, “manual dexterity”, “operation monitoring”, and ‘“estimating the
quantifiable characteristics of products, events or information”. Examples of abstract task
measures are ‘‘critical thinking”, “judgment and decision making”, “interacting with
computers”, and “thinking creatively”. Examples of service task measures are “social
perceptiveness”, “service orientation”, “selling”, and “performing for or working directly with
the public”.

Typical occupation groups with scores above average in abstract but below average in
the other two measures include “Physicists, chemists and related professionals” and
“Architects, engineers and related professionals”. Occupation groups with scores above
average only in routine include “Machine operators and assemblers” and “Labourers in
mining, construction, manufacturing and transport”. Occupation groups with scores above
average only in service include “Personal and protective services workers” (e.g. police
officers and cooks) and “Models, salespersons and demonstrators”. Several occupation groups
have above average scores on at least two of the task measures, including “Machinery
mechanics and fitters” (abstract and routine), “Teaching professionals” (abstract and

service), and “Drivers and mobile plant operators” (routine and service, e.g. taxi drivers).

3. Results

3.1 Initial wages and net job creation

Figure 1 shows net job creation in the five wage quintiles. There is a clear pattern of
polarization with most of the employment growth occurring in the highest and lowest paid
jobs. Figures 2 and 3 further divide the changes into before and after 1990—the midyear in
our sample. Both periods display polarization in the sense that employment in the middle
quintile declines relative to jobs in the highest and lowest quintiles. On the aggregate level,
the displayed changes fit well with previous knowledge about employment in Sweden, with a
steady growth of the employment to population ratio up until 1990, a sharp decline in
connection with the severe economic crisis of the early 1990s followed by a rebound in the

late 1990s but without reaching the pre-crisis level (e.g. Holmlund, 2006).

* Task scores for all occupations in our data are available on request.
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Figure 1: Change in employment by wage quintiles, 1975-2005.
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Figure 2: Change in employment by wage quintiles, 1975-1990.
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Figure 3: Change in employment by wage quintiles, 1990-2005.
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To clarify the extent of job polarization implied by Figures 1-3, the upper part of Table
1 displays the percentage changes in the ratio of employment in the first job quintile relative

to the third quintile, and in the fifth quintile relative to the third quintile. That is, percentage
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changes in (E*'/E*) and (E*/E?"), where E? denotes employment in the first quintile,
and so forth. As can be seen, between 1975 and 2005, jobs in the lowest quintile expanded by
45 percent relative to jobs in the middle quintile, with roughly equal contributions before and
after 1990. The highest quintile expanded by 64 percent relative to the middle quintile over

the same period, with most of the increase occurring after 1990.

Table 1: Economical and statistical significance of job polarization

1975-2005 1975-1990 19902005
Quintiles

%A(E" | ET) 45.34 20.25 20.87
Bootstrapped 95% CI [67.50, 10.62] [33.05, -13.86] [47.47,9.55]
Bootstrapped 90% CI [63.11, 14.31] [31.04, -11.87] [43.80, 11.30]
%A(E” | ET) 64.22 10.07 49.19
Bootstrapped 95% CI [87.90, 37.50] [20.41, 0.74] [64.60, 29.47]
Bootstrapped 90% CI [83.65, 40.92] [18.83,2.10] [61.35,32.33]
Tertiles

%A(E" | E?) 26.01 6.62 18.18
Bootstrapped 95% CI [40.83, 13.25] [16.23, 0.13] [27.37, 8.95]
Bootstrapped 90% CI [37.68, 14.71] [13.80, 1.20] [25.10, 10.20]
%A(E™ | E™) 54.03 12.02 37.50
Bootstrapped 95% CI [65.02, 35.54] [18.35, 2.88] [45.07, 26.63]
Bootstrapped 90% CI [62.24, 37.59] [16.93, 4.08] [43.21,27.98]

Note: E?' denotes employment in the first job quintile and E”' denotes employment in the first job tertile; see the
text for details.

Previous studies in the literature on job polarization have relied on graphical analyses
along the lines of Figures 1-3 without recognizing the statistical uncertainty associated with
the estimated job pattern. In this study, we measure this uncertainty by applying a bootstrap
procedure to the estimates in Table 1 (see e.g. Efron and Tibshirani, 1993). In the bootstrap,

for each of the 1975, 1990, and 2005 samples we randomly draw n, individuals with
replacement, where n, is equal to the sample size in each year ¢. For the 1975 bootstrap

sample, we calculate median wages in each job and divide jobs into quintiles based on these
median wages combined with the number of full time equivalent workers in each job.
Changes in the number of full time jobs in each quintile is then calculated based on the

bootstrap samples for each year and are used to obtain the implied percentage change in
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(E*"/E®*) and in (E* / E”).> This procedure is repeated 10,000 times and we accordingly

get 10,000 estimates of percentage changes. The bootstrap hence takes account of the
uncertainty associated with estimated median wages and the number of full time workers in
each job in 1975, and thereby the thresholds used to divide jobs into quintiles, as well as the
uncertainty associated with the employment changes in each quintile over time.

The values corresponding to the 2.5th and 97.5th percentiles as well as the 5th and 95th
percentiles in our distributions of bootstrap estimates are shown in Table 1, thus giving 95
percent and 90 percent confidence intervals. While all estimates for the periods 1975-2005

and 1990-2005 are statistically significantly different from zero, the null of a zero percentage
change in (E'/E?)between 1975 and 1990 cannot be rejected. The main explanation for

this is the concentration of growing jobs located just below the estimated threshold for the
first quintile. When we recognize the statistical uncertainty associated with this threshold by
allowing its estimate to vary over bootstrap replications, these jobs are often categorized into
the second quintile, leading to lower or even negative net growth in the first quintile. Thus,
the statement above of an expansion of jobs in the lowest quintile relative to the middle

quintile between 1975 and 1990 is associated with a great deal of statistical uncertainty.
The statistically insignificant change in (E“'/E?)prior to 1990 does not mean that

there is a complete lack of statistical evidence for polarization during this period. Dividing the
job ranking into tertiles (thirds) instead and using percentage changes in the first tertile (¢7)
relative to the second tertile, and in the third relative to the second tertile gives statistically
significant estimates across the board; see the lower half of Table 1. Based on tertiles, the
calculated changes still show an economically significant pattern of job polarization over the
full period 1975-2005 and in the sub-period 1990-2005. However, although statistically
significant, the expansion of the lowest-paying jobs (first tertile) relative to middle-paying
jobs between 1975 and 1990 is now lower than seven percent.

