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BCG

Boston Consulting Group partners with leaders

in business and society to tackle their most
important challenges and capture their greatest
opportunities. BCG was the pioneer in business
strategy when it was founded in 1963. Today,

we work closely with clients to embrace a
transformational approach aimed at benefiting all
stakeholders—empowering organizations to grow,
build sustainable competitive advantage, and
drive positive societal impact.

Our diverse, global teams bring deep industry
and functional expertise and a range of
perspectives that question the status quo and
spark change. BCG delivers solutions through
leading-edge management consulting, technology
and design, and corporate and digital ventures.
We work in a uniquely collaborative model across
the firm and throughout all levels of the client
organization, fueled by the goal of helping our
clients thrive and enabling them to make the
world a better place.

FATHM

Faethm Al is the world’s data source to
understand the impact of automation on
economies, industries, companies, jobs, tasks,
skills and people.

Faethm’s SaaS Al platform was launched in 2017
and has grown rapidly to now serve Governments
and Companies in 21 industries and 26 countries
from offices in Sydney, London and Austin. A
sophisticated knowledge graph and multiple

Als underpin platform modules that deliver

data and insights about automation, reskilling
and retraining workers for new jobs, economic
and investment scenario modelling and COVID
resilience and remote working.

In 2018 Faethm was one of the first companies
globally to be invited to join the World Economic
Forum’s Centre for the Fourth Industrial Revolution.
Awards since include the Tech Rocketship award
for Al from the UK Government’s Department
for International Trade, the Skills Bridge award
from the Government of Luxembourg and Best
New Tech Platform from the Australian Computer
Society.
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The Future of Jobs in the Era of Al

The increasing adoption of automation, artificial intelligence (Al),
and other technologies suggests that the role of humans in the econ-
omy will shrink drastically, wiping out millions of jobs in the process.
COVID-19 accelerated this effect in 2020 and will likely boost digitiza-
tion, and perhaps establish it permanently, in some areas.

However, the real picture is more nuanced: though these
technologies will eliminate some jobs, they will create
many others. Governments, companies, and individuals all
need to understand these shifts when they plan for the
future.

BCG recently collaborated with Faethm, a firm specializing
in Al and analytics, to study the potential impact of various
technologies on jobs in three countries: the US, Germany,
and Australia. Using the underlying demographics in each
country, we developed detailed scenarios that model the
effects of new technologies and consider the impact of the
pandemic on GDP growth. (See Appendix A.)

One key finding is that the net number of jobs lost or
gained is an artificially simple metric to gauge the impact
of digitization. For example, eliminating 10 million jobs
and creating 10 million new jobs would appear to have
negligible impact. In fact, however, doing so would repre-
sent a huge economic disruption for the country—not to
mention for the millions of people with their jobs at stake.
Therefore, policymakers and countries that want to under-
stand the implications of automation need to drill down
and look at disaggregated effects. Understanding the fu-
ture of jobs is a tall order, but the groundbreaking analysis
we conducted helps governments, companies, and individ-
uals take the critical first step to prepare for what is to
come.

THE FUTURE OF JOBS IN THE ERA OF Al



Three

Components
of Workforce
Imbalances

find difficult or time-consuming to do, but they tend to

work less effectively in tasks that humans find easy to do.
Although new technologies will eliminate some occupa-
tions, in many areas they will improve the quality of work
that humans do by allowing them to focus on more strate-
gic, value-creating, and personally rewarding tasks.

‘ n general, computers perform well in tasks that humans

To understand the potential impact of new technologies on
future workforces, we looked at three components of im-
balances in the US, Germany, and Australia:

« Workforce Supply and Demand. We analyzed all
elements that affect a nation’s full-time equivalent (FTE)
workforce, including the number of college graduates
and the rates of retirement, mortality, and migration.
And we used standardized job taxonomies on a very
granular level for both supply and demand. The taxono-
mies were based on 22 common job family groups, and
close to 100 job families, found in countries all around
the world. The three countries we studied for our analy-
sis, however, showed slight variations in the numbers of
job families—93 for the US, 86 for Germany, and 82 for
Australia—because of differences in their national taxon-
omies. (See Exhibit 1.)



Exhibit 1 - Methodology to Project Workforce Supply and Demand in 2030

Categorizing jobs

Job family groups encompass similar
occupations and represent the first level of
categorization. They include, for example:

e Production occupations

Workforce supply

Total available workforce split by job family and age

« Working population (including regular employees, self-employed people, and civil
servants)

« Unemployed population

« Business and financial operations
occupations

Job families represent the second level of
categorization, such as:

o Metal and plastic workers

e Financial specialists ¢

Entries into workforce
@ Graduates from education system
@ Net migration

@ Additions due to technology

Exits from workforce
@ Retirement
@ Mortality

Workforce demand

Total workforce demand split by job family and year
« Working population (including regular employees, self-employed people, and civil
servants)

Job reductions
@ Automation

Number of job Number of .
family groups ~ job families * Open positions
us 22 93 Job creation
Germany 22 86
Australia 22 82

Sources: Faethm; BCG analysis.

