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Abstract

Recent advances in artificial intelligence and robotics have led to a higher risk of job loss or job
transformation among certain groups of workers. Moreover, the COVID-19 pandemic has shown that
workers whose job can be done from home, involves sufficient physical distancing, or is deemed essential
by authorities enjoy greater job security than other workers during a lockdown. In light of these two
developments, it is important to identify which groups of Canadian workers might enjoy the highest or
lowest level of job security in upcoming years.

To do so, this study develops a forward-looking measure of job security. Specifically, it estimates the
proportion of Canadian employees who hold ‘triple-protected’ jobs, or jobs that (a) have no predetermined
end date; (b) have a low risk of being lost or transformed due to automation; and (c) are resilient to
pandemics. This measure uses Statistics Canada’s 2019 Labour Force Survey (LFS) as the baseline
sample, which is augmented with data from Statistics Canada’s 2016 Longitudinal and International Study
of Adults (LISA) and the Occupational Information Network (O*NET, version 17.0) from the U.S. Bureau
of Labor Statistics. This study shows that two in five employees held a triple-protected job in Canada in
2019, prior to the COVID-19 pandemic. However, such jobs were unequally distributed across workers,
families, and regions. Highly educated and high-wage workers were most likely to hold triple-protected
jobs. Likewise, highly educated dual-earner couples and dual-earner couples in the top decile of the
earnings distribution were far more likely to have triple-protected jobs for both spouses than other dual-
earner couples. In fact, the disparities in triple-protected jobs by education and earnings were larger
among dual-earner couples than among individuals. Finally, couples living in economic regions with large
cities were far more likely to enjoy relatively high levels of job security than those living in small towns
and rural areas. Taken together, these findings suggest that further developments in artificial intelligence
and potential pandemics in the future may exacerbate family income inequality.
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Introduction

Job security is a key component of workers’ well-being. One approach to measuring job security
distinguishes permanent jobs—jobs with no predetermined end date—from temporary jobs (e.g., work
that is seasonal, term or contract, casual, through a temporary employment agency, or otherwise has a
predetermined end date) (Galarneau 2005) or from gig employment (Jeon et al. 2019).

An alternative approach acknowledges the fact that all types of jobs—permanent, temporary, gig
employment—can potentially be terminated through layoffs or the termination of contracts/work
arrangements. This approach focuses on the following three components: (a) the likelihood of losing
one’s job; (b) the loss in earnings experienced following job loss; (c) the likelihood of experiencing
substantial wage cuts while remaining employed in a given firm (Nickell, Jones and Quintini 2002).

Previous research has shown that neither the likelihood of job loss nor the short-term loss in earnings
experienced after layoffs have increased in Canada since the late 1970s (Morissette, Qiu and Chan 2013;
Morissette and Qiu 2020). Furthermore, the share of the paid workforce employed in a temporary job
remained relatively stable during the 2000s and 2010s, achieving a high of 13.7% in 2017 and a low of
12.3% in 2008 (Statistics Canada n.d.). However, two recent developments could raise concerns about
the evolution of job security in forthcoming years: significant advances in artificial intelligence and the
COVID-19 pandemic.

Recent developments in artificial intelligence and robotics have raised concerns about job security in the
future (Brynjolfsson and McAfee 2014). The technology that enables robots or computer algorithms to
perform tasks traditionally accomplished by humans has existed for quite some time, but was often
expensive. However, advances in computing power and the development of new computer applications
are likely to make such technology less costly in the long run. While automation has been increasingly
embraced by the manufacturing sector, the tasks performed by workers in the economy as a whole have
been gradually changing over the last three decades, in a manner consistent with increased adoption of
automation technology—away from routine, manual tasks and toward non-routine, cognitive tasks (Frank,
Yang and Frenette 2021). However, the COVID-19 pandemic and subsequent lockdown and
reorganization of many businesses have provided firms with another incentive to invest in automation:
making the production and delivery of goods and services more resilient in the event of future pandemics
or other natural or unnatural disasters that call for a lockdown. As a result, employees with jobs that lend
themselves less to automation may face a lower risk of job loss or transformation than other workers in
forthcoming years.

Of course, the COVID-19 pandemic has had far more direct and immediate consequences on job
security. The pandemic has taught the world a lot about the risk of job loss during a lockdown. Workers
who had the highest level of job security during the pandemic included those whose job could be done
from home,? involved sufficient physical distancing, or was deemed essential by authorities. Jobs with
one or more of these characteristics may therefore be resilient to potential future pandemics and
associated lockdowns.?

1. In the Americas (North and South), robot density, defined as the number of multipurpose industrial robots in operation per
10,000 people employed in the manufacturing sector, increased by 7% annually, on average, between 2010 and 2016
(International Federation of Robotics 2018).

