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What we do

Question: How did technology affect workers?

How:
* New measure of (labor-saving) technology exposure
* Worker-level data

Answer:

* Which occupations are most exposed has varied over time
» Exposed occupations experience declines in employment and wages

* Highest paid workers experience the largest declines in wage earnings



Measurement: Broad Idea

Use breakthrough patents to measure innovation. We follow Kelly,
Papanikolaou, Seru, and Taddy (2021) and identify important patents as
those that:

* Novel and impactful: are distinct from previous patents but are related
to subsequent patents based on textual similarity

* Breakthroughs: patents in the top 10 percent of the unconditional
distribution of impact/novelty
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Measuring patent-occupation similarity

Using textual analysis (word embeddings) we obtain a distance measure p
between each breakthrough patent p and each occupation i
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Measuring workers’ techno exposure

Exposure of occupation i to technology at time ¢

1
Niy = — Z Pp,i
K PEB;
* Sum of breakthroughs related to the tasks occupation i performs

* Weights: textual similarity p between a given patent and occupation
task descriptions (ONET/DOT)

Our approach is based on measuring overlap between innovations and tasks.
Evidence suggests that it primarily identifies labor-saving innovations.

* A statistical factor constructed to maximize (in sample) predictability
of negative worker outcomes delivers quantitatively similar results.



White-collar occupations increasingly more exposed

A. Task Content B. Education
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Manual (physical):

== High School Grad or Less College Grad or More

machine operators, electricians, mechanics

Routine cognitive:

technicians, clerks, programmers

Manual (interpersonal):

teachers, counselors, psychologists

Non-routine cognitive:

surgeons, managers, engineers 6



Middle-income occupat more exposed to technical change
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* Workers in occupations in the middle of the wage earnings distribution
more highly exposed than top/bottom by 1/2 SD



Employment and technolog g run, 1850—present)

A. Occupation-level Employment B. Industry X Occupation level employment

logEmpl; ), —log Empl; ,
10 Years 20 Years 10 Years 20 Years 10 Years 20 Years 10 Years 20 Years

Technology Exposure, 1; -0.48  -0.777 -0.377F -0.67F -0.56*  -0.97*  -0.60"**  -1.10"**
(past decade average) (-5.19) (-6.84) (-4.39) (-6.93) (-3.02) (-3.92) (-3.18) (-4.33)
Observations 2,865 2,574 2,492 2,208 102,400 81,009 72,451 54,662
Controls

Time FE Y Y Y Y

Industry X Time FE Y Y Y Y
Lagged Dependent Variable Y Y Y Y

» Higher technology exposure predicts employment declines at the
occupation level.

* Magnitudes: 1 SD followed by 0.37 to 1.1 percent annualized decline in
employment



Employment, wage earning

Recent period, 1980—present:

A. Employment Growth B. Wage Growth
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* Wage and employment declines at occupation level.

* 1 SD shock followed by 20% decline in employment and 5% decline in
average wages over next 20 years.



Impact of innovation on individual workers

Track individual workers over time using a panel of individuals in the CPS
linked with administrative tax data (DER).

Calculate growth in age-adjusted (cumulative) W2 earnings over the next 3-,
5-, and 10-year horizons

B ):j’zo w2 wage; ;. ;
Wi rran = log

Zj}'l:o D (agei,zﬂ')

* This specification emphasizes permanent income changes
* Perform analysis at occupation—industry cell (based on patent assignee)

* Include both occupation x year and industry x year dummies
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Technology Exposure Predicts Earnings Declines

-25

Years

» Worker’s cumulative earnings decline by 1-1.5 percentage points over
the next five years in response to a 1-SD shock in tech exposure.
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Magnitudes 1.5x larger for older workers
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Magnitudes 2x larger for highly-paid workers
pobot
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Worker Prior Income
(relative to other workers in same occupation—industry cell)
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Is technology complementary to skill?

o If technology is complementary to skill (and skill ~ wage)

» Higher-paid workers should see a relative increase in wage earnings

* We see the opposite. Why?

* One possibility: skilled workers as a group may benefit, yet individual
workers may get left behind if their skills are vintage-specific.

* If so, these workers more likely to experience larger earnings declines.
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Older and highly-paid workers face higher income risk

Age Prior Income
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¢ Dependent variable: 1(Earnings Growth < 10-th percentile)

* Increase in risk largest for older and more highly paid workers
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Technology-Skill Complementarity

e Nested CES production in technology &, skilled H and unskilled L labor

R (YO ST

» Standard Assumption: Skilled labor more complementary to
technology than unskilled labor: ¢ < p < 1

» Skill premium Wy — Wy increases with &

* Technology frontier improves stochastically

d(:t = —g(tjtdt‘i‘KdNr.
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Skill Displacement

Skilled workers as a group may benefit, yet individual workers may get left
behind since arrival of new technologies can render existing skills obsolete.