A salient feature of the Swedish labor market is the high share and marked changes of
public sector employment over time; there was a marked increase from 30 percent to over 40
percent of total employment during the 1970s followed by a decline to 35 percent during the
1990s. To investigate how this fits into the overall changes in the structure of employment,
Figures 4 and 5 depict the patterns in the public and private sectors separately for the periods

1975-1990 and 1990-2005, respectively. For the 1990s and 2000s, both sectors display a

> To be consistent with the construction of our original working sample, in each bootstrap and for all years we
drop those jobs that are not present in the 1975 sample.
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pattern that resembles the overall pattern during this period. Bootstrapped confidence
intervals along the lines of those in Table 1 further confirm a statistically significant pattern of
job polarization in both the public and private sectors (results are not shown but are available
on request). For the earlier period, 1975-1990, the patterns are markedly different across the
two sectors though. The private sector displays much smaller changes and a pattern of skill
upgrading with increases in higher paying jobs at the expense of lower paying jobs, and this
skill upgrading is also statistically significant. The expansion of employment in the public
sector does on the other hand appear to be largely driven by low-paying jobs. A caveat with
Figure 4 and the public sector, however, is the lack of any, based on bootstrapped confidence
intervals, statistically significant changes (the expansion of low-paying jobs relative to

middle-paying jobs borderlines significance at the 0.10-level).

Figure 4: Change in employment by sector, 1975-1990
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Figure 5: Change in employment by sector, 1990-2005
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Before we proceed to investigate the connection between changes in employment and
the task contents of jobs, it is informative to see if the overall patterns of net job creation in
Sweden are broadly consistent with an explanation that stresses changes in relative labor
demand, as in the TBTC hypothesis, or if they are more in accord with stories that stress
(exogenous) changes in labor supply. We follow Autor, Katz and Kearney (2008) and
recognize that wages and employment across the job ranking are expected to covary
positively (prices and quantities should change in the same direction) if changes in
employment are indeed primarily driven by labor demand shifts, ceteris paribus. Like these

authors, we estimate OLS regressions of the form

(1) AME =a,+ AW + &,

where AInW?” denotes the change in the average job-specific log median wage within

percentile p during period ¢ (1975-1990 and 1990-2005). Probably because of the statistical

reclassification of some jobs over time (as was discussed in Section 2), the distributions of

AlnW? and AlnE! contain some extreme values at their tails. Following the strategy

employed by Autor, Katz and Kearney (2008)—who report similar problems with outliers—

we base our estimations on data for the 4th through 97th percentiles of the AInW?” and
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Aln E? distributions (thus trimming outliers at the tails). We estimate f,, ,, =0.53 (¢-value:
0.97) for the period 1975-1990, and S, s =1.76 (z-value: 2.17) for the period 1990-2005.

Positive changes in employment after 1990 are thus mirrored by positive changes in wages,

whereas we are unable to reject a zero correlation for the earlier years. Our estimate of £, ,

is one sixth of the (positive) value obtained by Autor, Katz, and Kearney (2008) for the U.S.

in the 1980s, and our estimate of /£, ., is half of their U.S. estimate for the 1990s. Our point

estimate for 1990-2005 is, however, larger than the corresponding estimate for the former
West Germany in Dustmann, Ludsteck and Schonberg (2009), whereas the point estimate for
the earlier period is of similar magnitude. As a sensitivity analysis, we have also used data for
the 10th through 91st percentiles in the employment and wage distributions. We then estimate
Bos.o0 =—1.59 (t-value: 1.94) and f, s = 2.18 (-value: 2.86); hence, trimming the tails further

yields different result for the period 1975-90 but strengthens those for the period 1990-2005.
Given the strong evidence for job polarization between 1990 and 2005, these estimates are
consistent with a story that stresses relative demand shifts in favor of low-wage and high-
wage workers relative to middle-wage workers during this period.® This is however not the

case for the earlier period.

3.2 The importance of routine versus nonroutine tasks

Is there any connection between the patterns of net job creation and the extent of routine and
nonroutine tasks across the job distribution, and does it fit the predictions of TBTC? As a first
overview, Figure 6 displays the share of workers in each wage quintile in 1975 that are in an
occupation with a task score on abstract, routine and service above the overall mean. As can
be seen, abstract tasks are more important in the highest paid jobs and service tasks are most
important at the very highest and lowest paid jobs, whereas routine tasks are least important

in the tails of the distribution. This mirrors previous documentations for the U.S. and U.K.

% Note, however, that the estimates do not automatically translate into decreased wage differentials in the lower
half of the wage distributions or increased differentials in the upper half since one also needs to take into account
the changing composition of jobs as well as changes in wage dispersion within jobs (see Goos and Manning,
2007). In fact, although the Swedish 90/50-quotient did indeed increase during the 1990s, the 50/10-quotinent
also increased during the same period, albeit less so (Gustavsson, 2006; Domeij, 2008). According to the results
in Nordstrom-Skans, Edin and Holmlund (2009), the rise in the Swedish 50/10-quotinent is consistent with
increased wage dispersion within jobs.
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Figure 6: Incidence of abstract, routine, and service tasks across wage quintiles
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Note: The figures display the share of workers in each job/wage quintile that are in an occupation with a task
score above the overall mean. The underlying task scores are from Goos, Manning, and Salomons (2009)

Based on simple “eye-ball econometrics”, the distributions of job tasks in Figure 6
combined with our documentation of job patterns in the previous sub-section speaks against
TBTC along the line of ALM as an important factor between 1975 and 1990. During this
period, the private sector displays a clear pattern of skill upgrading, with monotone increases
in higher paying jobs at the expense of lower paying jobs; see Figure 4. Hence, combined
with Figure 6, this indicates that low-paid service jobs, rather than middle-paid routine job as
predicted by ALM, experienced the weakest job growth in the private sector prior to 1990.