Note: All national-level data drawn from federal statistics offices.

o Technology. To model the impact of technology, we
used analytics provided by a Faethm platform to develop
three sets of circumstances with different tech adoption
rates. The technologies under consideration included
programmed intelligence (predefined technologies, such
as process automation and robotics), narrow Al (reactive
technologies, such as tools that use machine learning
to recognize and organize data), broad Al (proactive
technologies that can sense external stimuli and make
decisions), and reinforced Al (selfimproving technolo-
gies, such as fully autonomous robots or those that can
solve unstructured, complex problems). (See Appendix
B.) We considered the medium adoption rate to be the
standard, but we also evaluated adoption rates that were
25% faster and 25% slower than the standard in our
analysis.

o GDP Growth. Given the continuing and dynamic evo-
lution of the pandemic, we used two major COVID-19
projections to simulate future GDP growth: one is a
baseline, while the other is more severe and has a longer
recovery time. We leveraged data from Oxford Econom-
ics for both projections from 2018 up to 2025 and then
used the baseline projections to extrapolate growth to
2030.

Nontech job gains due to
economic growth

Augmentation-based efficiency
increases

Looking at all of these factors gave us an aggregate impact
of automation and economic growth on national workforc-
es by 2030. Two economic forecasts, and three possible
technology adoption rates, led to a total of six possible
scenarios:

o Baseline COVID-19 projection: high, medium, or low
rate of technology adoption

» Severe COVID-19 projection: high, medium, or low rate
of technology adoption

Throughout this report, unless mentioned otherwise, we
will refer to the midrange scenario, which comprises a
baseline GDP forecast in response to the pandemic and a
medium rate of technology adoption.

We find that the US will likely experience a labor shortfall
in its workforce of 0.9% to 4.4% by 2030. Germany will also
experience a shortfall, of 0.5% to 4.1%. And although Aus-
tralia will experience a labor shortfall of up to 3.7% in the
baseline scenario, it will experience a labor surplus of up to
4.0% if the pandemic causes a more severe impact on GDP
growth. (See Exhibit 2.) These consolidated gaps are the
difference between the total supply and the total demand
in the future workforce for each country. This net number,
however, is only an initial indication, and policymakers and
business leaders need to look at the disaggregated per-
spective to see the full picture. Our research also reveals
that automation will reduce the number of both unskilled
jobs and white-collar positions.

THE FUTURE OF JOBS IN THE ERA OF Al



The two additional sets of technology adoption circum- er surpluses in others that are more prone to automation.
stances that we considered would influence the labor curve Slower adoption rates would lead to a less severe impact
accordingly. Faster adoption rates would lead to greater on the labor force. In total, the effect would be lower work-
demand for people in specific occupations as well as great- force demand.

Exhibit 2 - Differences in Workforce Supply and Demand in Focus Countries

United States
Workforce (millions of FTESs)

170
160 | T  honalt 4
............... M e
................................... (6.7 million)
Workforce supply T e
""" ST = ¥YV¥ Shortfall: 0.9%
150 -
......................................... (1.4 million)
140
2020 2022 2024 2026 2028 2030

Germany
Workforce (millions of FTESs)

38

Workforce supply
............................................................................................... chortfall 410
36 (1.4 million)
Shortfall: 0.5%
0.2 million
34 ¢ )
32
2020 2022 2024 2026 2028 2030

Australia

Workforce (millions of FTESs)

T Shortfall: 3.7%

............. I (0.5 million)

I Surplus: 4.0%
12 .
(0.5 million)
Workforce supply
11
10 7R
2020 2022 2024 2026 2028 2030

Workforce demand

— Baseline COVID-19 projection, medium rate of technology adoption — Severe COVID-19 projection, medium rate of technology adoption
----- Baseline COVID-19 projection, high and low rates of technology adoption -+ Severe COVID-19 projection, high and low rates of technology adoption

Sources: Faethm; BCG analysis.

Note: FTEs = full-time equivalents.



A Closer Look
at Three
Markets

aking the qualifications of the workforce into account
‘ in the form of job family groups generates a much

more detailed picture.
United States. Talent shortfalls in key occupations, such
as computer and mathematics, for the midrange scenario
is set to soar from 571,000 in 2020 to 6.1 million by 2030.
(See Exhibit 3.) The deficit in supply of architecture and
engineering workers is also set to rise sharply, from 60,000
in 2020 to 1.3 million in 2030. So even though the coun-
try’s overall supply of labor is projected to rise, the US will
face significant deficits in crucial fields. In fact, the sum of
all job family groups with a shortfall is 17.6 million. Tech-
nology and automation will also drive people out of work in
the US, particularly in office and administrative support,
where the surplus of workers will rise from 1.4 million in
2020 to 3.0 million in 2030.



