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ABSTRACT
Background Ongoing shifts in economic structure from 
automation and globalisation can affect employment and 
mortality, yet these relations are not well described.
Objective We assess whether long- term employment 
and health outcomes relate systematically to structural 
change in the labour market, using the occupational 
Routine Task Intensity (RTI) score as indicator of exposure 
is to risks of outsourcing and technology- induced job 
loss.
Methods Using a cohort design and administrative 
data with national population coverage, we categorise all 
Norwegian employees in 2003 by the RTI score of their 
occupation and examine how this score correlates with 
employment and health outcomes measured in 2018 and 
2019. The study sample counts 416 003 men and 376 
413 women aged 33–52 in 2003.
Results The occupational RTI score at baseline is 
robustly associated with long- term employment, 
disability and mortality outcomes. Raw correlations are 
reduced after adjustment for potential confounders, but 
associations remain substantial in models controlling for 
individual covariates and in sibling comparisons. Working 
in an occupation with RTI score 1 SD above the mean 
in 2003 is associated with a raised probability of being 
deceased in 2019 of 0.24 percentage points (95% CI: 
0.18 to 0.30) for men and 0.13 percentage points (95% 
CI: 0.02 to 0.24) for women, corresponding to raised 
mortality rates of 6.7% and 5.5%.
Conclusions Individuals in occupations characterised 
by high routine intensity are less likely to remain 
employed in the long term, and have higher rates of 
disability and mortality.

Stable and secure employment tends to be associ-
ated with better health and longer lives.1 2 Holding 
work that is perceived to be precarious or undesired 
could affect lifestyles and health risk behaviours.3 4 
While associations between type of work and job 
loss can reflect selection into jobs, research designs 
that largely avoid individual- level confounding have 
been found to reveal health effects of job loss—as in 
a recent paper comparing cause- specific mortality 
following unemployment from stable, downsized 
and closed workplaces.5 As a result, public health 
outcomes and health inequalities may be adversely 
affected by ongoing and interlaced processes of 
globalisation and automation currently altering 
the structure of Western labour markets, processes 
that are hollowing out employment shares of 
mid- income occupations and causing job loss in 
trade- exposed regions.6 Regional malaise relating 

to such economic disruptions has been argued to 
raise mortality from suicide, drug and alcohol use,7 
though this claim remains contested.8 While the 
projected impact of technological changes on labour 
markets varies across studies,9 10 many expect these 
economic changes to continue or even accelerate—
and encompass larger shares of the economy. One 
assessment by the World Bank11 suggests that one 
half of all jobs held today are at risk of disappearing 
due to automation. Technology- induced job losses 
could further disproportionally affect certain 
demographic groups. In highly gender- stratified 
economies, which includes Norway, the implica-
tions for industrial employment could dispropor-
tionally affect men.12

There are several reasons why technology- 
induced job loss can relate to health outcomes.13 
Holding an occupation that is being phased out 
over time increases the risk of employment loss and 
makes re- employment harder since job openings 
within the same occupation will tend to become 
scarce. Unemployment has been found to be asso-
ciated with worsening mental health,14 while job 
insecurity may affect those who remain employed. 
Having a job where one has a higher risk of being 
laid off can cause stress and greater risk of anxiety 
and depression.15 Perceived job security and 
stressful working conditions are associated with the 
risk of new technologies displacing one’s job.16–18 
Employees whose jobs face automation may be 

Key   messages

What is already known about this subject?
 ► Job loss and precarious employment is known 
to be related to negative health outcomes. 
Yet, there have been insufficient large- scale 
population level longitudinal analyses focusing 
on how exposed the job is to technology- 
induced displacement and its health and social 
effects.