We have also redone the analysis in Figure 6 using the five related routine and
nonroutine task measures developed by Autor, Levy and Murnane (2003).” These are derived
from much less information than those of Goos, Manning, and Salomons (2009) but make it
possible to investigate potential changes in jobs tasks over time since there are two versions of
each measure, one created from information about job tasks in 1977 and one based on
information from 1991. These alternative measures do not change any conclusions related to

the distribution of routine versus nonroutine tasks and they do not generally indicate marked

" These data were kindly provided by David Autor on http://econ-www.mit.edu/faculty/dautor.
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changes in the extent of routine versus nonroutine content of jobs over time (results are
available on request).

As a more stringent analysis of the connection between changes in employment and job
tasks, we next regress changes in job-specific employment on the three task measures. Since
we have a lot of small jobs where measurement errors are expected to be large, we only
include jobs with at least ten employees in all three years 1975, 1990 and 2005; including all
jobs in the regression analysis gives similar point estimates but substantially larger standard
errors. Though we lose a lot of jobs by this restriction, we still retain 95 percent of all
individuals in 1975 (93 percent in 1990, and 92 percent in 2005).

The first five columns of Table 2 contain results for the period 1990-2005. The
explanatory variables in the first column are the three task-measures in the form of dummy
variables that equal unity for occupations with scores above the overall mean. The estimates
corroborate the impression from Figures 3 and 6 and are broadly consistent with the
routinization hypothesis; there is a statistically significant expansion of jobs intense in
abstract tasks, a statistically significant decline in jobs intense in routine tasks, and no
statistically significant change for jobs intense in service tasks.

However, a serious investigation of how job tasks covary with changes in
employment—related to the TBTC hypothesis—should try to control for changes in
employment that stem from changes in product demand. That is, jobs that are intense in
routine tasks may have declined in employment simply because these jobs are concentrated in
industries with falling product demand and not necessarily because of organizational changes.
To try to control for this, in the second column we add dummy variables for the 31 industries
used to define a job (two letter level SNI). The results show a statistically significant positive
effect of abstract and a statistically significant negative effect of routine also within
industries. Hence, industry-specific changes in employment are not behind the decline of
routine jobs in Sweden after 1990.

The third column of Table 3 further adds the mean number of years of schooling
(education) in each job in 1975 as a regressor. As argued by Goos, Manning and Salomons
(2009, 2010), this variable allows for the predictions from the traditional SBTC hypothesis
where employment should simply increase for jobs that require more education (more skills)
relative to jobs that demand less education (less skills). As can be seen, education is not
statistically significant and does not change any conclusions whereas abstract is still

significantly positive (at the 0.10 level) and routine is still significantly negative.
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In the U.S., it has been argued that the decline of routine jobs in the middle of the wage
distribution could be due to increased offshoring of jobs, that is, the migration of employment
from the home country to other (mostly poorer) countries, rather than due to substitution
between labor and computers along the lines of ALM (see e.g. the discussion in Acemoglu
and Autor, 2011). There is a lack of data on the number of jobs actually offshored for most
countries, but recent attempts to classify the offshorability of jobs— the ability to perform the
work duties from abroad—by Blinder (2009) and Blinder and Krueger (2010) actually suggest
that there is no correlation between the extent of routine tasks in a job and its offshorability.
For instance, Blinder and Krueger (2010, p.38) conclude that “routine work is no more likely
to be offshorable than other work™.

To see if the offshorability of jobs could still potentially change any of our conclusions
for the period 1990-2005, we use Blinder’s (2009) classification of a job’s offshorability,
which in turn is based on information in the U.S. O*NET database. Blinder (2009) categorizes
jobs into one of four levels of offshorability: 1) Highly offshorable (a person in this job does
not have to be physically close to a work unit, e.g. computer programmers and telemarketers);
2) Offshorable (the whole work unit could be moved abroad, e.g. most factory workers); 3)
Non-offshorable (whole work unit must be in home-country, e.g. sales managers), 4) Highly
non-offshorable (e.g. child-care workers and farmers). The reader is referred to Blinder’s
study for more information on the criteria underlying this classification.

In the fourth column of Table 3 we include, for the period 1990-2005, a dummy
variable for jobs that are judged to be highly offshorable. This variable is negative and
statistically significant, but its inclusion does not change the results for the other variables. A
dummy for all jobs that are offshorable (which includes highly offshorable jobs) is
insignificant, and other estimates are unchanged. Based on this, combined with previous
studies in the literature, we find it unlikely that offshoring can explain the polarization of the
Swedish labor market between 1990 and 2005. Overall, our set of regressions for the period
19902005 are broadly in line with the results for Western Europe in Goos, Manning, and
Salomons (2009, 2010).

We next present regression results for the period 1975-1990. The last three columns of
Table 3 present specifications with, first, the three task measures as the only regressors, then
with industry dummies added, and finally also with the inclusion of average educational
attainment in 1975. As expected, the evidence for routinization is weaker compared to the
period 1990-2005, although not absent. The estimates for abstract and routine are statistically

significant and with the correct sign in the first two regressions, whereas only routine is
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statistically significant (at the 0.10 level) once education is controlled for. The share of the
total variation explained by the three task measures is lower for this period; the R* with only
the three task dummies is less than half of that for 1990-2005 and the partial R? for these
three task measures when industry dummies are included is also three times smaller for the
period 1975-1990, with a value of 0.06 for 1990-2005 versus 0.02 for 1975-1990.°

We have also included the variables offshorable and highly offshorable for the period
1975-1990 (not shown). Their estimates are positive and statistically significant, without
affecting the estimates for the other variables. A possible explanation for the positive
estimates is the fact that Blinder’s (2009) measures are created with modern information
technology in mind, and thus may be a bad proxy for the offshorability of jobs prior to the
1990s.