Exhibit 3 - US Shortfalls and Excesses by 2030

Baseline COVID-19 projection Severe COVID-19 projection
2020 2025 2030 2020 2025 2030

Sum of surpluses and shortfalls
(millions of FTEs)

Cumulative surplus

Cumulative shortfall

Gap between workforce supply and demand
(thousands of FTES)

Gap in current supply (%)

=50%

Job family groups

Cumulative surplus
+50%

Architecture and engineering

Arts, design, entertainment, sports, and media
Building and grounds cleaning and maintenance
Business and financial operations

Community and social services

Computer and mathematics

Construction and extraction

Educational instruction and library

Farming, fishing, and forestry

Food preparation and service

Health care practitioners and technical support
Health care support

Installation, maintenance, and repair

Legal

Life, physical, and social sciences

Management

Office and administrative support

Personal care and service

Production

Protective service

Sales and related fields

1,389 1,609 1,985

Transportation and material moving

Total

Sources: Faethm; BCG analysis.

Note: Aggregate results calculated by summing all surpluses and shortfalls within the 22 job families. Because of rounding, not all numbers add up
to the totals shown.

BOSTON CONSULTING GROUP X FAETHM
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Germany. Germany is also projected to have a shortfall of
talent in computer and mathematics by 2030: 1.1 million.
(See Exhibit 4.) The next most severely affected job family
groups are educational instruction and library occupations
(346,000) as well as health care practitioners and technical
occupations (254,000). Yet Germany’s overall shortfall of
talent does not preclude workforce surpluses: production
occupations, for example, are expected to rise from
764,000 in 2020 to 801,000 by 2030. This is a very good
example of the shift from jobs with repetitive tasks in
production lines to those in the programming and mainte-
nance of production technology—and thus the need for
significant reskilling (teaching employees entirely new
skills needed for a different job or sector) and upskilling
(giving employees upgraded skills to stay relevant in a
current occupation).

Australia. Australia will experience difficulties in filling
jobs in certain sectors, although the overall workforce
supply looks less stretched. The greatest shortfall by far
exists again in computer and mathematics, where the
figure will rise to 333,000 by 2030. (See Exhibit 5.) The
three job family groups with the next most significant
shortfalls are management; health care practitioners and
technical support; and business and financial operations.

BOSTON CONSULTING GROUP X FAETHM

However, technology will exacerbate Australia’s workforce
surplus in certain sectors. For example, in production, the
surplus will stay high, rising slightly—to 118,000—by 2030.
And with technology taking over mundane, repetitive tasks,
the surplus in office and administrative is expected to rise
from 161,000 in 2020 to 180,000 by 2030. Nonetheless, the
sum of all job family groups with a surplus is 0.6 million,
while the sum of all job family groups with a shortfall is a
cumulative 1.0 million jobs. Combining the two cumulative
figures of shortfalls and surpluses gives the net workforce
imbalances.



Exhibit 4 - Shortfalls and Excesses in Germany by 2030

Baseline COVID-19 projection Severe COVID-19 projection
2020 2025 2030 2020 2025 2030

Sum of surpluses and shortfalls
(millions of FTESs)

Cumulative surplus

Cumulative shortfall

Gap between workforce supply and demand
(thousands of FTES)

Gap in current supply (%)

Cumulative shortfall _ Cumulative surplus
—50% +50%

Job family groups

Architecture and engineering

Arts, design, entertainment, sports, and media
Building and grounds cleaning and maintenance
Business and financial operations

Community and social services

Computer and mathematics

Construction and extraction

Educational instruction and library

Farming, fishing, and forestry

Food preparation and service

Health care practitioners and technical support
Health care support

Installation, maintenance, and repair

Legal

Life, physical, and social sciences

Management

Office and administrative support

Personal care and service

Production

Protective service

318

244 123
2255 |

Sales and related fields

Transportation and material moving

Total

Sources: Faethm; BCG analysis.

Note: Aggregate results calculated by summing all surpluses and shortfalls within the 22 job families. Because of rounding, not all numbers add up
to the totals shown.
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Exhibit 5 - Shortfalls and Excesses in Australia by 2030

Baseline COVID-19 projection Severe COVID-19 projection
2020 2025 2030 2020 2025 2030

Sum of surpluses and shortfalls
(millions of FTESs)

Cumulative surplus

Cumulative shortfall

Gap between workforce supply and demand
(thousands of FTES)

Gap in current supply (%)

Cumulative shortfall _ Cumulative surplus
—50% +50%

Job family groups

Architecture and engineering

Arts, design, entertainment, sports, and media
Building and grounds cleaning and maintenance
Business and financial operations

Community and social services

Computer and mathematics

Construction and extraction

Educational instruction and library

Farming, fishing, and forestry

Food preparation and service

Health care practitioners and technical support
Health care support

Installation, maintenance, and repair

Legal

Life, physical, and social sciences

Management

Office and administrative support

Personal care and service

Production

Protective service

Sales and related fields

Transportation and material moving

Total

Dy s |

1,533

Sources: Faethm; BCG analysis.