What are the new findings?
 ► We find strong correlations between job loss 
risk at the occupational level in 2003 and 
employment, disability and mortality outcomes 
measured 16 years later.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► Retraining programs and career advice may 
help improve employment adaptability of those 
holding jobs at risk of displacement.
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more likely to fear job displacement,19 and studies report asso-
ciations between low job security and worsened health condi-
tions for employees and their families,20 21 as well as fear of job 
displacement and reduced mental health.22 23 Norwegian data 
indicate a rise in the use of antidepressants and anxiety- reducing 
prescription drugs several months before a job loss occurs.24 Job 
loss is strongly associated with mental health and health risk 
behaviours, such as cigarette smoking, alcohol intake and phys-
ical inactivity.25–27

While this suggests that a link between economic structural 
change and health is plausible, the claimed link between unem-
ployment/labour market outcomes and health is still contested. 
While some read the evidence as strongly supporting harmful 
causal effects of job loss on physical health and mortality,28 
others suggest this mainly reflects reverse causality whereby 
poor health increases the probability of unemployment.29

The objective of the current study is to examine how struc-
tural economic risk at the occupational level relates to long- term 
health outcomes of employees, using large- scale administrative 
data registers from Norway with full population coverage for 
the 2003–2019 period and detailed information on occupation, 
individual background characteristics and long- term health- 
related outcomes.

METHODS
Data
Our main analysis uses a cohort design to examine whether 
employment, disability and mortality in 2018 and 2019 is 
systematically related to the structural risk facing an individu-
al’s occupation in 2003. The structural risk is measured using 
a widely used occupation- level indicator of automation and 
outsourcing risk. Individual- level covariates and a fixed effect 
model comparing same- sex siblings are used to adjust for 
confounders.

The study covers all individuals with registered employment 
in November 2003 and observes employment and disability 
status in 2018 and mortality status in 2019. Administrative 
registers with full population coverage were linked to combine 
employment records with pre- tax earnings and occupational 
code, educational attainment (normed years), demographic 
information (gender, year of birth, identifiers for civil status 
and children), social transfers (disability pension) and mortality. 
The analysis data cover the period 2003–2019 (with disability 
pensions and employment observed through 2018), as 2003 was 
the first year with occupation codes (the ISCO-88 standard) in 
the Norwegian employer–employee register. Our data extract 
covers workers in 335 occupations at the four- digit level.

As an indicator of automation and outsourcing risk at the 
occupational level, we use the Routine Task Intensity (RTI) 
index,30–32 linked to occupations using occupational code cross- 
walks from the standards used by the O*NET Database which 
includes characteristics of job tasks across occupations. The RTI 
index is a weighted sum of selected job characteristics measured 
in the O*NET data, intended to capture the extent to which an 
occupation is characterised by routine cognitive or physical tasks 
that can potentially be automated or outsourced (see Mihaylov 
and Tijdens33 for details on the RTI construction used). The 
index is computed as the sum of the occupation’s scores on the 
routine manual and routine cognitive task scales, and subtracts 
the scores on three non- routine task scales (manual, analytical 
and interpersonal). To facilitate interpretation of results, we 
standardise the index to have mean 0 and SD 1 in the 2003 
workforce.

Consistent with the underlying theory of skill biased techno-
logical change, past research has found declining employment in 
occupations with higher RTI scores–leading to a hollowing- out 
of employment in medium- pay occupations in both the USA6 
and Europe.30 To match the year of the worker extract, we use 
the 5.0 (2003) release of the O*NET Database.

The analyses are designed to examine how the structural risk 
score of employee occupation at baseline in 2003 predicts the 
probability of (a) remaining in employment in 2018 and (b) devel-
oping serious health issues—as measured by medical disability in 
2018 and age- adjusted mortality in 2019. Occupation- level indi-
cators of structural risk are used in place of observed individual 
job displacement so as to reduce bias from spurious associations 
reflecting selection into unemployment.5 To further adjust for 
selection into occupations, we also analyse the data using addi-
tional individual- level variables and a same- sex family fixed 
effect design to control for unmeasured, time- invariant family- 
level confounders.

We analyse three separate outcomes. Employment is defined 
as having registered employment with annual earnings above 
1 G, the base unit of the Norwegian pension system and the 
minimum earnings for pension rights. As indicators of long- 
term health and mortality at the individual level, we use data 
indicating whether an individual received a permanent disability 
pension or was registered as deceased in the population registry. 
The criteria for receiving disability pension are that an individual 
has suffered a permanent reduction in earnings ability due to 
serious illness or injury. Diagnoses vary by age and sex, but 
mental health and musculoskeletal problems jointly account for 
a majority of cases in most age groups for both sexes, as is the 
case in the other Nordic countries.34 35

