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Baseline context for thinking about 
AI’s role in the labor market



Average monthly changes in employment will slow down 
significantly over the next ten years

Sources: BLS Occupational Employment Projections 4

Year

BLS Projections

Current Employment 

Statistics and Current 

Population Survey data

Average 

Monthly 

Employment 

Change

2013 147,512,000 --

2023 167,850,000 169,483

2033 174,600,000 56,250

BLS US Occupational Employment Projections 2023-2033

Published August 2024



Projected net employment change is centered on higher-
skill, higher-wage occupations

882,100 

241,500 

808,600 

1,206,400 

1,527,700 

1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile

Source: Occupational Employment and Wage Statistics (May 2022), US Projections 

(2022-2032), Bureau of Labor Statistics and Author’s Calculations
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Artificial Intelligence, Machine 
Learning, Deep Learning, and 
Generative AI

Definitional Framework:



The evolution from Machine Learning to Deep Learning
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"Machine Learning" encompasses a range of familiar 

statistical modeling techniques, including:

• OLS, Simple, and Multiple Linear Regression

• Logistic Regression

• Lasso and Ridge Regularization

• Principal Component Analysis

• Hierarchical and K-means Clustering Algorithms

• Decision Trees

• Bootstrap Aggregating and Boosting

• Time Series Forecasting

• Support Vector Machines

&

• Neural Networks

Neural Networks with 

architectures that are 

deeply layered and trained 

on vast amounts of data, 

have come to be referred to 

as Deep Learning Models



Capabilities of large Deep Learning models
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Deep Learning models can be constructed with 

hundreds of layers, and trillions of parameters, 

producing models that are capable of complex pattern 

recognition in pictures, text, sounds, and other data

Natural Language Processing

Large Language Models (LLMs) are trained on 

vast amounts of text, learning statistical 

relationships between words in context

Computer Vision

The ability of models to derive 

information from digital image 

or video input

Content generation

 Generative Artificial Intelligence 

(GenAI) describes a model that is 

capable of extracting information 

from user input to generate content 

in the form of text, image, or video



Larger models, such as ChatGPT5, may not be the 
immediate future for deep learning
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OpenAI’s ChatGPT4 delivered advances by training using 
trillions of words of text and many thousands of powerful 
computer chips, at a cost of more than $100 million

“I think we're at the end of the era where it's going to be 
these, like, giant, giant models,” Sam Altman told an 
audience at an event held at MIT. “We'll make them better 
in other ways.”

Promising future directions for deep learning include:
• Reinforcement learning with human feedback
• Building smaller models with domain-specific data

Source: Wired, OpenAI’s CEO Says the Age of Giant AI Models Is Already Over, April 2023



The Scale of AI: Investment, Market 
Performance, Energy Use, and 
Productivity



Scale of investment in AI:

Source: Washington Post, April 2024 11

Meta

Predicts it will spend up 

to $10 billion on AI 

investments in 2024

Microsoft

Spent $14 billion in 

2024Q1, with plans to 

increase investment. 

Revenue was up 17% 

from a year earlier at 

$61.9 billion

Google

Plans to spend $12 

billion or more each 

quarter in 2024 on 

capital expenditures, 

much of which will be 

for new data centers

Nvidia

The chipmaker whose 

graphic processing 

units, or GPUs, have 

become essential to 

training AI — expects to 

make around $24 

billion this quarter after 

making $8.3 billion two 

years ago in the same 

quarter

Nvidia’s recent valuation makes it the 

third most valuable company in the world, 

after Microsoft and Apple

Apple

Apple is expanding 

server capacity as its 

devices offer a prime 

venue for the use of AI 

technologies



Capital Investment in AI remains high, but returns may be a 
long way off

Source: The Economist, “What Happened to the AI Revolution?”

“Investors have added more than $2 

trillion to the market value of the five 

big tech firms in the past year—in 

effect projecting an extra $300b-400b 

in annual revenues.

For now, though, the tech titans are 

miles from such results. Even bullish 

analysts think Microsoft will make only 

about $10b from generative-AI-related 

sales this year.”



Estimates vary for the forecast productivity and GDP effects 
of AI technology
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Goldman Sachs (2023)

7%, $7 trillion increase to 

global GDP

1.5% increase in global 

Productivity over the next 

10 years

McKinsey Global Institute 

(2023)

$2.6-4.4 trillion annual 

increase to global GDP

0.1-0.6% productivity growth 

per annum through 2040 .

Daron Acemoglu, MIT (2024)

GDP effects from 1.6-1.8% 

over a 10-year period,

Total factor productivity 

growth at 0.7% in total, or 

0.07% per year



Corporations have yet to demonstrate returns on AI-driven 
productivity 

Source: The Economist, “What Happened to the AI Revolution?”

Goldman Sachs has constructed a stock 

market index tracking companies that, in the 

bank’s view, have “the largest estimated 

potential change to baseline earnings from AI 

adoption via increased productivity”. 

Since the end of 2022, these companies’ share 

prices have failed to outperform the broader 

stock market.