Note: Aggregate results calculated by summing all surpluses and shortfalls within the 22 job families. Because of rounding, not all numbers add up
to the totals shown.

BOSTON CONSULTING GROUP X FAETHM
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Growing
Demand for
Technological
and Soft Skills

does not fully match the changes in demand, except

for certain occupations. At the same time, in many
sectors, severe shortages of skilled workers will mean that
growth in demand for talent will be unmet. This is particu-
larly true for computer-related occupations and jobs in
science, technology, engineering, and math, since technolo-
gy 1s fueling the rise of automation across all industries.
This is why the computer and mathematics job family
group is likely to suffer by far the greatest worker deficits in
all three countries.

For all three countries, the development of labor supply

Meanwhile, in job family groups that involve little or no
automation but that do require compassionate human
interaction tailored to specific groups—such as health care,
social services, and certain teaching occupations—the
demand for human skills will increase as well. Germany
and the United States, given their overall human resource
deficits, will face the greatest pressure for talent in these
occupations. For example, Germany will suffer a shortfall of
346,000 people in the educational instruction and library
sector by 2030. The deficit for health care practitioners and
technical support will rise to 254,000. In the United States,
the deficits for those two groups will rise to 1.1 million and
to nearly 1.7 million, respectively, by 2030. Even Australia
will suffer a significant shortfall, in health care practitioners
and technical support: 168,000.



Germany faces the dual challenge
of a low birth rate combined with
aging baby boomers who will
retire in the next decade.




Sensitivity of
Outcomes

‘ ol

narios and gives an indication of the possible situa-

tions that may occur across them. For example, Aus-
tralia will face a shortfall in the baseline COVID-19
projection of approximately 800,000 workers, assuming a
low rate of technology adoption. At the other end of the
spectrum—the severe COVID-19 projection, with a high
rate of technology adoption—Australia will face a labor
surplus of about 800,000.

Exhibit 6 provides an overview of all six potential sce-



Exhibit 6 - The Findings Are Largely Consistent Despite the Impact of
COVID-19

. COVID-19 GDP impact
.: Cumulative surplus
-— Cumulative shortfall

Oi Consolidated gap

Baseline COVID-19 projection Severe COVID-19 projection
. . 19.4
United States 17.1 J
(millions of FTEs) High —.- @ .—. @
-17.7 -14.9
10.9 13.5
Technology Medium
adoption -
-17.6 -14.8
5.3 7.6
-17.8 -14.6
Germany 2.8 35
(millions of FTEs) High .—- @ ._' Q
3.1 -2.6
2.3
Technology Medi =
adoption edium - [ ]
-3.0 -2.5
0.7 1.2
Low _—- -_'
-3.2 -24
Australia 0.9 1.4

Technology

adoption Medium

(millions of FTEs) High -—'
-1.0
0.6

Low B |

|
. S .
(=2}

Sources: Faethm; BCG analysis.

Note: Aggregate results calculated by summing all surpluses and shortfalls of the 22 job families so that each job family contributes either to the
cumulative surplus or shortfall result. Because of rounding, not all numbers add up to the totals shown.



+300,000

Different
Projections,
Different
Outcomes

Labor surplus in Australia by 2030,
assuming a high rate of technology
adoption and a severe impact from
COVID-19



Compared with the United States and Germany, Australia
is projected to experience a substantial growth in labor
supply. In 2002, the national government started offering
cash subsidies to parents of newborns in an effort to lift
the country’s fertility rate. The increase resulted in a baby
boom of people who will enter the job market over the
next decade. At the same time, Australia has significantly
cut immigration for the foreseeable future in response to
the economic challenges of the pandemic—a short-term
effect that will lead to increased labor supply when immi-
gration resumes. Nevertheless, the projected skills mis-
match is unlikely to be fully resolved. Therefore, we expect
higher levels of unemployment in some areas and more
acute skills shortages in others.

The shortfall is even more pronounced in Germany, where
the analysis shows a talent shortfall in five of the six poten-
tial scenarios we identified. Only a severe impact by the
pandemic on GDP, combined with high technology adop-
tion, would generate a net surplus of approximately

1 million employees. Germany faces the dual challenge of
a birth rate that has remained low, at an average of 1.6
children per woman, combined with aging baby boomers
who will retire in the next decade. Exacerbating this is a
demand for workers that we anticipate will either remain
constant or increase.