2. According to the Labour Force Survey, the proportion of employees working from home increased from 13% in 2018 to 27%
in July 2020.

3. Furthermore, jobs that can be done from home or that are deemed essential may also be secure during a natural disaster,
as long as homes and Internet connections have not been affected and essential services can continue to be delivered.
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Previous research has shown that several of these aspects of job security are unequally distributed. For
example, highly educated and high-wage workers are more likely than other workers to hold jobs that
can be done from home (Messacar, Morissette and Deng 2020) and that are less vulnerable to
automation (Frenette and Frank 2020). Highly educated workers are also generally less likely to lose their
job than their less-educated counterparts (Morissette and Qiu 2020). However, the evidence surrounding
temporary jobs is less clear. While workers in temporary jobs earn less per hour than those in permanent
jobs (Statistics Canada 2018), earlier research has revealed that the relationship between educational
attainment and the likelihood that a job is temporary follows a U-shaped pattern, and is highest among
workers with no high school diploma or university degree (Galarneau 2005).

Given the recent advances in artificial intelligence and the possibility of future pandemics,* it is important
to assess the groups of Canadian workers for which job security might be the highest (or the lowest) in
forthcoming years. The goal of this study is to inform this issue by developing a forward-looking measure
of job security. Specifically, it will estimate the proportion of Canadian employees® who hold ‘triple-
protected’ jobs, i.e., jobs that (a) have no predetermined end date; (b) have a low risk of being lost or
transformed due to automation; and (c) are resilient to pandemics.® It also quantifies the proportion of
employees who hold ‘single-protected’ and ‘double-protected’ jobs, i.e., jobs that have one or two of the
three aforementioned layers of job protection, respectively. Results are shown for individuals as well as
dual-earner couples.’

It should be emphasized that the study attaches no weight, either in likelihood (probability of job loss) or
in importance (loss of earnings conditional on job loss), to any of the three components of job security
listed above. The goal is to simply highlight three important dimensions of job security and to estimate
the proportion of workers employed in a job with none, one, two, or three of these dimensions.?

Detailed information on job security is perhaps more important now than ever as the economy recovers
from the COVID-19 pandemic. Although it is not clear what recovery will look like in the long run, one
possibility that has received a lot of attention is a K-shaped pattern, where different sectors or groups of
workers recover at different rates or extents. The degree of disparity in job security could be an important
factor in determining how well workers fare in the coming months or years. In turn, this could have
important implications for the evolution of income inequality in Canada.

4. According to a report summarizing a workshop with 22 experts on biodiversity and pandemics from around the world held in
July 2020, “[w]ithout preventative strategies, pandemics will emerge more often, spread more rapidly, kill more people, and
affect the global economy with more devastating impact than ever before.” (Intergovernmental Platform on Biodiversity and
Ecosystem Services 2020). However, the lessons learned from the COVID-19 pandemic (e.g., on data collection and sharing,
testing, or prevention) may help alleviate the economic impact of any future pandemics through more effective responses.
This study takes no position on the likelihood or severity of any future pandemic. Rather, it simply incorporates a measure of
resilience to a pandemic into a broader measure of job security.

5. Self-employed individuals are excluded from this study since the question on the permanent or temporary nature of the job
in the LFS is only asked of employees. For more details, see Appendix 1.

6. Jobs that are resilient to pandemics satisfy at least one of the three following conditions: (a) they can be done from home;
(b) they involve enough physical distancing (among workers and the public) to meet safety protocols; (c) they are deemed
essential by authorities. For more details, see Appendix 1.

7. See Appendix 1 for more details on the data and methods.

8. A more ambitious approach would incorporate the likelihood of job loss associated with each of these three dimensions with
the loss in earnings experienced as a result of dimension-specific types of job displacement. Such an approach requires,
among other things, data on earnings losses following (job displacement due to) a pandemic. These data are not currently
available.
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Two in five employees held a triple-protected job before the COVID-19
pandemic

Overall, two in five (40.7%) employees between the ages of 18 and 64 held a triple-protected job in 2019,
prior to the COVID-19 pandemic (Chart 1). Another 44.7% held a double-protected job, the majority of which
had no predetermined end date and were resilient to pandemics. As a result, 85.4% of employees held a job
with at least two layers of job protection. Most of the remaining employees (13.3%) held a single-protected
job, consisting almost entirely of jobs with no predetermined end date or jobs that were resilient to pandemics.
Only a very small percentage of workers held unprotected jobs, as defined in this study (1.3%).°

Chart 1
Percentage of employees, by level of job security, 2019
percent
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Note: The sample includes employees aged 18 to 64 with no self-employment income. Triple-protected jobs have no predetermined end date, have a low
risk of being lost or transformed due to automation, and are resilient to pandemics. Double-protected, single-protected, and unprotected jobs have two,
one, and none of these characteristics, respectively.

Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults, Wave 3 (2016); and U.S. Bureau of Labor
Statistics, Occupational Information Network (version 17.0).

Highly educated and high-wage workers were far more likely to hold a
triple-protected job

Different groups of workers had different levels of job security (Table 1).1° Men were somewhat more
likely to hold a triple-protected job (42.4%) than women (38.8%).* Similarly, Canadian-born individuals

9. Unprotected jobs are temporary jobs that have a relatively high risk of automation and are not resilient to pandemics.

10. Table 1 documents job security for worker and job characteristics (sex, age, immigration status, educational attainment,
hourly wage deciles) for which findings are generally robust, regardless of whether information on the risk of automation is
obtained at the individual level from the Longitudinal and International Study of Adults (LISA) or aggregated at the 4-digit
occupation level when using the Labour Force Survey (LFS). One limitation of the study is that estimates of the risk of
automation by industry or occupation are sensitive to this choice. For this reason, estimates of job security by occupation or
industry are not presented in Table 1.

11. Having access to alternative child care arrangements when schools and daycare shut down might reduce the risk of work
interruptions of employed parents with young children during pandemics. Alternative child care arrangements, or a lack
thereof, disproportionately affect employed women as there are significantly more lone mothers than lone fathers, and women
in couples continue to provide the majority of child care in the household (Frank and Frenette 2021). Unfortunately, the data
used in this study provide no information on child care arrangements. As a result, the measure of triple-job protection
examined here does not capture all aspects of job security.
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and long-term immigrants were somewhat more likely to hold a triple-protected job than recent
immigrants.

Table 1
Percentage of employees, by level of job security and socioeconomic characteristics
Unprotected Single- Double- Triple-
job protected job protected job protected job
percent
Overall 1.3 13.3 a4.7 40.7
Sex
Men 0.9 10.5 46.1 42.4
Women 1.7 16.2 43.3 38.8
Age groups
18 to 24 years 5.8 32.1 48.5 13.6
Student 105 43.2 40.1 6.1
Non-student 2.7 24.8 54.1 185
2510 34 years 1.0 12.3 43.8 42.9
35to 54 years 0.4 9.1 42.1 48.4
55 to 64 years 0.6 11.3 50.2 37.9
Immigration status
Born in Canada 12 133 44.4 41.1
Long-term immigrant (at least 10 years in Canada) 1.2 11.2 45.8 41.8
Recent immigrant (few er than 10 years in Canada) 2.0 16.4 46.1 35.4
Other 3.0 19.5 43.2 34.2
Highest level of educational attainment
Less than a high school diploma 1.9 17.4 64.5 16.2
High school diploma 2.6 20.5 54.7 22.2
Postsecondary certificate or diploma 0.9 13.0 49.9 36.2
Bachelor's degree 0.7 8.2 28.7 62.4
Above bachelor's degree 0.5 4.6 21.6 73.3
Hourly wage decile
Bottom 10% 6.1 35.9 48.8 9.2
2nd decile 35 27.6 56.4 125
3rd decile 0.9 17.4 61.4 20.3
4th decile 0.8 15.3 57.5 26.4
5th decile 0.4 11.2 56.3 32.1
6th decile 0.2 7.8 49.9 42.2
7th decile 0.4 5.9 43.4 50.3
8th decile 0.2 3.8 317 64.3
9th decile 0.1 2.8 233 73.9
Top 10% 0.0 13 115 87.2

Notes: The sample includes employees aged 18 to 64 w ith no self-employment income. Individuals in the "other" category of
immigration status include those w ho are neither landed immigrants nor Canadian-born. Triple-protected jobs have no predetermined
end date, have a low risk of being lost or transformed due to automation, and are resilient to pandemics. Double-protected, single-
protected, and unprotected jobs have tw o, one, and none of these characteristics, respectively.

Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults, Wave 3 (2016); and
U.S. Bureau of Labor Statistics, Occupational Information Netw ork (version 17.0).

Differences in job security were larger across age groups, education levels and pay rates. Only 13.6% of
young employees (aged 18 to 24) held a triple-protected job, compared with at least 37.9% of employees
aged 25 and over. Conversely, young workers were far more likely to hold a single-protected job (32.1%)
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than their older counterparts (between 9.1% and 12.3%). Among 18- to 24-year-olds, students were much
less likely to hold a triple-protected job (6.1%) than non-students (18.5%).

Job security varied even more across education levels. While fewer than 1 in 4 high school graduates
held a triple-protected job, at least 6 in 10 postsecondary degree holders did. In fact, there is a clear,
positive and monotonic relationship between a worker’s highest education level and their probability of
holding a triple-protected job. Conversely, individuals with lower levels of education were much more
likely to hold a single-protected or double-protected job.