While AI use is commonplace (Google searches, Spotify, Chatbots), 
specific implementation into business processes has been slower 
to rise

Source: The Economist, “What Happened to the AI Revolution?”, Census Bureau

The Census Bureau Business Trends and Outlook Survey finds 

that 3.8% of businesses reported using AI to produce goods 

and services in 2023.  

This figure has risen to 5.0% as of September 2024 and is 

forecast to rise to 6.6% by Fall 2024.



Policy oversight may be required to regulate surging 
electricity demand from data centers

Sources: U.S. Department of Energy, S&P Global Mobility, Goldman Sachs, International 

Energy Agency
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Data centers are one of the most energy-
intensive building types:

• 10 to 50 times the energy/floor space of a 
typical commercial office building

• Approximately 2% of total U.S. electricity 
use in 2022, projected to reach 8% of 
total U.S. consumption by 2030 
(Goldman Sachs)

Of 8,000 datacenters in operation globally, 33% 
are based in the US, where data center 
electricity consumption is set to grow from 
200TWh in 2022, to almost 260TWh in 2026 
(International Energy Agency)



Negotiations between Big Tech and an Ohio power utility could set 
a national precedent as communities grapple with the energy 
demands of the data center boom
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Google, Amazon, Microsoft and Meta are fighting a proposal by an Ohio power 
company to significantly increase the upfront energy costs they’ll pay for their data 
centers

Energy customers must sometimes make a monthly payment to a utility that is a 
percentage of the maximum amount of electricity they predict that they could 
need. 

• In Ohio, data center companies had agreed to pay 60 percent of the projected amount. But 
in May, the power company proposed a new, 10-year fee structure raising the charges to 90 
percent of the expected load, even if they don’t end up using that much.

Sources: Washington Post, Tech giants fight plan to make them 

pay more for electric grid upgrades, September 2024



AEP Ohio's testimony

Sources: Washington Post, Tech giants fight plan to make them 

pay more for electric grid upgrades, September 2024
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AEP Ohio’s testimony in the case also questions whether 
data centers bring as much to local communities as 
factories or other high-energy-load businesses. Since 2019, 
non-data center businesses have created approximately 25 
jobs for every megawatt of power requested, while data 
centers have created less than one job per megawatt, 
according to Kelso’s testimony.

Central Ohio is not the only place in the United States 
where utilities are reevaluating how to charge their biggest 
customers. This year in Virginia, the power company 
proposed a rule that would allow it to negotiate custom 
contracts with any business using more than 200 
megawatts of power, not just data centers, according to 
public filings. And in July, Indiana proposed a tariff aimed 
at funding new infrastructure that would extend contracts, 
introduce fees for backing out, and raise minimum 
payments for any customers using more than 150 
megawatts.



Machine Learning and Artificial 
Intelligence technologies applied in 
numerous use-cases across industries

Applications by Industry:



Retail, Inventory Management
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SpartanNash has recently 

deployed autonomous inventory 

robots in 15 grocery stores in 

Michigan and Indiana.  “Tally” 

robots wander the aisles and 

collect real-time inventory data, 

capturing 15,000-30,000 

products an hour



Finance, Algorithmic Trading and Fraud Detection
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High-frequency trading firms such 

as Citadel and Renaissance Technologies have 

created highly-profitable trading algorithms

Banks and other firms use artificial intelligence 

to monitor and detect fraudulent purchase 

activity, with significant cost savings against 

human monitoring



Entertainment and Media, Personalization, Recommendations and 
Customer Retention in Streaming Services
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Netflix employs leading data 

scientists to optimize its 

recommendation algorithms 

and select personalized images 

to enhance customer 

engagement with its content

These have been studied to 

improve customer experience 

and reduce churn



Manufacturing, Factory Floor Design
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“Factory digital twins provide a comprehensive model of the factory floor. They simulate outcomes from real-time factory 

conditions, enabling “what-if” analyses across production scenarios, such as process or layout changes. In their most 

advanced state, they can be integrated into real-time decision making, such as production scheduling—either with 

manual review and intervention or through full automation.”

Source: McKinsey and Company, “Digital Twins: The Next Frontier of Factory Optimization”



Manufacturing, Production and Quality Control
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Car2X “transforms” every BMW on the production line into an active and connected participant 

in our industrial IoT (Internet of Things) ecosystem that self-analyses, interacts in real time with 

employees in the plant and automatically shares and documents relevant messages. AIQX 

technology performs visual and acoustic quality inspection tasks



Healthcare, Medical Imaging
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Aidoc Radiology Solutions and 

Zebra Machine Vision 

Software assist medical 

practitioners' decision-making 

capacities while streamlining 

administrative tasks

Computer vision can exceed 

human capacity in certain 

image-reading conditions



Healthcare, Drug Discovery
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Insilio Medicine and 

Atomwise provide software 

suites that aid drug 

manufacturers in identifying 

promising drug candidates and 

improving efficiency in clinical 

trial processes



Growing Pains: Changes to the algorithm used to determine lung transplant 
eligibility inadvertently harmed potential recipients with type O blood

27Source: Chicago Tribune,“Error in new lung transplant algorithm harmed sick and dying patients”

Photo Credit: Jerry Jackson / Baltimore Sun

• Increased lung transplants by 11.2% 

• Overall fewer candidates dying on the waitlist

• Reduced geographic disparities

• However, transplants decreased for blood type O recipients (from 

646 to 601) and increased for recipients of all other blood types

• Modeling allowed for recipients to receive lungs from donors of any 

blood type, regardless of compatibility.  In the real world, no patients 

were given organs of the wrong blood type, but type O patients, who 

required donors with blood type O, were effectively deprioritized 

under the new system.