BOSTON CONSULTING GROUP X FAETHM

Similarly, five of the six potential scenarios in the US show
a shortfall (up to 12.5 million people), and only the severe
COVID-19 trajectory, combined with a high adoption rate of
technology, indicates a surplus (up to 4.5 million).

Although the adoption of technology is progressing at
roughly the same pace in all three countries, demographic
profiles suggest that they will face different challenges
during the digital transition. However, they all share the
need for a labor force that has the right composition of
skills to meet the needs of the digital age, which will de-
mand upskilling and reskilling on a large scale. In the
baseline projection, all three countries will face a net work-
force gap. In addition, a certain level of structural unem-
ployment (defined as the difference between demand and
supply) will prevail. Therefore, the challenge is more signifi-
cant than the aggregate numbers suggest.

16



three of the countries we studied should take deliber-

ate action to build a workforce that is ready for the
future. Governments and corporate leaders need to under-
stand the specific demographic challenges they face, where
the biggest impact of automation will be, and how they can
help individuals remain employable by maintaining their
skills. They then need to ensure that workers continue to
learn over time as demand for different skills evolves. In
short, countries must build an adaptive workforce.

The stark predictions for labor deficits suggest that all

Through a deeper dive into the analysis, we can identify the
Jjob families (which make up the job family groups dis-
cussed above) with the highest absolute surpluses and
shortfalls in 2030 for the baseline projection. (See Exhibit
7.) These job families reflect the areas with the highest
need for action from all stakeholders. The US, Germany,
and Australia share some similarities here. For example, all
three show that information and record clerks constitute
one of the occupations with the greatest overall surplus (1.9
million for the three countries)—an increase generated by
the ability of new technology solutions to manage this task.
Similarly, all three countries will see a steep shortage of
business operations specialists (who analyze business
operations and identify customer needs) as a direct result
of the data made more widely available by technology.



Exhibit 7 - Biggest Job Family Surpluses and Shortfalls in 2030: Baseline
COVID-19 Projection

Occupations with the biggest Occupations with the biggest
absolute surpluses absolute shortfalls
(thousands of FTES) (thousands of FTESs)

United States

Information and record clerks Computer occupations

1,807 5,933 -

Retail sales workers 1,475 Senior executives

Material moving workers Business operations specialists

Health care diagnosing or treating

Food and beverage service workers e
practitioners

Cooks and food preparation workers Engineers

Construction trades workers Other management occupations

Other production occupations
Other office and
administrative-support workers

Other food-preparation
and service-related workers

Operations specialties managers

Preschool, elementary, middle, secondary,
and special-education teachers

Supervisors of sales workers

Counselors, social workers, and other

Material recording, schedulin . . . o
& & community and social-service specialists

dispatching, and distributing workers

Germany

Other production occupations

539 -1,074 -

Computer occupations

Metal workers and plastic workers Senior executives

Preschool, elementary, middle, secondary,

Agricultural workers and special-education teachers

Building cleaning and pest control workers Business operations specialists

Health care diagnosing or treating

Material moving workers o
practitioners

Food and beverage service workers Engineers

Construction trades helpers Other personal care and service workers

Advertising, marketing, promotions,
public-relations, and sales managers

Operations specialties managers

Secretaries and administrative assistants

Assemblers and fabricators

Counselors, social workers, and other

Information and recor T . - . L
ormation and record clerks community and social-service specialists

Australia

Retail sales workers

166 -322 .

Computer occupations

Material recording, scheduling,

3 Health care diagnosing or treating
dispatching, and distributing workers

practitioners

Financial clerks Business operations specialists

Cooks and food preparation workers Other management occupations

Information and record clerks Other personal care and service workers

Other office and
administrative-support workers

Vehicle and mobile equipment mechanics,
installers, and repairers

Senior executives

Operations specialties managers

Food and beverage service workers Engineers

Counselors, social workers, and other
community and social-service specialists

Agricultural workers

Other production occupations

Food-processing workers

Sources: Faethm; BCG analysis.



The removal of mundane, repetitive tasks
in legal, accounting, administrative, and
similar professions opens the possibility for
employees to take on more strategic roles.




Of course, although humans may no longer be needed for
some tasks, they will nevertheless be necessary to help
develop automation. Decisions must be made on the rules
governing the use of new tools and how to implement and
maintain the software or robots that are taking over those
tasks. Despite eliminating the need for human employees
for many routine and administrative tasks, technology can
also create new jobs as the demand for software develop-
ers, data analysts, cybersecurity testers, and other digital
specialists rises across all sectors. There may be a need to
redeploy, upskill, or reskill people—and perhaps even to
redefine any given job itself. Although these markets share
characteristics in terms of technology adoption, significant
differences emerge.