The largest differences in job security were observed in the distribution of hourly wages. While only 9.2%
of employees in the bottom decile of the wage distribution held a triple-protected job, 87.2% of those in
the top decile did. Consequently, highly educated and high-wage workers were far more likely than other
workers to hold a triple-protected job.

Spouses who both had a degree were seven times more likely to both have
a triple-protected job than couples with no postsecondary credential

Individual job security is a very important measure of potential well-being. However, the economic well-
being of families not only depends on the level of job security of one individual, but often on the job
security of both spouses. This is especially true in turbulent economic times, as job loss is a real
possibility, and affected couples may need to rely on the spouse who kept their job. Chart 2 shows the
proportion of dual-earner couples where both spouses held a triple-protected job, by the highest level of
educational attainment of both spouses.!?

Chart 2
Percentage of dual-earner couples where both earners hold a triple-protected job, by highest level of
educational attainment, 2019

percent
60
50
40
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20
) . . l
I
Both spouses have a Husband has a Wife has a Both spouses have a Husband has a Wife has a bachelor's Both spouses have
high school diploma postsecondary postsecondary postsecondary bachelor's degree or  degree or above, a bachelor's degree
or less certificate or certificate or diploma, certificate above, wife does not husband does not or above
diploma, wife has husband has high or diploma have a degree have a degree
high school or less school or less

Highest level of educational attainment

Note: The sample includes married or common-law couples where both spouses are employees, are aged 18 to 64, and have no self-employment income.
Triple-protected jobs have no predetermined end date, have a low risk of being lost or transformed due to automation, and are resilient to pandemics.
Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults, Wave 3 (2016); and U.S. Bureau of Labor
Statistics, Occupational Information Network (version 17.0).

The results indicate that highly educated couples are far more likely to have both spouses hold a triple-
protected job than their less educated counterparts. Of all dual-earner couples where both spouses have

12. The wage and education gradients are similar for individuals and single-earner couples. These results are available upon
request.

Statistics Canada 6 Economic and Social Reports
Catalogue no. 36-28-0001 Vol. 1, no. 6, June 2021



Insights Job security in the age of artificial intelligence and potential pandemics

at least a bachelor’s degree, 55.7% have triple-protected jobs for both spouses. This percentage is seven
times higher than the percentage for couples in which both spouses have a high school diploma or less
(8.2%). Even in couples where both members have a postsecondary certificate or diploma, only 18.4%
have triple-protected jobs for both spouses. This gradient is substantially larger than what Table 1
suggests for individuals. For example, individuals with a bachelor's degree or above were only about
three times as likely to hold a triple-protected job as those with a high school diploma or less.*®

Chart 2 also highlights the importance of both spouses having achieved a certain level of education rather
than only one of them. For example, couples where both spouses had a degree were far more likely to
have both spouses hold a triple-protected job (55.7%) than couples where only one spouse had a degree
(29.5% when the husband held a degree and 35.5% when the wife held a degree). Similarly, 18.4% of
couples where both spouses had a postsecondary certificate or diploma enjoyed triple protection for both
spouses, considerably higher than the rate observed among couples where only one spouse held a
postsecondary certificate or diploma (11.5% among couples where the husband held the credential, and
11.7% among couples where the wife held the credential).

Spouses in the top earnings decile were about 20 times more likely to both
have a triple-protected job than couples in the bottom decile

Whether COVID-19 will have long-term implications for income inequality is unknown at this point. However,
if automation and telework become more common as a result of technology and the pandemic, dual-earner
couples at the top of the earnings distribution are likely to be in a better position to deal with economic
uncertainties than those at the bottom. More than three-quarters (77.0%) of couples in the top decile of the
earnings distribution have both spouses in a triple-protected job, about 20 times higher than their counterparts
in the bottom decile (3.5%) (Chart 3). Couples in the top decile are also roughly four times more likely to have
both spouses employed in a triple-protected job than couples in the fifth decile (18.3%).

Once again, the disparities among dual-earner couples are larger than those reported among individuals
in Table 1. For example, individuals in the top decile of the hourly wage distribution were only 9.5 times
more likely to hold a triple-protected job than those in the bottom decile.

13. One possible explanation for this result is assortative mating—the notion that individuals tend to marry based in part on
shared similar characteristics such as education or wages.
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Chart 3
Percentage of dual-earner couples where both earners hold a triple-protected job, by family
earnings decile, 2019
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Note: The sample includes married or common-law couples where both spouses are employees, are aged 18 to 64, and have no self-employment income.
Triple-protected jobs have no predetermined end date, have a low risk of being lost or transformed due to automation, and are resilient to pandemics.
Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults, Wave 3 (2016); and U.S. Bureau of Labor
Statistics, Occupational Information Network (version 17.0).