We study the long- term health outcomes correlated with 
employment in occupations with varying exposure to structural 
change in labour markets. Our main analysis sample is therefore 
restricted to wage earners in their prime earnings age with a valid 
record (ie, non- zero hours and wages) in November 2003 in the 
employer–employee register and we exclude those who were 
disability pension recipients in 2003. Because we can follow 
the earnings and social security history of these workers for 15 
years (ie, through 2018), we limit the data extract to those aged 
33–52 in 2003. People aged 53 or more at baseline would not 
have disability status observed in 2018, as these are converted 
to old- age pensions at age 67. To ensure that we have links to 
parents and complete records of mortality, we further restrict 
the extract to Norwegian- born individuals with two Norwegian- 
born parents. Prior research shows that, among immigrants to 
Norway 1967–2002, 60% had outmigrated within 10 years 
of arrival.36 The data extract we use consists of 416 003 men 
and 376 413 women born between 1951 and 1970. From these 
records, we construct subsamples for the purpose of conducting 
sibling comparisons, identifying 186 369 men with a brother 
and 158 524 women with a sister in the employee extract.

Further details on variable definitions and estimation code are 
available in the online supplemental file 1.

Statistical analyses and outcomes
We assess associations between occupational risk scores and 
long- term outcomes at both the occupational and individual 
levels. For the occupation- level analysis, each observation 
consists of an occupation, its 2003 standardised RTI score, the 
number of employees working in the occupation in 2003 and the 
average employment, disability and mortality of these employees 
measured in 2018–2019. In the occupation- level analysis, the 
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associations between the RTI score of the occupation and the 
three outcomes are assessed using separate linear regressions 
with observation weights equal to the number of employees in 
each occupation, superimposed on a bubble chart—a scatter plot 
where each occupation is represented as a circle scaled to show 
the relative occupational size in 2003.

In the analyses using individual- level data, we assess the same 
associations using linear probability models and three separate 
model specifications that allow for varying degree of confounder 
adjustment. The first model uses no controls, closely matching 
the occupation- level analysis. The second model adds controls 
for age (indicator variables for age), educational attainment (indi-
cators for 13 levels), civil status (single as opposed to married/
cohabitant) and childlessness. Age and educational attainment 
dummies are used to avoid restrictive functional forms. The 
third model adds family fixed effects, which means that each 
family has its own unique intercept. This identifies the coeffi-
cients by assessing whether sibling differences in occupational 
RTI scores predict sibling differences in long- term outcomes. By 
using within- family variation only, this effectively controls for 
all (observed and unobserved) time- invariant confounders at the 
family level (eg, family and socioeconomic background, shared 
genetic and environmental influences).

All models are estimated separately for each combination of 
sex and outcome, with SEs in the individual- level analyses clus-
tered within occupations.

We also re- estimate the confounder control and within- family 
models with an interaction term allowing the RTI coefficient to 
differ linearly by years of education, so as to assess whether asso-
ciations differ by socioeconomic status of employees.

Finally, as a robustness exercise, we perform the same set of 
analyses using the Frey- Osborne (FO) index in place of the RTI 
index as the measure of structural risk. While the two measures 
would be expected to correlate, the FO index was developed in 
2012 and aimed to more narrowly reflect the probability that 
expected advances in machine- learning techniques would make 
it possible to automate the tasks involved in different occupa-
tions over the coming decades.31

RESULTS
The main analysis sample consists of 416 003 men and 376 413 
women (table 1). The average age and educational attainment 
of the men and women are similar, but men are 1% point more 
likely to be single and 7% points more likely to be childless at 

baseline. For the family fixed effect models, only individuals 
with a same- sex sibling in the data will contribute to the esti-
mation, reducing the sample sizes to 186 369 men (‘Brothers’) 
and 158 524 women (‘Sisters’). Relative to the full sample, the 
individuals in the sibling samples are about 1% point less likely 
to live alone and are more likely to have children, with slightly 
lower long- term disability retirement and mortality at follow- up.

The occupation- level analysis presents unadjusted estimates, 
and shows higher RTI scores at baseline robustly associated with 
poorer long- term average outcomes for employees of both sexes 
(figure 1). The results are shown separately for each combina-
tion of sex and outcome variable, with a regression line and 
95% CI superimposed on a bubble plot of standardised RTI 
scores against average long- term outcomes of each occupation’s 
employees. The size of each bubble reflects the occupation’s 
employment share at baseline, and thus also the observation’s 
weight in the regression.