In the United States, for example, for every six jobs that are
being automated or augmented by new technologies, one
additional job will be needed in order to develop, imple-
ment, and run those new technologies. In the aggregate,
those newly created roles will encompass 63 occupations,
mostly in the fields of data science and software
development.

BOSTON CONSULTING GROUP X FAETHM

Increased job automation will also create significant oppor-
tunities. Primarily, it will enable workers to undertake
higher-value tasks. For example, the removal of mundane,
repetitive tasks in legal, accounting, administrative, and
similar professions opens the possibility for employees to
take on more strategic roles. This also illustrates how
automation will affect not only blue-collar jobs but
white-collar occupations as well.

Meanwhile, core human abilities—such as empathy, imagi-
nation, creativity, and emotional intelligence, which cannot
be replicated by technology—will become more valuable.
The supply of talent for occupations that require these
abilities—such as health care workers, teachers, and coun-
selors—is currently limited, causing the high shortfalls we
see in these job families. At the same time, crises such as
the COVID-19 pandemic underscore the importance of
these occupations in ensuring societal well-being.

20



. tri d to take the following actions to get
Recommendations Ciﬁgaﬂe&iﬁeﬁeﬁ and future work imbalances in their

for Governments

employment markets.

Plan for the future workforce. Governments should
have a central workforce strategy and policy unit in place
to understand the current trends in workforce supply and
demand; identify the gaps that exist in certain jobs, sectors,
and skills; and predict the measures that will be needed to
close those gaps. Specific resources include advanced-
analytics models to predict changes over time and suffi-
ciently granular sources of data that can generate insights
into various regions, sectors, and demographics. Further-
more, the findings should be translated into strategic
directions that are then implemented in specific policies
and programs across government departments, including
education, welfare, labor, and economics.



Rethink education, upskilling, and reskilling. Guided
by strategic workforce planning, governments should cre-
ate adult upskilling and reskilling programs at scale. Suc-
cess requires working closely with the private sector and
academia to develop more creative solutions that match
the shifting realities of the labor marketplace over time.
Governments also need to refocus education systems to
develop so-called metaskills, such as logical thinking,
reasoning, curiosity, open-mindedness, collaboration,
leadership, creativity, and systems thinking.

In addition, education systems must become more flexible,
moving beyond degree programs that require several years
to complete and, instead, facilitating intermittent periods
of study. They should also help people to obtain microcre-
dentials and certifications tailored to industry needs (ideal-
ly created in partnership with the private sector) and to
upgrade their skills on a regular basis.

The right solution will require a much broader set of edu-
cational formats to convey these skills in a sound way.
Current education funding models need to shift from large,
one-time subsidies to smaller, incremental payments
spread over a person’s lifetime. This might mean, for ex-
ample, creating lifelong learning accounts, such as those in
a program offered by the Singapore government, which
provide funding for a person’s education over their lifetime
and can be drawn upon whenever they need to upgrade
existing skills or gain new ones. Traditional education
systems will need to apprise prospective students of the
fields of study and types of degrees that are most aligned
with the needs of the workforce, so they can make in-
formed decisions about which path to pursue. This is espe-
cially true for students who are transitioning to higher
education. What’s more, doing so would cut down on any
future reskilling needs because citizens will have acquired
the skill profiles demanded by the labor market right from
the start.

BOSTON CONSULTING GROUP X FAETHM

Build career and employment platforms. To ensure
that the labor market is working as efficiently as possible,
some governments are creating comprehensive data and
digital employment platforms so that workers can navigate
to jobs and training opportunities more easily and quickly.
A world-class platform helps citizens assess their skills,
identify potential employment pathways, and close capabil-
ity gaps through upskilling and reskilling opportunities.
Critically, these platforms need to be continually updated
and reinvented to ensure that they remain relevant and
useful. In addition, governments need to establish their
own employer brands in order to influence immigration
patterns and attract employees with relevant skills from
other countries.

Update social safety nets. Given the risk that automa-
tion poses for many jobs, policymakers need to focus on
providing upskilling and reskilling opportunities for workers
who are in transition, employed part-time, or unable or
unwilling to adapt to the digital economy. Welfare policies
need to adapt so the system can assist people who regular-
ly enter and exit the workforce. Supporting those who do
not profit directly from the positive effects of future tech-
nologies is critical to fuel a societal support for this major
shift toward a more flexible and adaptive workforce. Fund-
ing all this will require governments to embrace automa-
tion in their own administrations as boldly as possible.

Drive innovation and support small and midsize
enterprises (SMEs). SMEs may lack the funds to continu-
ally enhance their automation and thus will need support
in the form of subsidized loans or investment tax breaks as
they work to develop a digitally enabled workforce. Regula-
tions for the use of advanced technologies should not
overburden these SMEs, in order to avoid inhibiting their
innovation. Supporting SMEs will help build the capabili-
ties needed to drive innovation throughout the economy as
well.
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ability to compete, companies need to take the
following actions.