AI applications in Workforce 
Development, Resources for Jobseekers



29Source: MEDC, You Can in Michigan



30Source: MEDC, You Can in Michigan, Career Finder Portal



31Source: MEDC, You Can in Michigan, Career Finder Portal



32Source: MEDC, You Can in Michigan, Career Finder Portal



33Source: FutureFit AI



Occupations most affected by AI



Sample of the O*NET 
Work Activities Survey

Source: O*NET Generalized Work Activities Questionnaire, Pew Research (2023) 

The Generalized Work Activities Survey 

contains questions about 41 Work Activities 

that are common across all occupations.  For 

each work activity, participants are asked to 

rate the importance and level, or intensity of 

the activity in their current job.  The survey 

covers 879 detailed occupations

Author Rakesh Kochhar of the Pew Research Center 

considers these same 41 essential work activities in 873 

occupations from the U.S. Department of Labor’s 

Occupational Information Network (O*NET), asking:

1. AI exposure: What is the likelihood that a work activity 
may be substituted for or complemented by AI at this time? 
Is the likelihood high, medium or low?

2. Relative importance: How important are activities with 
high or low exposure to AI in any given job, relative to the 
importance of other activities?

Pew Foundation Study of 

occupational exposure to AI



Pew Research Analysis of 41 Work Activities in O*NET

Source: Pew Research Center



Cluster Assignments, Occupational Exposure to AI

Source: O*NET Work Activities Database (2023), Pew Analysis of AI Exposure in Work Activities,  

Author's Calculations
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Employees in occupations with the greatest levels of high exposure AI 
work activities tend to have higher levels of educational attainment

Source: O*NET Work Activities Database (2023), Pew Analysis of AI Exposure in Work Activities,

Bureau of Labor Statistics Employment Projections (2023),  Author's Calculations

Relative level of intensity and importance of 
high AI exposure work activities in 

occupations

High school 
or less

Some college 
or Associate 

degree

Bachelor 
degree of 

above

Greatest 25% 35% 41%

Middle 34% 30% 36%

Lowest 43% 29% 28%

Distribution of Educational Attainment within Clusters



Source: O*NET Work Activities Database (2023), Pew Analysis of AI Exposure in Work Activities,

Bureau of Labor Statistics Employment Projections (2023),  Author's Calculations

Employment Projections by Occupational Cluster and Typical Education

Relative level of intensity and 
importance of high AI exposure work 

activities in occupations

Typical Educational Attainment 
Required to Enter Occupation

Total Employment 
2023

Percent Share of 
Employment 2023

Projected 
Employment 

Change, 2023-33

Percent Share of 
Employment 

Change, 2023-33

Greatest

BA+ 8,814,100 6.1% 670,400 14.3%

Some college or Associate's 7,178,000 5.0% 166,900 3.6%

High school or less 15,519,800 10.8% (92,500) -2.0%

Middle

BA+ 19,707,200 13.7% 1,679,300 35.7%

Some college or Associate's 5,443,800 3.8% 281,700 6.0%

High school or less 35,290,200 24.5% 294,400 6.3%

Lowest

BA+ 10,477,800 7.3% 450,200 9.6%

Some college or Associate's 3,084,300 2.1% 262,300 5.6%

High school or less 38,761,500 26.9% 988,700 21.0%

All Occupations All Educational Requirements 144,276,700 100% 4,701,400 100%



White-collar workers, considered vulnerable to AI, are not 
yet negatively affected by job substitution effects

Source: The Economist, “What Happened to the AI Revolution?”, Census Bureau

“Using American data on employment by occupation, we focus on 

white-collar workers, who range from back-office support to 

copywriters. Such roles are thought to be vulnerable to AI, which is 

becoming better at tasks that involve logical reasoning and 

creativity. 

Despite this, the share of employment in white-collar professions is 

a percentage point higher than before the pandemic” (Economist).

This is consistent with Census Business Trends and Outlook Survey 

findings that “while many businesses use AI to replace worker 

tasks and existing equipment/software, there is little evidence that 

AI use is associated with a decline in firm employment. 

In fact, an increase in employment as a result of AI use is more 

common than a decrease” (Census).



Advertised wages in job postings that require Artificial Intelligence 
and Machine Learning skills have risen sharply over the last four 
years; unique postings for these roles exceeded 89,000 in Aug-24

41Sources: Lightcast, accessed August 2024
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Advertised wage trend for roles with AI and 

ML skills 

Advertised Hourly Wage
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Job Postings for roles with AI and ML skills 

Unique Postings



Contact

• Erik Vasilauskas

• email: vasilauskas@upjohn.org

42
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