Individual- level analyses allow for confounder- adjusted esti-
mates, with results shown in table 2. Point estimates are substan-
tial for all model–sex–outcome combinations, but the magnitude 
of the coefficients is substantially reduced when controlling 
for individual- level observables. Note that the point estimates 
remain relatively unchanged as family fixed effects are added, 
although precision is reduced as the estimates use a smaller 
sample and only exploit the within- family variation in occupa-
tional risk score. The small change in estimates is consistent with 
our observed covariates capturing much of the compositional 
differences in employee characteristics across occupations.

The coefficient of the standardised RTI score expresses the 
outcome difference associated with a 1 SD change in occupa-
tional risk score. To illustrate, in the most cautious model for 
men (table 2, sibling model), an individual whose initial occu-
pation had an RTI score 1 SD above his brother would be 
predicted to have a 1.5 percentage points (95% CI: 1.2 to 1.8) 
point reduced probability of being observed in employment, a 

Table 1 Descriptive statistics, analyses samples

Men Women

All Brothers All Sisters

(1) (2) (3) (4)

Observations 416 003 186 369 376 413 158 524

Number of families 83 715 71 647

Age 42.1 42.3 42.3 42.3

Education (years) 13.4 13.4 13.5 13.4

Single (%) 29.2 28.1 28.3 27.5

Childless (%) 18.6 14.9 11.8 10.8

Employment per 100, 2018 86.0 87.8 81.9 84.0

Disability pensions per 100, 2018 10.5 9.9 17.8 17.0

Mortality per 1000, 2019 35.6 32.5 23.7 22.7

Samples are drawn from the November 2003 employment file of the Norwegian welfare 
administration and are limited to wage earners age 33–52. Unless otherwise stated, 
descriptive statistics are measured in 2003. Employment and disability statistics are 
conditional on survival until 2019. See text for further details on sample restrictions.
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Figure 1 Occupational risk score 2003 and employment, disability and 
mortality 2018/2019. Scatter points show the average outcome in 2018 
or 2019 versus the Routine Task Intensity index for each of 246 (men) and 
185 (women) 2003 occupations. Occupations with higher RTI scores are 
expected to be more influenced by automation and globalisation. Scatter 
points are weighted by the observation count of the 2003 occupation; cells 
with fewer than 100 observations are omitted from the figure. The Routine 
Task Intensity index is standardised to have mean 0 and SD 1 in the 2003 
workforce. Slope (95% CI) of regression lines are −3.00 (−3.44 to –2.55), 
3.22 (2.84 to 3.62) and 4.38 (3.52 to 5.24) in the top panels, and −5.07 
(−6.00 to –4.14), 5.18 (4.12 to 6.25) and 3.20 (2.25 to 4.14) in the 
bottom panels. RTI, Routine Task Intensity.
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1.6 percentage points (95% CI: 1.2 to 2.0) raised probability 
of being observed with disability pension and a 0.2 percentage 
point (95% CI: 0.1 to 0.4) point higher probability of being 
dead. Our most conservative estimate of the effect on mortality 
comes from the confounder- control model estimated using the 
full sample. Evaluated at the sample mean, the point estimate 
from this model implies that a 1 SD RTI score difference is asso-
ciated with a 6.7% higher mortality rate among men and 5.5% 
higher mortality rate among women.

Allowing the RTI coefficient to vary by educational attain-
ment finds a consistent pattern across sex–outcome combina-
tions of coefficients taking a larger absolute value for those with 
less education, though several of the coefficients are imprecisely 
estimated (table 3). To simplify interpretation and comparison of 
these results, we evaluate the RTI coefficient at three different 
levels of attainment; compulsory schooling, completed upper 
secondary education and college degree (figure 2).

Repeating the analyses using the Frey- Osborne index yields 
highly similar results across all outcomes and models for men 
(see and online supplemental tables S1 and S2 in the supplemen-
tary materials). For women, the confounder control and sibling 
models find insubstantial coefficients with 95% CIs covering 0.