Perform strategic workforce planning. As at the coun-
try level, a company should regularly assess the current
size, composition, and development of its workforce. It
should also evaluate future demand on the basis of strate-
gic direction and determine the gaps for certain jobs and
specific skills. Furthermore, it should proactively design the
measures needed to close those gaps. These strategic mea-
sures need to be closely connected to the company’s over-
all planning for the medium term and need to be budgeted
accordingly to ensure swift implementation.



Upskill and reskill existing workforces. Given the rapid
shifts in skill requirements and the number of entirely new
tasks and roles that are emerging, the labor market will be
unable to supply sufficient new talent to fill available posi-
tions. Companies therefore need to supplement external
hiring with internal development initiatives and on-the-job
training.

Create a lifelong learning culture. Corporate training
used to consist of certifications or intermittent training
programs, but the digital economy will demand a constant
upgrading of skills. Companies therefore need to build
constant learning into their business models. Content and
skill upgrades should be delivered in a variety of formats so
that they can be integrated into the daily routine of every
employee, ensuring a nimble and agile workforce.

Rethink talent recruitment and retention strategies.
The combination of demand for digital skills and demo-
graphic shifts will put extreme pressure on the labor supply
pipeline, creating fierce competition for talent. Thus, com-
panies may need to shift the recruitment focus from hiring
for skill to hiring for will: as some of the skills needed in
the future (such as coding computer languages) will most
likely be selftaught or come without an explicit certifica-
tion, HR professionals will need to view candidate criteria
with a more open mind and embrace diverse curricula.
Companies will also need to find new ways of retaining
their talent and equipping them with the skills that will
enable them to stay relevant within the changing context
in which the enterprise operates.

BOSTON CONSULTING GROUP X FAETHM

Companies may also opt to create an employee pool to
which people with new skills can be added without yet
knowing which field of operations they’d be best suited for.
Companies could choose to assess intangible skills with
trial periods as well. In a postpandemic era, the higher
prevalence of remote working will allow companies to
access international and more fluid talent pools that are
outside the companies’ main markets. For many organiza-
tions, this will be a completely new source of talent to
explore and manage.
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bility for their own professional development, whether
that means through upskilling or reskilling. They should
take the following actions.

Make lifelong learning the new normal. Whether
through programs offered by employers or through private
channels, continuous learning and the acquisition of new
skills must become central to an individual’'s working life.
Individuals should also invest not only in digital skills but
also in metaskills, which will serve them well regardless of
shifts in the market.



Remain focused on upskilling and reskilling. More
and more sources of information about jobs and skills will
become available in the coming years. Many governments
are establishing overviews of jobs and skills that are cur-
rently in demand and creating forecasts for the future.
Individuals need to pay attention to these sources of infor-
mation and update their skills accordingly, either by
searching out high-quality providers of education or by
charting their own course amid the vast amount of
online-learning offers.
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Become more flexible when developing a career
path. Frequent career changes and lateral moves into
similar job positions will become increasingly necessary.
Therefore, workers should remain flexible throughout their
careers, looking for positions where their existing skill sets
can be applied successfully as well as updating their skill
sets according to where their own interests match the
market’s needs.

THE FUTURE OF JOBS IN THE ERA OF Al
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s countries prepare to meet the demands of the

digital age, they must understand the challenges

that lie ahead. This means making use of more
sophisticated analytical models to predict supply and
demand in the labor market and integrating them into the
foundation of their workforce strategies. It also means
focusing on managing the transition to a future workforce
so that the economic and social friction associated with
the mismatch of supply and demand is minimized.

To reduce the mismatch in skills, governments should
update the education system. They should create more
flexible institutions that can anticipate the future needs of
companies and refocus on metaskills.




Companies need to invest in corporate academies, training
partnerships, and constant upskilling and reskilling of their
existing workforces. They should also transform their HR
functions and processes to cater to the shift in approach
needed to hire and retain talent with the new skills in
demand. Companies that make these investments and
significant changes in their own processes stand to gain a
substantial competitive advantage over those that stick
with their current approach.

BOSTON CONSULTING GROUP X FAETHM

Perhaps more important, given the speed of the digital
transformation, it is urgent to make such investments
today. Countries that leverage education to create attrac-
tive locations for companies will gain a competitive edge
over their static neighbors. Companies that hesitate will
find themselves unable to access the talent they need and
will fail to capitalize on the opportunities that technology
brings. Surviving and thriving in the digital age means
understanding current shifts, predicting future transforma-
tions, and responding rapidly to build an adaptive, future-
ready workforce that can support a strong and equitable
economy.
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Methodology

ur calculations for workforce supply were based on
O a country’s total workforce, including both the

working population and the unemployed. We adjust-
ed the overall workforce in terms of head count, factoring
in part-time employees via full-time equivalents for the
simulations. The biggest factors that increase the national
workforce supply are graduates and net migration. The
biggest factors that decrease supply are retirements and
general mortality.