Couples living in Ottawa, Toronto, Outaouais, and Montréal were the most
likely to have triple-protected jobs for both spouses

The degree of job security enjoyed by workers depends largely on the nature of work involved, which in
turn varies considerably by economic region. Couples working in economic regions with large cities are
generally more likely to have both spouses employed in a triple-protected job (Chart 4). At the very top
is Ottawa, home to many government departments and high-tech companies. In general, many jobs in
the government and high-tech sectors require a relatively high level of educational attainment and are
often in office settings. These two factors may, to some extent, explain why 43.4% of all dual-earner
couples in Ottawa have both spouses employed in a triple-protected job. Outaouais, which is next to
Ottawa on the Quebec side, also ranks high, with 33.6% (third place). Toronto (37.6%) and Montréal
(33.1%) rank second and fourth place, respectively. Other regions with large cities occupy most of the
other top spots in the ranking.

At the opposite end of the spectrum are small communities with no large cities. South Coast-Burin
Peninsula and Notre Dame—Central Bonavista Bay (Newfoundland and Labrador) ranks last (7.8%),
followed by Yorkton—-Melville in Saskatchewan (12.6%), and West Coast-Northern Peninsula—Labrador,
also in Newfoundland and Labrador (12.7%).

Taken together, these numbers highlight a rural-urban divide in job security.
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Chart 4
Percentage of dual-earner couples where both earners have a triple-protected job, by economic region,
2019

Economic region
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Saint John-St. Stephen (NB)
Winnipeg (MB)

Hamilton-Niagara Peninsula (ON)
Fredericton-Oromocto (NB)
Kitchener-Waterloo-Barrie (ON)
Cote-Nord et Nord-du-Québec (QC)
Saskatoon-Biggar (SK)

Red Deer (AB)

Avalon Peninsula (NL)
Muskoka-Kawarthas (ON)

North Coast and Nechako (BC)
Wood Buffalo-Cold Lake (AB)
Laval (QC)

Laurentides (QC)

Vancouver Island and Coast (BC)
Stratford-Bruce Peninsula (ON)
South Central and North Central (MB)
Abitibi-Témiscamingue (QC)
Kingston-Pembroke (ON)
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Montérégie (QC)

Prince Albert and Northern (SK)
Southeast (MB)
Lethbridge-Medicine Hat (AB)
London (ON)

Northeast (ON)

Estrie (QC)

Thompson-Okanagan (BC)
Parklands and North (MB)
Chaudiére-Appalaches (QC)
Cariboo (BC)

Northeast (BC)

Windsor-Sarnia (ON)

Prince Edward Island (PE)
Lanaudiere (QC)

Mauricie (QC)

Northwest (ON)
Centre-du-Québec (QC)
Bas-Saint-Laurent (QC)
Saguenay-Lac-Saint-Jean (QC)
Cape Breton (NS)
Edmundston-Woodstock (NB)
North Shore (NS)

Southern (NS)
Campbellton-Miramichi (NB)
Banff-Jasper-Rocky Mountain House and Athabasca-Grande Prairie-Peace River (AB)
Annapolis Valley (NS)
Gaspésie-{les-de-la-Madeleine (QC)
Swift Current-Moose Jaw (SK)
Kootenay (BC)
Camrose-Drumbheller (AB)

West Coast-Northern Peninsula-Labrador (NL)
Yorkton-Melville (SK)

South Coast-Burin Peninsula and Notre Dame-Central Bonavista Bay (NL)
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Note: The sample includes married or common-law couples where both spouses are employees, are aged 18 to 64, and have no self-employment income.
Triple-protected jobs have no predetermined end date, have a low risk of being lost or transformed due to automation, and are resilient to pandemics. NL:
Newfoundland and Labrador; PE: Prince Edward Island; NS: Nova Scotia; NB: New Brunswick; ON: Ontario; QC: Quebec; MB: Manitoba; SK: Saskatchewan; AB:
Alberta; BC: British Columbia.

Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults, Wave 3 (2016); and U.S. Bureau of Labor Statistics,
Occupational Information Network (version 17.0).
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Conclusion

Job security is sometimes measured by the extent to which a job is temporary or permanent (i.e., whether
or not it has a predetermined end date). However, recent developments in artificial intelligence and the
COVID-19 pandemic have created two new potential sources of job insecurity. To address these new
realities, this study developed a new measure of job security that incorporates three layers of employment
protection. More precisely, the study re-examines Canadians’ job security by defining a triple-protected
job as one that has no predetermined end date, has a low risk being lost of transformed due to
automation, and is resilient to pandemics.