DISCUSSION
Findings
Using a population data sample that covers a 17- year period, 
we find that individuals initially employed in occupations with 
a higher risk of being displaced due to technological change or 
outsourcing as proxied by RTI are less likely to be employed, 
and more likely to receive a disability pension or be deceased 16 
years later. This also holds in analyses adjusting for individual- 
level covariates and time- invariant sibling- shared influences, 
though estimates are substantially attenuated. Allowing the RTI 
coefficient to differ by educational attainment consistently indi-
cates larger coefficients for those with less education—though 
some of these interaction terms are imprecisely estimated.

A core strength of our study is the use of administrative data 
covering the full Norwegian population of salaried employees 
in November 2003, which gives us a population- representative, 
attrition- free longitudinal data set of health and employment 
outcomes across a 16- year follow- up period. In addition, the 
family linkages and additional population data registers enable 
analyses controlling for individual educational attainment and 
family status. The magnitude of the data sample is what allows 

Table 2 Regression results, coefficient of Routine Task Intensity index of 2003 occupation

Men Women

Model w/o controls Model with controls Sibling model Model w/o controls Model with controls Sibling model

(1) (2) (3) (4) (5) (6)

Dependent variable

  Employment per 100, 2018 −2.8 −2.0 −1.5 −5.0 −2.1 −1.6

  (−3.5 to –2.1) (−2.3 to –1.6) (−1.8 to –1.2) (−6.9 to –3.1) (−3.2 to –1.0) (−2.3 to –0.9)

  Disability per 100, 2018 3.3 1.9 1.6 5.3 2.0 1.7

  (2.5 to 4.1) (1.5 to 2.4) (1.2 to 2.0) (3.2 to 7.4) (0.6 to 3.4) (0.7 to 2.6)

  Mortality per 1000, 2019 4.4 2.4 2.4 3.3 1.3 1.4

  (3.2 to 5.6) (1.8 to 3.0) (1.2 to 3.6) (1.7 to 4.9) (0.2 to 2.4) (−0.1 to 2.9)

Observations 416 003 416 003 186 369 376 413 376 413 158 524

Number of families 83 715 71 647

Control variables None Age, education, civil 
status, childless

Age, education, civil 
status, childless, family 
fixed effects

None Age, education, civil 
status, childless

Age, education, 
civil status, 
childless, family 
fixed effects

Sample All All Brothers All All Sisters

Table entries give change in dependent variable from a 1 SD increase in the Routine Task Intensity (RTI) index of 2003 occupation. Higher RTI scores reflect a greater susceptibility 
to the effects of automation and globalisation. 95% CIs are reported in brackets; SEs are clustered within occupations. Models in columns (2), (3), (5) and (6) include indicator 
variables for 20 ages and 13 levels of educational attainment, as well as indicator variables for single status and childlessness in 2003. Employment and disability outcomes are 
conditional on survival until 2019.

Table 3 Coefficient of interaction term between Routine Task Intensity index of 2003 occupation and educational attainment

Dependent variable Employment per 100, 2018 Disability per 100, 2018 Mortality per 1000, 2019

Sample
  

All Siblings All Siblings All Siblings

(1) (2) (3) (4) (5) (6)

Men 0.3 0.3 −0.5 −0.4 −0.6 −0.4

  (0.2 to 0.5) (0.2 to 0.4) (−0.6 to –0.3) (−0.5 to –0.3) (−0.9 to –0.3) (−0.9 to 0.0)

Women 0.4 0.2 −0.5 −0.3 −0.4 −0.1

  (0.1 to 0.8) (−0.0 to 0.4) (−0.9 to –0.1) (−0.5 to 0.0) (−0.7 to –0.1) (−0.6 to 0.4)

Control variables RTI, education, age, civil 
status, childless

RTI, education, age, civil 
status, childless, family 
fixed effects

RTI, education, age, civil 
status, childless

RTI, education, age, civil 
status, childless, family 
fixed effects

RTI, education, age, 
civil status, childless

RTI, education, age, 
civil status, childless, 
family fixed effects

Table entries give coefficient of the interaction term between education and the Routine Task Intensity index of 2003 occupation. 95% CIs are reported in brackets; SEs are 
clustered within occupations. See also table 2 for observation counts and further detail on model specifications.
RTI, Routine Task Intensity.
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us to use fixed effect models to control for time- invariant family 
fixed effects in gender- specific analyses, as such estimates are 
based exclusively on the outcome differences observed for 
same- sex siblings employed in occupations with different RTI 
scores.