To model these factors, we used national labor data to
classify the workforce supply by age groups and job family
groups. The number of graduates was calculated from
official forecasts, adjusted by probabilities of entry into the
labor force, and assigned to job families according to the
current distribution. Migrant entries were determined by
net migration projections for working-age people and
allocated according to the current distribution of non-
national workers. Retirements and mortality were drawn
from official numbers by the government and pension
bodies. We used a variety of sources to estimate these
values, including working population and unemployment
numbers from federal statistics offices, employment agen-
cies, and other government entities.



For workforce demand, our model included both the total
working population and currently open positions. To calcu-
late future workforce demand at the detailed level of job
families, we considered traditional nontechnology factors,
such as GDP growth, as well as a variety of technology-
specific factors. For demand reduction through labor pro-
ductivity gains, we assumed that all labor productivity
gains in the coming years will be driven by advancements
in technology and thus would include one of the technolo-
gies in our analysis. All these factors were calculated for
the industries, countries, and job families separately.

Because the pandemic is still so unpredictable, we mod-
eled its potential economic impact by using two GDP
growth projections. Both are from Oxford Economics and
entail industry-specific GDP forecasts for the United States,
Germany, and Australia. In the first projection, the peak of
infections and lockdown measures is followed by a rapid
return to economic growth, with only some lingering im-
pact on global GDP growth. A second, more severe, projec-
tion assumes that another, longer-lasting infection wave
will result in renewed strict lockdowns and persistent
public-health concerns that reduce confidence, leading to a
considerable impact on economic activity in the medium
term.
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To analyze the impact of technology on workforce demand,
the Faethm predictive model created proprietary adoption
rates for 17 automation and augmentation technologies,
using 150 metrics (including, for example, a country’s
political and regulatory situation, business and innovation
climate, and technical infrastructure). Methods used in-
clude neural networks, natural-language processing, sup-
port vector machines, boosted decision trees, and random
forest modeling. Adoption was calculated at a task level,
considering both the availability and uptake for each tech-
nology-task combination. A low rate of technology adoption
(25% slower than the medium scenario) would lead to
fewer jobs being automated and augmented and thus
larger future workforce demand. A higher rate of technolo-
gy adoption (25% faster than in medium scenario) would
lead to lower future workforce demand.

The resulting surpluses and shortfalls were calculated by
subtracting demand scenarios from supply and can be
seen in all levels of the calculation. The more granular in
terms of job family groups and job families, the more
pronounced the gaps become. An overall slightly positive
balance on a workforce level might still mean that there
are steep surpluses and shortfalls in specific job families.
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ur analysis looked at a range of automation and Al
technologies, which are listed here in order of in-

creased sophistication and complexity.

Seventeen Technologies
Under Consideration



Programmed Intelligence
These technologies are known as predefined.

¢ Process automation: software code that is pro-

grammed to complete predefined, logical, and rule-based

processing tasks

« Fixed robotics: stationary robots that handle and ma-
nipulate objects in a predefined way

« Mobile robotics: robots programmed to move between
points in a controlled environment

Narrow Al
These technologies are considered to be reactive.

« Predictive analysis: tools that reactively use machine

learning to conduct narrow analysis and make predictions

« Recognition vision: tools that reactively use machine
learning and sensors to recognize and classify data
meaningfully

« Voice response: tools that use machine learning to
reactively interpret queries and offer a predefined

response

o Suggestion provision: tools that reactively use ma-

chine learning to prioritize data for the purpose of identi-

fying relevant recommendations
Broad Al
These technologies are considered to be proactive.

e Sensory perception: systems that use machine learn-
ing and sensors to detect and extract meaning from
external stimuli

« Decision generation: systems that use machine learn-
ing to evaluate input data in order to determine the best
course of action

o Conversation exchange: systems that use machine
learning and sensors to interpret and engage in
conversation

« Dexterous robotics: robots with flexible functions
capable of adapting dynamically using sensors and
machine learning

Reinforced Al

These technologies are self<improving.

Navigation robotics: robots using real learning and
sensors to navigate autonomously in unstructured
environments

Collaborative robotics: robots using real learning and
sensors to help generate shared meaning

Solution discovery: agents using real learning and sen-
sors to digest and solve unstructured, complex problems

Generative design: agents using real learning and sen-
sors to interpret creative data and generate concepts

Creative origination: agents using real learning and
sensors to invent new and original concepts beyond
known data

Assistive robotics: robots using real learning and
sensors to physically interact with humans in an emotive
manner
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