The study shows that two in five employees held triple-protected jobs in Canada in 2019, prior to the
COVID-19 pandemic. However, such jobs were unequally distributed across workers, families, and
regions. Highly educated and high-wage workers were the most likely to hold such jobs. Likewise, highly
educated dual-earner couples and dual-earner couples in the top decile of the earnings distribution were
much more likely to have triple-protected jobs for both spouses than other dual-earner couples. In fact,
the disparities in triple job protection by education and earnings were larger among dual-earner couples
than among individuals. Finally, couples living in economic regions with large cities were far more likely
to enjoy relatively high levels of job security than those living in small towns and rural areas. Note that
these results attach no weight, either in likelihood (probability of job loss) or in importance (loss of
earnings conditional on job loss), to any of the three conditions of job security examined in this study.

The findings of this study suggest that further developments in artificial intelligence and potential
pandemics may exacerbate family income inequality in the years to come. As such, they inform
discussions on important issues such as inclusive growth and economic resilience. Whether increases in
family income inequality will materialize as a result of these new realities is an important question for
future research as well as for statistical agencies in industrialized countries.

Appendix 1. Data and methods

Three data sets are used in this study: Statistics Canada’s 2019 Labour Force Survey (LFS), the 2016
(Wave 3) Longitudinal and International Study of Adults (LISA), and the Occupational Information
Network (O*NET), version 17.0 from the U.S. Bureau of Labor Statistics.

The sample of workers in the LFS consists of employees!* aged 18 to 64 and for which information about
the risk of automation is available in LISA based on their occupation. Because LISA has information on
the risk of automation for 454 occupations (out of 500), this working sample captures 94% of the
population of employees aged 18 to 64. The sample of couples includes married or common-law couples
in the LFS in which both spouses are employees, are aged 18 to 64, and have no self-employment
income. This sample excludes single-earner couples, dual-earner couples with self-employment income,
and dual-earner couples for which information on the risk of automation cannot be derived from LISA. It
captures 46.9% of the population of working couples.

Triple-protected jobs satisfy the three following conditions: (a) they have no predetermined end date, (b) they
have a low risk of being lost or transformed due to automation, and (c) they are resilient to pandemics.

Information on jobs with no predetermined end date is taken from the LFS, using the distinction between
permanent jobs and temporary jobs.

14. Self-employed individuals are excluded from this study since the question on the permanent or temporary nature of the job
in the LFS is only asked of employees.
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Information on the risk of automation is obtained from LISA, using a methodology developed by Arntz,
Gregory and Zierahn (2016) and applied to the Canadian context by Frenette and Frank (2020).
Individual-level estimates of the likelihood of holding a job that can be automated are aggregated at the
occupation level, using 4-digit occupations from the 2011 National Occupation Classification (NOC 2011).
Individuals are deemed to hold a job with a low risk of automation if the average likelihood of holding
such a job, measured at the 4-digit occupation level, is less than 50%.

Jobs that are resilient to pandemics satisfy at least one of the three following conditions: (a) they can be
done from home, (b) they involve enough physical distancing (among workers and the public) to meet
safety protocols, or (c) they are deemed essential by authorities.

Jobs that can be done from home are identified using the telework feasibility indicator developed by
Dingel and Neiman (2020) and applied to the Canadian context by Messacar, Morissette and Deng
(2020). This measure uses a crosswalk between the U.S. Standard Occupational Classification (SOC) of
2010 and the National Occupational Classification (NOC) of 2011 introduced in Frenette and Frank
(2017), as well as information from O*NET.

Two metrics are used to determine whether jobs involve enough physical distancing to meet safety
protocols: (a) they are in industries where there are no large crowds and physical distancing is sufficient
among employees and the public (determined in this study), and (b) they are in occupations that do not
require close physical proximity among workers (as measured by O*NET); i.e., working at arm’s length
or very close to (nearly touching) other colleagues.

Similarly, two metrics are used to determine whether jobs are deemed essential by authorities: (a) the
proportion of jobs in industries that provide critical goods and services; and (b) the proportion of jobs in
occupations related to critical infrastructure, as determined by the Labor Market Information Institute and
the Council for Community and Economic Research in the United States (and augmented with manual
edits in this study).*®

The first metric is intentionally designed to provide a narrow definition of essential services. For example,
it excludes industrial gas manufacturing (North American Industry Classification System [NAICS] code
315120), an industry that produces oxygen, among other things. In addition, potash mining (NAICS code
212396) is excluded even though potash serves as an input to fertilizer manufacturing, which is included
in the first metric. The first metric covers 36.7% of the jobs held by employees aged 18 to 64 (Appendix
Table 1). The second metric is a more inclusive measure and covers 62.5% of the jobs held by employees
in this age group. Use of two measures that cover markedly different proportions of the workforce is
deliberate: it is intended to test the robustness of the results against very different concepts of essential
jobs. If the main findings of the study are the same regardless of the metrics—as they turn out to be—
this gives greater confidence that the results are not sensitive to the definition of essential services.