The strong and consistent associations seen in our most cautious 
models, using only within- family variation and controlling for 
observed sibling differences, is in contrast to results from smaller 
surveys (such as the German socioeconomic panel) which suggest 
that those who become unemployed differ in ways that explain 
later poor health outcomes.29 The smaller effect estimates when 
controlling for confounders and comparing siblings, highlight 
selection into jobs with a higher risk of automation, consistent 
with earlier survey- based analyses from Norway.37

By conditioning the analysis on the 2003 occupation and using 
occupational level risk scores, we employ an intention- to- treat 
design that reduces potential selection effects that would other-
wise confound estimates. An analysis comparing those remaining 
in their occupation to those retraining and finding work in new 
occupations, for instance, might be comparing individuals whose 
unobserved differences at baseline explain both their different 
labour market responses and any difference in outcomes.38 The 
flip side of this benefit, however, is that our study does not allow 
for a more detailed assessment of potential causal mechanisms 
involved.

The finding that the influence of RTI tends to be smaller in 
absolute value for those with higher educational attainment is 
a good example of this point. Our exposure measure is occu-
pational RTI score in the baseline year, but this reflects the task 
content of occupations at a specific point in time. Over time, 
the task content of occupations may shift as new technologies 
are integrated into existing workflows, and the ease with which 
this may be achieved may vary with the educational level of the 
workers. Alternatively, higher educational attainment may signal 
cognitive skills or personality traits that are broadly valued in the 
labour market, making it easier for these workers to shift into 
new occupations. Finally, we might see such gradients if workers 
with lower educational attainment were more strongly sorted 

into occupations on the basis of unobserved characteristics. This 
‘differential confounding’ explanation, however, would also 
predict that the gradient should be substantively different in the 
sibling model that corrects for unobserved confounders at the 
family level. This does not seem to be the case (figure 2).

The use of occupational risk score measured at baseline in 
2003 also needs to be kept in mind when interpreting the results. 
Many workers will shift occupation over time, and occupations 
themselves are broad categories covering jobs that may vary in 
RTI and that may be adjusted over time in response to techno-
logical and market forces.39 This means that the ‘dose’ of struc-
tural risk that different individuals are exposed to over time may 
differ in ways that our RTI score fails to reflect. There could be 
substantial opportunities for adaptability of jobs in a period of 
automation which may reduce unemployment following tech-
nological change. Changes in work tasks within occupations 
may imply that many maintain their job yet change task content. 
Some high- RTI occupations may also be ‘early stage’ jobs that 
workers typically progress from over time, in which case the 
‘exposure’ measured at baseline will fail to reflect the risk expe-
rienced across the observational period. To the extent that this 
can be viewed as a classical measurement error in our exposure 
measure, we would expect this to bias our estimates towards 0.

While we would expect qualitatively similar relationships to 
be present in data from other countries, the magnitude of the 
effects may be smaller in Norway. Norway is characterised by 
relatively low economic and social inequality, income levels are 
high and social security measures are strong. In addition, there 
are indications that structural risk reshapes labour markets more 
strongly during economic downturns—and Norway was left 
relatively unaffected by the 2007 financial crisis and experienced 
low unemployment throughout our sample period.

CONCLUSIONS
Individuals employed in occupations with high scores on the 
RTI index, a widely used indicator of how exposed an occu-
pation is to being outsourced or automated, were less likely to 
remain employed and more likely to receive disability pension or 
have died 16 years later. The associations were attenuated when 
educational attainment and family status were controlled for in 
a family fixed effect model comparing siblings of the same sex. 
We repeated the analyses using the Frey- Osborne index, which 
was developed in 2012 to identify occupations at raised risk 
of being automated as machine- learning techniques improved. 
This produced similar results for men while the associations for 
women were small in models with individual- level controls or 
family fixed effects.