Table 2: OLS regressions; log change in job-specific employment

1990-2005 1975-1990
O @0 6 & _ 6. ©__ 0 ®
Abstract 0.282 0.221 0.154 0.158 0.143 0.158 0.137 0.083

(0.067)  (0.061)  (0.086)  (0.084)  (0.087) (0.070) (0.065) (0.100)

* * *

Routine -0.3097"  -0.270""  -0.247""  -0.285"" -0.237" -0.2817"  -0.172" -0.154"
(0.084)  (0.080)  (0.081)  (0.082)  (0.081) (0.091)  (0.087) (0.086)

Service 0.012 <0.017  -0.030  -0.053  -0.023 -0.044 -0.061  -0.072
(0.084)  (0.080)  (0.080)  (0.080)  (0.079) (0.090)  (0.081)  (0.082)
Education 0.028 0.038 0.028 0.022
(0.025)  (0.025)  (0.025) (0.031)
Highly offshorable -0.266"
(0.123)
Offshorable 0.093
(0.063)
Industry X X X X X X
Observations 478 478 478 478 478 478 478 478
R’ 0.086 0.260 0.262 0.269 0.265 0.041 0.237  0.238

Note: Dependent variable is log change in job-specific employment. Robust standard errors are in parentheses.
Regressors are dummy variables equal to one if the skill measure for a job is above the mean. Education is mean
education in a job in 1975.

sk

"p<0.10,” p<0.05 " p<0.01

The longitudinal dimension of our data also allows us to investigate if individual job
mobility is in the direction away from routine jobs. To do this, we re-estimate the regression
in Table 3 but only base the calculation of the dependent variable on those individuals that

held a job in both the start and end of the investigated periods. Changes in job-specific

¥ This is the same kind of partial R? used in Acemoglu and Autor (2010). A formula and explanation can be
found in Kennedy (1998).
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employment—the dependent variable—can hence only be driven by differences in the extent
of job mobility to and from different kinds of jobs, and not by entries and exits from the labor
market/employment. That is, changes in the composition of the labor force will not affect the
estimates, like for instance the large inflow of immigrants into Sweden during the studied
period and the large expansion of female labor force participation during the 1970s and 1980s.

As can be seen, the longitudinal estimates for the period 1990-2005 are similar to those
for the cross-sectional estimates in Table 2 and imply statistically significant individual job
mobility away from jobs with routine tasks toward jobs with abstract tasks, even when
mobility between industries are accounted for. This constitutes additional evidence in favor of
TBTC along the lines of ALM as an important explanation for the 1990s and 2000s. This
conclusion, however, does not carry over to the estimates for 1975-1990. In particular, the
estimate for routine is not statistically significant when we control for industry-specific
effects. We are hence not able to reject the hypothesis that the expansion of certain industries,
rather than organizational changes within industries, can account for mobility away from

routine jobs during this period.

Table 3: OLS regressions; longitudinal changes in job-specific employment

1990-2005 1975-1990
(1)*** (2) EX3 (3) EX3 (4) EX3 (5) EX3 (6) EX3 (7) EX3 (8) EJ
Abstract 0.226 0.157 0.196 0.212 0.198 0.1807  0.1447 0.168
(0.070)  (0.067)  (0.093)  (0.091)  (0.094) (0.070)  (0.067) (0.100)
Routine 02177 0218 -0.232"" 02857 -0.234" -0.147°  -0.068  -0.077
(0.082)  (0.082)  (0.085)  (0.087)  (0.086) (0.089)  (0.090) (0.093)
Service 0.077 0.031 0.037 0.010 0.035 -0.019  -0.046  -0.042
(0.082)  (0.080)  (0.081)  (0.081)  (0.081) (0.088)  (0.082) (0.083)
Education -0.017 -0.007 -0.017 -0.010
(0.026)  (0.026)  (0.026) (0.030)
Highly offshorable -0.359™
(0.120)
Offshorable -0.016
(0.068)
Industry X X X X X X
Observations 478 478 478 478 478 478 478 478
R? 0.057 0.192 0.193 0.206 0.193 0.023  0.177  0.177

Note: Dependent variable is log change in job-specific employment for individuals with employment in both
1975 and 1990, and in both 1990 and 2005. Robust standard errors are in parentheses. Regressors are dummy
variables equal to one if the skill measure for a job is above the mean. Education is mean education in a job in
1975.

"p<0.10," p<0.05, " p<0.01
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Given the results in Tables 2 and 3, a relevant question is how much of the observed job
polarization between 1990 and 2005 that can potentially be explained by TBTC along the
lines of ALM. To investigate this, we use the estimates in Table 2 to calculate the degree of
polarization that would remain if all jobs had the same extent of routine and non-routine tasks.
That is, how much of the polarization will remain if we assume that all jobs have zeros on the
dummy variables abstract, routine, and service? These are obviously back-of-the-envelope
calculations since they discard any kind of general equilibrium effects and are based on rather
explorative estimates. But we still believe that they, at the very least, should be able to give an
idea of the importance of routinization.

As our measures of polarization, we use the percentage change in the ratio of
employment in the first quintile relative to the third quintile, (E?'/E?), and in the fifth
quintile relative to the third quintile—the same measures that were discussed in connection
with Table 1. To calculate the counterfactual extent of polarization that would remain if all
jobs had the same extent of routine and non-routine tasks, we first convert the estimates in
Table 2 for abstract and routine into the implied percentage effects (the anti-log of the
estimate minus unity); we do not use the estimate for service since it is statistically

insignificant. Denote these percentage effects for abstract and routine by y, and y ,

respectively. To obtain a counterfactual value for employment in the first quintile in 2005,

denoted E7

7, we subtract the change in employment since 1990 associated with the extent of

routine and abstract tasks in the first quintile from the actual value of E , using the formula