15. Public Safety Canada outlines a list of workers that provide essential services and functions by critical infrastructure sector
(see Public Safety Canada 2021). Neither industry classifications nor occupation classifications can rigorously match this list
of workers. As a result, the two metrics used in this study should be viewed as very rough approximations of this list, rather
than as an official concordance. More importantly, estimates of the percentage of employees in triple-protected jobs are
almost identical regardless of the metric used. The lists of industries and occupations where there is enough physical
distancing or that provide critical services are available from the authors upon request.
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Appendix Table 1
Job characteristics

Jobs included
Characteristics of jobs held by employees in metric

percent
Triple-protection characteristiscs

Jobs w ith no predetermined end date 89.2
Jobs with a low risk of automation 48.0
Jobs that can be done from home 41.4

Essential services
Jobs in essential industries 36.7
Jobs in essential occupations 62.5

Physical distancing

Jobs in industries w ith enough physical distancing 63.5

Jobs in occupations w ith enough physical distancing 76.3
Work from home and physical distancing

Jobs that can be done from home or are in industries with enough physical distancing 76.5

Jobs that can be done from home or are in occupations with enough physical distancing 82.9
Resiliency to pandemics

Jobs resilient to pandemics, version 1 87.6

Jobs resilient to pandemics, version 2 83.3

Jobs resilient to pandemics, version 3 91.3

Jobs resilient to pandemics, version 4 87.9

Triple protection

Triple-protected jobs, version 1 40.7
Triple-protected jobs, version 2 40.0
Triple-protected jobs, version 3 41.1
Triple-protected jobs, version 4 41.3

Notes: The sample includes employees aged 18 to 64 w ith no self-employment income. Triple-protected jobs
have no predetermined end date, have a low risk of being lost or transformed due to automation, and are
resilient to pandemics. Version 1 (2) of w hether jobs are resilient to pandemics combines estimates of the
proportion of jobs in industries involving enough physical distancing w ith estimates of the proportion of jobs in
essential occupations (industries). Version 3 (4) of w hether jobs are resilient to pandemics combines estimates
of the proportion of occupations involving enough physical distancing w ith estimates of the proportion of jobs in
essential occupations (industries).

Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults,
Wave 3 (2016); and U.S. Bureau of Labor Statistics, Occupational Information Netw ork (version 17.0).

By combining the two measures of jobs with enough physical distancing with the two measures of jobs
that provide essential services, four measures of resilience to pandemics are constructed.®

Appendix Table 1 shows that between 76.5% and 82.9% of jobs can be done from home or are in
industries/occupations that involve enough physical distancing. This finding is important, as it implies that
even before considering essential services, the vast majority of jobs are resilient to pandemics. This helps
to understand why adding essential services only slightly increases the percentage of pandemic-resilient
jobs; depending on the resilience measure considered, the percentage of jobs that are resilient to
pandemics varies between 83.3% and 91.3%. As a result, even though the two measures of essential

16. Between December 2019 and December 2020, employment in resilient jobs barely changed (growth ranging from 0.5% to -
0.5%, depending on the definition of a resilient job), whereas employment in non-resilient jobs fell considerably (growth
ranging from -14.7% to -18.9%).
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services differ by roughly 25 percentage points (36.7% versus 62.5%), the various resilience measures
end up differing by at most 8 percentage points. Most importantly, the share of workers employed in a
triple-protected job hardly varies across the four versions (from 40.0% to 41.3%).

Appendix Table 2 reveals the degree to which estimates of the percentage of workers in triple-protected
jobs are sensitive to the choice of the measure used to define jobs that are resilient to pandemics. Version
1 (2) of this measure combines estimates of the proportion of jobs in industries involving enough physical
distancing with estimates of the proportion of jobs in essential occupations (industries). Version 3 (4)
combines estimates of the proportion of jobs in occupations involving enough physical distancing with
estimates of the proportion of jobs in essential occupations (industries). From these four versions of
pandemic-resilient jobs, four estimates of the percentage of workers in triple-protected jobs are derived.