* Individual workers i endowed with 8; ; units of skilled labor and 1 —6; ;
units of unskilled labor. Worker earnings:

We+0ir (Wh — W)
e With some probability 0;; falls as technology & improves
d®;; =m8;,dM;; —h®;;dN,,
* Workers differentially exposed:

dNi; =di,dN,,  de{0,1} iid. with Prob(d=1)=uq
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Model: Technolog

Productivity and the Labor Share

A. Technology &

B. Output / Productivity (¥)

C. Labor Share
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Model: Technology and Worker Earnings

A. Differences in Post-Shock Wage Growth B. Regression Coefficients for Post-Shock Wage Growth
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Summary and Next Steps

* We construct direct measures of (labor-saving) technology exposure

* Negative relation to worker outcomes (employment and wages)

» Between occupation: Middle-skill occupations more highly exposed.

» Within occupation: Magnitudes larger for (a) older, and (c) most
highly-paid workers

* Next steps:

» Implications for income inequality

P> Alternative measure based on knowledge spillovers
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Census Acknowledgment

The U.S. Census Bureau reviewed this data product for unauthorized
disclosure of confidential information and approved the disclosure avoidance
practices applied to this release (approval number
CBDRB-FY21-POP001-0176).
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Additional Slides
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Technology And Employment Over the Long Run (1850-2010)-

Heterogenous effects by age

B. Sub-sampl
A. Full Sample tb-samp1es
1850-1920  1930-1960  1970-1990
Age (20-29) x Technology Exposure, 1;; -0.78*** -1.95%** 0.038 -0.77**
(-3.66) (-4.00) (0.11) (-2.69)
Age (30-39) x Technology Exposure, 1; -0.67* -1.48* -0.051 -0.70*
(-3.89) (-3.25) (-0.20) (-2.96)
Age (40-49) x Technology Exposure, 1;; -1.26%* -1.88% -0.54* -1.39%**
(-6.94) (-4.30) (-1.92) (-5.53)
Observations 6,512 2,232 1,989 2,291
R? (Within) 0.068 0.070 0.055 0.098
Controls
Age Group X Year FE Y Y Y Y
Lagged Dependent Variable Y Y Y Y
P-val (40-49) - (20-29) 0.009 0.833 0.069 0.000
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Technol and Employment, by Decade
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Patent/Occupation Similarity
Examples




Top patents for occupations:

e Loan interviewers and clerks:
o Cashiers: @»
* Railroad conductors: @

* Petroleum engineers: @9

Top occupations for patents:
+ Knitting machine (1883): @
 Metal wheel for vehicles (1922): @

* System for managing financial accounts (1999): @

25



Top Patents For Select Occupations: Loan Interviewers and Clerks

Loan Interviewers and Clerks (SOC Code 434131)

Patent Number Title
6289319 Automatic business and financial transaction processing system
5611052 Lender direct credit evaluation and loan processing system
6233566 System, method and computer program product for online financial

products trading
5940811 Closed loop financial transaction method and apparatus

5966700 Management system for risk sharing of mortgage pools
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Patents For Select Occupations: Cashiers

Cashiers (SOC Code 412011)

Patent Number Title

5055657 Vending type machine dispensing a redeemable credit voucher upon
payment interrupt

5987439 Automated banking system for making change on a card or user account
5897625 Automated document cashing system
6012048 Automated banking system for dispensing money orders, wire transfer

and bill payment

5598332 Cash register capable of temporary-closing operation
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Top Patents For Select Occupations: Railroad Conductors

Railroad Conductors (SOC Code 534031)

Patent Number Title
5828979 Automatic train control system and method
6250590 Mobile train steering
3944986 Vehicle movement control system for railroad terminals
6135396 System and method for automatic train operation
5797330 Mass transit system
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Top Patents For Select Occupations: Petroleum Engineers

Petroleum Engineers (SOC Code 172171)

Patent Number Title
5117908 Method and equipment for obtaining energy from oil wells
4265309 Evaluation and production of attic oil
4031956 Method of recovering energy from subsurface petroleum reservoirs
5165235 System for using geopressured-geothermal reservoirs
4458945 Oil recovery mining method and apparatus
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ccupations For Select Patents

Knitting-machine (Patent No. 276146, Issued in 1883)

Occupation Title

Textile Knitting and Weaving Machine
Setters, Operators, and Tenders

Sewing Machine Operators
Sewers, Hand
Fabric Menders, Except Garment

Textile Winding, Twisting, and Drawing
Out Machine Setters, Operators, and
Tenders
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Top Occupations For Select Patents: Metal Wheel fo

Metal wheel for vehicles (Patent No. 1405358, Issued in 1922)

Occupation Title

Automotive Service Technicians and
Mechanics

Cutting, Punching, and Press Machine
Setters, Operators, and Tenders, Metal and
Plastic

Maintenance Workers, Machinery

Grinding, Lapping, Polishing, and Buffing
Machine Tool Setters, Operators, and
Tenders, Metal and Plastic

Rolling Machine Setters, Operators, and
Tenders, Metal and Plastic
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Top Occupations For Select Patents: System for Managing Finan-

cial Accounts

System for managing financial accounts by a priority allocation of funds
among accounts (Patent No. 5911135, Issued in 1999)

Occupation Title

Financial Managers
Credit Analysts
Loan Interviewers and Clerks
Accountants and Auditors

Bookkeeping, Accounting, and Auditing
Clerks
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	Patent/Occupation Similarity Examples