(2) Ef = E — E&(y, - routine” +y, - abstract™) ,

where routine?" is the mean value of routine in the first quintile, i.e. the share of employment
in the first quintile with the dummy variable routine equal to unity. That is, in equation (2),
the positive change in employment between 1990 and 2005 associated with abstract tasks in
the first quintile is removed, as is the negative effect associated with routine tasks. What is
left is the level of employment in the first quintile in 2005 that would exist if all jobs had the
same task content (as measured by the dummy variables abstract and service). The
corresponding calculation is done for the other quintiles. To obtain a counterfactual value of

polarization between 1990 and 2005, we then use the resulting values of E? and EZ in the

calculation of percentage changes in the ratio of employment in the first job quintile relative
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to the third quintile, calculated as [(E{} / E&)—(ESL | ESH]/(ES 1 ES), and so forth for the
earlier period and for changes in employment in the fifth relative to the third quintile.
Between 1990 and 2005, the actual increase of employment in the fifth relative to the
third quintile was 49 percent, i.e. (E”°/ E*’) increased by 49 percent. Based on the estimates
for abstract and routine in the specification with only the three task dummies in the first

column of Table 2 and the formula in equation (2), the counterfactual increase in (E*° / E?)
is 5.3 percent. That is, when we replace the actual values of EX and EZ by their

counterfactual values £ and EZ that are cleansed of the impact of job tasks, we observe a
much smaller growth of the fifth relative to the third quintile. In fact, the obtained number
implies that the distribution of tasks can potentially account for 89 percent (1-5.3/49) of the
actual percentage increase in (E?° / E*’) ; see Table 4. When we instead use the estimates for
abstract and routine from the specification with industry-specific effects in the second
column of Table 2, we get a counterfactual increase in (E*/E?) of 21.5 percent. This

means that the share of the actual increase explained by job tasks decreases to 56 percent (1-

21.5/49) once we take industry effects into account. For the period 1975-1990, we obtain

negative counterfactual percentage changes in (E?°/E?’), so tasks can potentially account
for all of the—moderate—actual increase in (E?° / E”*) between 1975 and 1990.

We next turn to the explanatory power of tasks for changes in (E? /E?), which we

view as the most interesting exercise since the stand-out prediction of the TBTC hypothesis—
compared to that of traditional SBTC—is the expansion of the lowest-paid jobs relative to
middle-paid jobs. Based on the specification with only the three task dummies in the first

column of Table 3, for the period 1990-2005 we find, using the same methodology as above,
that the distribution of tasks can account for 36 percent of the actual increase in (E?' /E®).

Using estimates from the specification with industry-specific effects in the second column
raises the share explained further, to 44 percent. For the period 1975-1990, the specification

with only the three tasks measures can potentially account for 35 percent of the (statistically
insignificant) actual increase in (E? /E?). Taking industry effects into account does

however markedly lower the explanatory power to 14 percent for the period 1975-1990.
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Table 4: Share of relative employment change explained by task content

A(E™ | E) A(E” | ET)
90-05 75-90 90-05 75-90
Actual change (%) 21 20 49 10
Share of change explained (%)
Without industry dummies 36 35 89 100
With industry dummies 44 14 56 100

Note: The share of change explained is calculated based on regression estimates in Table 2; see the text for
details.

4. Concluding remarks

This paper documents a pattern of job polarization in Sweden between 1975 and 2005 with
increased employment shares of the highest and lowest paid jobs. Unlike the polarization after
1990, the pattern of net job creation between 1975 and 1990 is however associated with a
great deal of statistical uncertainty. We are also unable to find consistent evidence in favor of
TBTC as a major explanation for the pattern of net-job creation prior to 1990. Investigations
of changes after 1990 are on the other hand fully consistent with the TBTC hypothesis. In line
with a demand-side explanation, there is a statistically significant positive correlation between
changes in employment and wages across the job distribution after 1990. Regression estimates
for the same period indicate increased employment in jobs that require cognitive nonroutine
skills and decreased employment in jobs that primarily require routine skills, and an analysis
based on longitudinal data displays the same pattern for individual job mobility. In total, our
analysis combined with back-of-the-envelope calculations suggests that the distribution of
routine and nonroutine tasks across the job distribution can account for 44 percent of the
observed rise in low-wage relative to middle-wage employment after 1990 but largely lacks
explanatory power in earlier years.

Our findings for Sweden add to the notion of TBTC along the lines of ALM as a real
phenomenon across a wide range of countries during the 1990s and 2000s. In particular, while
most of the previous evidence for job polarization applies to the U.S. and U.K., our evidence,
combined with the overview of job patterns across Europe in Goos, Manning and Salomons
(2009), suggest that the TBTC hypothesis is consistent with the pattern of net job creation
across countries with markedly different institutional settings.

Our lack of consistent support for the TBTC hypothesis during the period 1975-1990
fits well with Autor, Katz and Kearney’s (2009) result for the U.S., where a pattern of job
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polarization is found for the 1990s but not for the 1980s. These common results point toward
the 1990s as the decade when computerization of the workplace may have started to have a
significant bearing on employment in routine jobs. Not much is however known about such
organizational changes or their exact timing, so this is clearly an area that warrants more

research.
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Appendix

Data sources and sample
We use three years of LINDA data: 1975, 1990 and 2005. For the 1975 and 1990 samples,
information on occupation, industry and sector as well as hours worked comes from the
Population and Housing Censuses (FoB). For the 2005 samples, we use information from the
LINDA Wage Survey. The classification schemes for occupation and industry have changed
several times in Sweden, so in order to study changes in jobs we need to translate the older
schemes into those used in our 2005 data. The detailed procedures for this are described
below.

We keep all persons of ages 18-64 and drop those with missing values on occupation,

industry, sector or work hours. The sample sizes are shown in Table A1l.

Table Al: Sample sizes

1975 1990 2005
Initial sample 220,795 240,689 132,806
Ages 18-64 165,279 174,493 132,720
Non-missing occupation, industry, sector and work hours, ages 18-64 123,080 124,120 117,535

We define a job as a unique combination of an occupation and an industry. We use
three-digit SSYK coding for occupation (described in detail below), resulting in 113
categories, and for industry we use two-letter SNI 2002 (described in detail below), resulting
in 31 categories. Interacting these creates 3,503 possible jobs. Not all occupations, industries
or jobs are represented in our data. In the 1975 sample we observe 94 occupations, 31
industries and 1 377 jobs, in the 1990 sample we observe 112 occupations, 31 industries, and
1,958 jobs, and in the 2005 sample we observe 113 occupations, 29 industries and 1,669 jobs.
New jobs (jobs that were empty in the 1975 sample) are dropped; see the main text for a
discussion of this. There are 744 new jobs in the 1990 sample and 161 new jobs in the 2005
sample.