Our findings are consistent with the concern that ongoing 
automation and outsourcing trends may have negative public 
health implications for those in affected occupations. If the 
associations reflect causal effects, these could relate to pathways 
identified in earlier research, such as increased stress due to 
employment uncertainty, and to negative consequences of (partic-
ularly long term) employment loss on health behaviours. To the 
extent that they are non- causal, they reveal that the burdens of 
being employed in occupations in long- term decline—such as 
increased unemployment and career risks—fall disproportion-
ately on employers with poorer health. Efforts should be made 
to identify evidence- based policies that can dampen these conse-
quences, for instance, by improving employment adaptability 
through retraining or career advice programmes.

Twitter Vegard Skirbekk @vskirbekk
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Figure 2 Effect estimates of RTI on employment and health outcomes by 
educational attainment. Scatter points show the estimated effects of a 1 SD 
increase in the Routine Task Intensity index of 2003 occupation, evaluated 
at educational attainments of compulsory schooling, completed upper 
secondary and college. Estimates are based on regression models where 
attainment is interacted with RTI. Regression models control for age (20 
levels), single status and childlessness in 2003. Sibling models add family 
fixed effects. SEs are clustered within 2003 occupation. RTI, Routine Task 
Intensity.
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Table S-1 – Regression results, coefficient of Frey-Osborne index of 2003 occupation. 

 Men Women 

 
Model w/o 

controls 

Model with 

controls 

Sibling 

model 

Model w/o 

controls 

Model with 

controls 

Sibling 

model 

 (1)  (2) (3)  (4)  (5) (6)  

Dependent variable:            

Employment per 100, 2018 -3.1 -1.6 -1.4 -3.1 -0.7 -0.5 

 [-3.7, -2.4] [-2.1, -1.1] [-1.8, -1.1] [-4.8, -1.5] [-1.6, 0.2] [-1.0, 0.1] 

       

Disability per 100, 2018 3.4 1.7 1.4 2.9 0.4 0.2 

 [2.8, 3.9] [1.4, 2.1] [1.1 ,1.7] [0.8, 4.9] [-1.0, 1.6] [-0.3, 1.1] 

       

Mortality per 1000, 2019 4.6 2.1 2.2 2.1 0.6 0.4 

 [3.5, 5.7] [1.3, 2.9] [1.1, 3.3] [1.2, 3.1] [-0.5, 1.7] [-1.0, 1.9] 

       

Observations 416 003 416 003 186 369  376 413  376 413 158 524  

Number of families   83 715    71 647  

Control variables None Age, 

education, 

civil status, 

childless 

Age, 

education, 

civil status, 

childless, 

family fixed 

effects 

None Age, 

education, 

civil status, 

childless 

Age, 

education, 

civil status, 

childless, 

family fixed 

effects 

Sample All All Brothers All All Sisters 

Note: Table entries give change in dependent variable from a one standard deviation increase in the Frey-Osborne index of 

2003 occupation. 95% confidence intervals are reported in brackets; standard errors are clustered within occupations. 

Models in columns (2), (3), (5) and (6) include indicator variables for 20 ages and 13 levels of educational attainment, as 

well as indicator variables for single status and childlessness in 2003.    
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Table S-2 – Coefficient of interaction term between Frey-Osborne index of 2003 occupation and educational attainment. 

Dependent variable: Employment per 100, 2018 Disability per 100, 2018 Mortality per 1000, 2019 

Sample: All Siblings All Siblings All Siblings 

 (1)  (2) (3)  (4)  (5) (6)  

       

A. Men 0.3 0.2 -0.5 -0.4 -0.8 -0.7 

 [0.1,0.4] [0.1,0.4] [-0.6,-0.4] [-0.5,-0.3] [-1.0,-0.5] [-1.2,-0.3] 

       

B. Women 0.3 0.2 -0.4 -0.2 -0.4 -0.2 

 [0.0,0.6] [-0.0,0.3] [-0.8,0.0] [-0.4,0.0] [-0.7,-0.2] [-0.7,0.2] 

       

Control variables Frey-Osborne 

index, 

education, 

age, civil 

status, 

childless 

Frey-Osborne 

index, 

education, 

age, civil 

status, 

childless, 

family fixed 

effects 

Frey-Osborne 

index, 

education, 

age, civil 

status, 

childless 

Frey-Osborne 

index, 

education, 

age, civil 

status, 

childless, 

family fixed 

effects 

Frey-Osborne 

index, 

education, 

age, civil 

status, 

childless 

Frey-Osborne 

index, 

education, 

age, civil 

status, 

childless, 

family fixed 

effects 

Note: Table entries give coefficient of the interaction term between education and the Frey-Osborne index of 2003 

occupation. 95% confidence intervals are reported in brackets; standard errors are clustered within occupations. See also 