Appendix Table 2
Robustness of job security estimates

Job has no| Jobhas a

predetermined| low risk of Job is resilient to pandemics Job is triple-protected
end date| automation| Version 1 Version 2 Version 3 Version 4| Version 1 Version 2 Version 3 Version 4
percent
Overall 89.2 48.0 87.6 83.3 91.3 87.9 40.7 40.0 41.1 41.3
Sex
Men 90.3 48.1 91.7 85.5 94.2 92.3 424 41.9 42.9 43.2
Women 88.2 47.8 83.2 81.0 88.3 83.3 38.8 38.1 39.1 39.3
Age
18 to 24 years 75.0 24.3 70.5 61.3 82.3 77.3 13.6 133 14.6 15.2
Student 65.2 19.0 57.7 47.8 76.6 70.5 6.1 5.9 7.9 8.3
Non-student 815 27.8 79.1 70.2 86.1 81.8 185 18.2 19.0 19.7
25 to 34 years 88.6 52.4 87.5 83.5 90.8 87.7 429 42.0 433 435
35to 54 years 92.7 54.2 91.5 88.3 93.6 90.2 48.4 47.6 48.7 48.8
55 to 64 years 91.9 43.3 90.3 87.1 93.2 90.6 37.9 37.6 38.1 38.6
Immigration status
Born in Canada 89.5 48.5 87.4 83.7 91.1 88.4 411 40.5 415 41.7
Long-term immigrant (at least 10 years in
Canada) 90.9 48.6 88.8 84.4 92.7 88.1 41.8 41.2 42.3 42.6
Recent immigrant (few er than 10 years in
Canada) 85.4 42.7 86.9 79.4 90.9 84.3 35.4 34.1 35.7 35.9
Other 80.5 43.7 84.5 75.2 88.6 82.2 34.2 33.7 34.1 34.7
Highest level of educational attainment
Less than a high school diploma 87.7 214 86.0 74.9 89.1 84.3 16.2 16.2 16.4 17.2
High school diploma 87.3 29.2 80.1 73.5 87.4 84.5 22.2 22.3 22.7 23.7
Postsecondary certificate or diploma 90.8 42.5 88.2 85.2 91.0 86.5 36.2 35.4 36.6 36.7
Bachelor's degree 89.4 71.6 91.8 89.2 94.5 92.7 62.4 61.1 62.9 62.8
Above bachelor's degree 89.1 82.7 96.0 93.9 97.2 94.5 733 72.3 73.2 722
Hourly wage decile
Bottom 10% 80.3 15.7 65.1 53.1 78.1 73.0 9.2 9.1 9.4 10.2
2nd decile 83.3 21.6 73.0 61.9 84.1 79.3 125 12.4 13.1 14.3
3rd decile 87.1 29.6 84.3 779 89.2 85.3 20.3 195 20.9 22.0
4th decile 87.1 35.1 87.3 84.5 90.6 84.0 26.4 25.8 26.8 27.6
5th decile 89.4 40.3 90.5 88.1 93.3 88.6 321 315 32.6 334
6th decile 91.0 49.9 93.1 91.6 94.8 92.2 422 41.4 425 429
7th decile 91.4 58.2 94.1 92.3 94.5 92.7 50.3 49.6 50.9 50.8
8th decile 93.7 70.4 96.0 94.4 95.5 94.5 64.3 62.9 64.5 63.5
9th decile 94.4 79.2 97.5 96.6 97.2 95.5 73.9 72.8 74.3 72.8
Top 10% 96.7 90.9 98.3 97.9 98.0 97.6 87.2 86.8 87.4 86.9

Notes: The sample includes employees aged 18 to 64 w ith no self-employment income. Individuals in the "other" category of immigration status include those w ho are neither landed
immigrants nor Canadian-born. Triple-protected jobs have no predetermined end date, have a low risk of being lost or transformed due to automation, and are resilient to pandemics.
Double-protected, single-protected, and unprotected jobs have tw o, one, and none of the characteristics of triple-protected jobs, respectively. Version 1 (2) of w hether a job is
resilient to pandemics combines estimates of the proportion of jobs in industries involving enough physical distancing w ith estimates of the proportion of jobs in essential
occupations (industries). Version 3 (4) of w hether a job is resilient to pandemics combines estimates of the proportion of occupations involving enough physical distancing w ith
estimates of the proportion of jobs in essential occupations (industries).

Sources: Statistics Canada, Labour Force Survey, 2019, and Longitudinal and International Study of Adults, Wave 3 (2016); and U.S. Bureau of Labor Statistics, Occupational
Information Netw ork (version 17.0).
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The last four columns of Appendix Table 2 show that regardless of how resilience to pandemics is
measured, the estimates of the percentage of workers in triple-protected jobs across various
socioeconomic characteristics are very similar. To some extent, this similarity is not surprising. It results
in part from the fact that triple-protected jobs must satisfy three conditions.!” As a result, any individual
whose job is temporary or has a high risk of automation will be excluded from the set of workers with a
triple-protected job, regardless of whether or not the job can be done from home, involves enough
physical distancing or provides essential services. This implies that regardless of the metric used to define
essential services, workers who hold a temporary job or a job with a high risk of automation will be
excluded from the set of workers in a triple-protected job. For example, the fact that 21.4% of employees
with no high school diploma have a job with a low risk of automation implies that 21.4% at most of such
employees will end up in a triple-protected job, regardless of the definition of essential services used.
Similar patterns are observed for employees aged 25 to 64 and for dual-earner couples (results available
upon request).

Although the results are robust to the different versions of triple-protected job indicators, the study adopts
version 1 in order to be concise.
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