To perform our analysis, we need to construct full-time equivalent “individuals” from
our actual individuals, many of whom work part-time. The 1975 and 1990 samples only
include categorical information on hours worked, while the 2005 sample contains information
on actual hours. For comparability, we collapse work hour information to four categories in
all samples. For each category we then calculate mean hours worked from the 1974 edition of

the Swedish Level of Living Survey (LNU)’, as this data set includes data on hours worked.

? The interval means in the 1974 LNU are very similar in the 2005 LINDA sample.
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We then assign these means (10 hours for the 1-15 hours category, 17 hours for the 16-19
hours category, 24 hours for the 20-34 hours category and 40 hours for the 35-40 hours

category) to the individuals in each category in our three samples.

Occupational coding

Official Swedish occupational statistics use the Swedish Standard Classification of
Occupations 1996 (SSYK), which is a four-level hierarchical scheme with 10 major groups
(listed in Table A2), 27 sub-major groups, 113 minor groups and 355 unit groups. SSYK is
based on the International Standard Classification of Occupations 1988 (ISCO-88) published
by the International Labour Organization and on the European Union version ISCO-
88(COM), with some adjustments for the Swedish labor market. SSYK replaced the earlier
Nordic Standard Occupational Classification 1983 (NYKS83) scheme, which was based on
ISCO-58 (Statistics Sweden 1998).

Table A2: Swedish Standard Classification of Occupations (SSYK)

Code Major groups

1 Legislators, senior officials and managers

2 Professionals

3 Technicians and associate professionals

4 Clerks

5 Service workers and shop sales workers

6 Skilled agricultural and fishery workers

7 Craft and related trades workers

8 Plant and machine operators and assemblers
9 Elementary occupations

In the Population and Housing Censuses (FoB), however, other classification schemes
were used. FoB 75 and FoB 80 used identical schemes, YK80, based on NYK78 (Statistics
Sweden 1984). FoB 85 and FoB 90 used a version of NYK&83, YKS85, documented in
Statistics Sweden (1989). FoB 85 also provides a YK80 code for each individual, so that
occupation is registered using both the older and newer schemes. Statistics Sweden have
constructed a detailed translation key for going from three-digit YK80 and three- or five-digit
YKS85 to one-, three- or four-digit SSYK. The key is one-to-one for going from YKS85 to
SSYK, but for some YKS80 codes there are several possible SSYK codes. The key, however,
also contains head counts from 1985 and 1990 censuses. For each ambiguous YK80 code, we
pick the SSYK code that is most frequent in the 1985 census.

We use this key to recode the 1975 occupation variable from three-digit YK80 to three-
digit SSYK, and for recoding the 1990 occupation variable from five-digit YK85 to three-
digit SSYK. Some occupations, however, are not translated by the key. In the 1975 data, 25
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occupations are not translated. We drop those occupations with less than 20 observations,
leaving us with one occupation. We then exploit the panel structure in LINDA and the double
coding in FoB 85 by tabulating the YK85 occupation codes from the 1985 cross section for
the untranslated occupation in 1975. We then assign the most frequent YK85 code to this
YKS80 code. The YKS85 code is then translated to SSYK using the more detailed YKS85 to
SSYK key. In this case 41 percent of observations are found in the most frequent YK85 code,
while only 6 percent are in the second most frequent YK85 code. We drop 89 observations in
23 occupations having less than 20 observations, and we drop 197 observations having the
code for indefinable occupations in YKSO0.

For the 1990 occupation variable, we use the Statistics Sweden key to go from five-digit
YKS8S to three-digit SSYK. We drop 4 646 observations, of which 1 119 have the code for
unidentifiable occupations in YK85, and 3 526 are marked as untranslatable in the Statistics

Sweden key.

Industry coding

Official Swedish industry statistics uses the Swedish Standard Industrial Classification (SNI),
the latest version being SNI 2007. We use the earlier SNI 2002 scheme, however, since the
2005 sample uses this scheme. SNI 2002 is a hierarchical six level scheme, with 17 one-letter
sections (listed in Table A3), 31 two-letter sub-sections, 60 two-digit main groups, 222 three-
digit groups, 513 four-digit sub-groups, and 776 five-digit detailed groups. SNI 2002 is
identical to the Statistical Classification of Economic Activities in the European Communities
(NACE) Rev 1.1 published by the European Union at the four-digit level, while the five-digit
level does not exist in NACE. SNI 2002 replaced the similar SNI 92, which was based on
NACE Rev 1 (Statistics Sweden 1992; 2003). NACE Rev 1 was in turn based on the
International Standard Industrial Classification of All Economic Activities (ISIC) Rev 3,

published by the United Nations.

Table A3: Swedish Standard Industrial Classification (SNI 2002)

Code Sections

A Agriculture, hunting and forestry

Fishing

Mining and quarrying

Manufacturing

Electricity, gas and water supply

Construction

Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods
Hotels and restaurants

Transport, storage and communication

Financial intermediation

“—I@maoammgaw
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Real estate, renting and business activities

Public administration and defence; compulsory social security
Education

Health and social work

Other community, social and personal service activities
Activities of households

Extra-territorial organizations and bodies

ovoZZCR

An even earlier scheme based on ISIC Rev 2, SNI 69 (Statistics Sweden 1977), was
used in FoB 75 and FoB 90. The differences between SNI 69 and SNI 92 are documented in
Statistics Sweden (1992), and Statistics Sweden provide a translation key. Categories are both
split and combined when going from SNI 69 to SNI 92, so translation is not completely
straightforward. We exploit the panel structure in the LINDA data by connecting the 1990
sample, using SNI 69 coding, with the 1993 sample, using SNI 92 coding. For individuals in
both samples, we observe their industry code in both 1990 and 1993, and assuming that most
people stay in the same job, we can make an empirically based judgment of the best
translation for each split code. Thus, for each four-digit SNI 69 code, we assign the two-digit
SNI 92 code that is most frequently observed, conditional on this code being one of those
assigned in the Statistics Sweden key.