Table A-1 for observation counts and further detail on model specifications. 
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Figure S-2 – Effect estimates of Frey-Osborne index on employment and health outcomes by educational attainment. Scatter 

points show the estimated effects of a one standard deviation increase in the Frey-Osborne index of 2003 occupation, 

evaluated at educational attainments of compulsory schooling, completed upper secondary, and college. Estimates are 

based on regression models where attainment is interacted with the Frey-Osborne index. Regression models control for age 

(20 levels), single status, and childlessness in 2003. Sibling models add family fixed effects. Standard errors are clustered 

within 2003 occupation.  
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Variables and estimation code 

The following variables are used in the study: 

• Outcome variables: 

o Employment: Indicator variable for whether the sum of earnings from registered 

employment exceeds 1G (the base unit of the Norwegian pension system, and the 

minimum earnings level required to earn pension rights) – using data from the 

registers of the tax and welfare administrations. In 2018, 1G equaled 95 800 NOK 

(approximately 10 000 Euros)  

o Disability: Registered as recipient of disability pension at any level (i.e., including 

those with reduced but some residual work capacity) 

o Mortality: Marked as deceased in population registry 

• Explanatory variables: 

o Sex 

o Year of birth 

o Age: Integer age Dec 31, 2003 

o Educational attainment: 13 levels of years of schooling defined by the six-digit code 

of the individual’s highest completed education in 2003, as recorded in the National 

Education Data Base (“NUDB”). The administrative data use the Norwegian Standard 

Classification of Education (NUS2000), as further documented here: 

https://www.ssb.no/en/klass/klassifikasjoner/36/ 

o Civil status: Single is defined by having no registered partner or cohabitant at the end 

of 2003. Details: https://www.ssb.no/en/omssb/tjenester-og-verktoy/data-til-

forskning/befolkning/data-om-familie-samboere-og-ektefeller 

o Childlessness: No registered children in the population registry as of Dec 31, 2003 

o Mother identifier: Mother’s encrypted personal identity number, as recorded in the 

population registry 

o Occupation: 4-digit occupation code (ISCO-88 standard) recorded in the employer-

employee register 

o Routine Task Intensity index: Measure computed from occupational task scales 

downloaded from the O*NET data base, version 5.0, with cross-walks from SOC 

codes to ISCO-88 codes downloaded from the US Bureau of Labor Statistics 

(https://www.bls.gov/emp/documentation/crosswalks.htm) and Statistics Norway 

(https://www.ssb.no/en/klass/klassifikasjoner/145/korrespondanser). We compute 

the RTI index as the sum of O*NET scores on manual routine and cognitive routine 

scales, and subtract the sum of scores on the non-routine manual, analytical, and 

interpersonal task scales. 

o Frey-Osborne index:  Data collected from appendix of Frey and Osborne (2017).    
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Stata code for estimation: 

 

#delimit ; 

 

set more 1; 

 

 

log using reg_tables, t replace; 

 

*fig 1, occupation-by-gender data; 

 

use data\occupation_data, clear; 

 

forvalues s= 0/1 {; 

foreach y of var yemp2018 ydis2018 ymort2019 {; 

di "sex= " `s' " dep var " `"`y'"'; 

reg `y' std_rti if sex==`s' & ncell>99 [aw=ncell]; 

}; 

}; 

 

 

 

*table 2, micro data; 

 

use data\micro_data, clear; 

 

forvalues s= 0/1 {; 

foreach y of var emp2018 dis2018 mort2019 {; 

di "sex= " `s' " dep var " `"`y'"'; 

di "model 1, no controls"; 

reg `y' c.std_rti if sex==`s', cl(isco88); 

di "model 2, with controls"; 

reghdfe `y' c.std_rti i.single i.cldlss if sex==`s', absorb(age educ) 

cl(isco88); 

di "model 3, add family fixed effects"; 

reghdfe `y' c.std_rti i.single i.cldlss if sibsmpl==1 & sex==`s', 

absorb(morid age educ) cl(isco88); 

}; 

}; 

 

log close; 
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