Using this method, we translate the 1975 and 1990 industry codes to a two-digit SNI 92
scheme. SNI 92 is mostly identical to SNI 2002 on the two-digit level. In a handful of cases, a
SNI 92 category was split into several categories in SNI 2002, but in those cases at least one
of the new categories retains the same two-digit code as in SNI 92, and in all cases the
retaining category is the one that is most similar to the SNI 92 category. Thus SNI 92 is
effectively identical to SNI 2002 for our purposes. In a last step, we aggregate the industry
codes to the two-letter level, resulting in a final set of 31 industry categories.

For the 1975 sample, we use the augmented key to go from four-digit SNI 69 to two-
digit SNI 92, and for the 1990 sample we go from five-digit SNI 69 to two-digit SNI 92. A
few industry codes are not translated by this key. Most of these are one- or two-digit main
groups, and for these we select the SNI 92 code that is most frequent among the sub groups.
For one remaining code, we manually select the SNI 92 code that is most similar in
description. These manual translations concern 27 individuals in three industries in the 1975
sample and 1,617 individuals in three industries in the 1990 sample. The translated codes are

then aggregated to the two-letter SNI 2002 scheme.
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Three-digit occupational and two-letter industry codes

Table A4: Three-digit SSYK categories

11

111
112
121
122
123
131
211
212
213
214
221
222
223

231

232

233
234

235
241
242

243

244

245

246
247
248

249

311
312

313
314
315
321
322
323
324
331

332

341
342
343
344

Armed forces

Legislators and senior government officials
Senior officials of special-interest organisations
Directors and chief executives

Production and operations managers

Other specialist managers

Managers of small enterprises

Physicists, chemists and related professionals
Mathematicians and statisticians

Computing professionals

Architects, engineers and related professionals
Life science professionals

Health professionals (except nursing)

Nursing and midwifery professionals

College, university and higher education
teaching professionals

Secondary education teaching professionals

Primary education teaching professionals
Special education teaching professionals

Other teaching professionals
Business professionals
Legal professionals

Archivists, librarians and related information
professionals

Social science and linguistics professionals
(except social work professionals)

Writers and creative or performing artists

Religious professionals

Public service administrative professionals
Administrative professionals of special-interest
organisations

Psychologists, social work and related
professionals

Physical and engineering science technicians
Computer associate professionals

Optical and electronic equipment operators
Ship and aircraft controllers and technicians
Safety and quality inspectors

Agronomy and forestry technicians

Health associate professionals (except nursing)
Nursing associate professionals

Life science technicians

Pre-primary education teaching associate
professionals

Other teaching associate professionals

Finance and sales associate professionals
Business services agents and trade brokers
Administrative associate professionals
Customs, tax and related government associate
professionals

513
514
515
521
522
611
612
613
614
615
711
712
713
714

721

722

723
724

731
732
733

734

741

742

743
744
811

812

813
814

815
816
817
821
822
823
824
825

826

827
828
829
831

Personal care and related workers

Other personal services workers

Protective services workers

Fashion and other models

Shop and stall salespersons and demonstrators
Market gardeners and crop growers

Animal producers and related workers

Crop and animal producers

Forestry and related workers

Fishery workers, hunters and trappers

Miners, shot firers, stonecutters and carvers
Building frame and related trades workers
Building finishers and related trades workers
Painters, building structure cleaners and related
trades workers

Metal moulders, welders, sheet-metal workers,
structural-metal preparers and related trades
workers

Blacksmiths, tool-makers and related trades
workers

Machinery mechanics and fitters

Electrical and electronic equipment mechanics
and fitters

Precision workers in metal and related materials
Potters, glass-makers and related trades workers
Handicraft workers in wood, textile, leather and
related materials

Craft printing and related trades workers

Food processing and related trades workers

Wood treaters, cabinet-makers and related trades
workers

Garment and related trades workers

Pelt, leather and shoemaking trades workers
Mineral-processing-plant operators

Metal-processing-plant operators

Glass, ceramics and related plant operators
Wood-processing- and papermaking-plant
operators

Chemical-processing-plant operators
Power-production and related plant operators
Industrial-robot operators

Metal- and mineral-products machine operators
Chemical-products machine operators

Rubber- and plastic-products machine operators
Wood-products machine operators

Printing-, binding- and paper-products machine
operators

Textile-, fur- and leather-products machine
operators

Food and related products machine operators
Assemblers

Other machine operators and assemblers
Locomotive-engine drivers and related worker
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345 Police officers and detectives | 832 Motor-vehicle drivers

346 Social work associate professionals 833  Agricultural and other mobile-plant operators

347 Attistic, entertainment and sports associate 834  Ships' deck crews and related workers
professionals

348 Religious associate professionals 911 Street vendors and market salespersons

411 Office secretaries and data entry operators 912 Helpers and cleaners

412 Numerical clerks 913 Helpers in restaurants

413  Stores and transport clerks 914 Doorkeepers, newspaper and package deliverers

and related workers

414 Library and filing clerks 915 Garbage collectors and related labourers

415 Mail carriers and sorting clerks 919 Other sales and services elementary occupations

419  Other office clerks 921 Agricultural, fishery and related labourers

421 Cashiers, tellers and related clerks 931 Mining and construction labourers

422  Client information clerks 932 Manufacturing labourers

511 Travel attendants and related workers 933  Transport labourers and freight handlers

512 Housekeeping and restaurant services workers

Table A5: Two-letter SNI 2002 categories

A Agriculture, hunting and forestry

B Fishing

CA Mining and quarrying of energy producing materials

CB Mining and quarrying except energy producing materials

DA Manufacture of food products; beverages and tobacco

DB Manufacture of textiles and textile products

DC Manufacture of leather and leather products

DD Manufacture of wood and wood products

DE Manufacture of pulp, paper and paper products; publishing and printing
DF Manufacture of coke, refined petroleum products and nuclear fuel
DG Manufacture of chemicals, chemical products and man-made fibres
DH Manufacture of rubber and plastic products

DI Manufacture of other non-metallic mineral products

DJ Manufacture of basic metals and fabricated metal products

DK Manufacture of machinery and equipment n.e.c.

DL Manufacture of electrical and optical equipment

DM Manufacture of transport equipment

DN Manufacturing n.e.c.

E Electricity, gas and water supply

F Construction

G Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods
H Hotels and restaurants

I Transport, storage and communication

J Financial intermediation

K Real estate, renting and business activities

L Public administration and defence; compulsory social security

M Education

N Health and social work

O Other community, social and personal service activities

P Activities of households

Q Extra-territorial organizations and bodies

32



WORKING PAPERS™
Editor: Nils Gottfries

2010:12 Per Engstrom, Bling Bling Taxation and the Fiscal Virtues of Hip Hop.
12 pp.

2010:13 Niclas Berggren and Mikael Elinder, Is tolerance good or bad for growth?
34 pp.

2010:14 Magnus Gustavsson and Par Osterholm, Labor-Force Participation Rates and
the Informational VValue of Unemployment Rates: Evidence from
Disaggregated US Data. 10 pp.

2010:15 Chuan-Zhong Li and Karl-Gustaf Lofgren, Dynamic cost-bene..t analysis of
large projects: The role of capital cost. 8 pp.

2010:16 Karl-Goran Maler and Chuan-Zhong Li, Measuring sustainability under
regime shift uncertainty: A resilience pricing approach. 20 pp.

2010:17 Pia Fromlet, Rational Expectations And Inflation Targeting - An Analysis
For Ten Countries. 38 pp.

2010:18 Adrian Adermon and Che-Yuan Liang, Piracy, Music, and Movies: A
Natural Experiment. 23 pp.

2010:19 Miia Bask and Mikael Bask, Inequality Generating Processes and
Measurement of the Matthew Effect. 23 pp.

2010:20 Jonathan Gemus, The Distributional Effects of Direct College Costs. 34 pp.

2010:21 Magnus Gustavsson and Par Osterholm, Does the Labor-Income Process
Contain a Unit Root? Evidence from Individual-Specific Time Series. 26 pp.

2010:22 Ranjula Bali Swain and Adel Varghese, Being Patient with Microfinance:
The Impact of Training on Indian Self Help Groups. 32 pp.

2010:23 Ranjula Bali Swain and Maria Floro, Reducing Vulnerability through
Microfinance: Evidence from Indian Self Help Group Program. 32 pp.

2010:24 Ranjula Bali Swain and Adel Varghese, Microfinance ‘Plus’: The Impact of
Business Training on Indian Self Help Groups. 9 pp.

2010:25 Mikael Bask and Anna Widerberg, Measuring the Stability of a Dynamic
System: The Case of the Stock Market Turmoil 2007-2008. 20 pp.

2010:26 Stefan Eriksson and Jonas Lagerstrom, The Determinants and Consequences
of Unemployed Workers” Wage Demands. 30 pp.

* A list of papers in this series from earlier years will be sent on request by the department.



2010:27 Olof Aslund, Per-Anders Edin, Peter Fredriksson and Hans Grénqvist, Peers,
neighborhoods and immigrant student achievement - evidence from a
placement policy. 42 pp.

2011:1 Matz Dahlberg, Karin Edmark and Heléne Lundqvist, Ethnic Diversity and
Preferences for Redistribution. 43 pp.

2011:2 Haishan Yu, The EU ETS and Firm Profits: An Ex-post Analysis for
Swedish Energy Firms. 19 pp.

2011:3 Edward Palmer, Generic NDC - Equilibrium, Valuation and Risk Sharing
with and without NDC Bonds. 40 pp.

2011:4 Susanne Ek and Bertil Holmlund, Part-Time Unemployment and Optimal
Unemployment Insurance. 32 pp.

2011:5 Mikael Elinder, Oscar Erixson and Henry Ohlsson, Carnegie visits Nobel:
Do inheritances affect labor and capital income? 34 pp.

2011:6 Jan Sodersten and Tobias Lindhe, The Norwegian Shareholder Tax
Reconsidered. 23 pp.

2011:7 Jesper Roine and Daniel Waldenstrom, On the Role of Capital Gains in
Swedish Income Inequality. 29 pp.

2011:8 Niklas Bengtsson and Per Engstrom, Control and Efficiency in the Nonprofit
Sector Evidence from a Randomized Policy Experiment. 24 pp.

2011:9 Ranjula Bali Swain and Adel Varghese, Delivery Mechanisms and Impact of
Training through Microfinance. 20 pp.

2011:10 Matz Dahlberg, Eva Mork and Pilar Sorribas-Navarro, Do Politicians’
Preferences Matter for Voters’ Voting Decisions? 28 pp.

2011:11 Jonas Kolsrud, Consumption Smoothing during Unemployment. 45 pp.

2011:12 Mikael Bask and Jodo Madeira, The Increased Importance of Asset Price
Misalignments for Business Cycle Dynamics. 32 pp.

2011:13 Katarina Nordblom and Jovan Zamac, Endogenous Norm Formation Over
the LifeCycle — The Case of Tax Evasion. 30 pp.

2011:14 Jan Pettersson, Instead of Bowling Alone? Unretirement of Old-Age
Pensioners. 41 pp.

2011:15 Adrian Adermon and Magnus Gustavsson, Job Polarization and Task-Biased
Technological Change: Sweden, 1975-2005. 33 pp.



See also working papers published by the Office of Labour Market Policy Evaluation
http://www.ifau.se/ ISSN 1653-6975



http://www.ifau.se/

	Job Polarization and Task-Biased Technological Change:  Sweden, 1975–20050F
	1. Introduction
	2. Data and methodology
	3. Results
	4. Concluding remarks
	References
	Appendix


