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Aims and scope

(i) Research aims:

Investigate whether labour market outcomes in industries with low/high Automation Risk
Index (ARI) have been more affected by the penetration of automation technologies
presumably incorporating Al innovations.

Focus on how ARl shapes the impact of innovative capital/investment intensity (software,

computing equipment and communication equipment) on labour market outcomes, i.e.,
wages and hours worked

(i) Data
Detailed industry-level data (JIP) in the decade before the pandemic (2009-2019)
Detailed demographic group level labour market variables (wages, hours worked)
ARl as a context variable (low/high ARl industries at the beginning of the period)

(iii) Methods
Baseline panel FE model to investigate heterogeneity in the effects of innovative capital on
wages and hours worked and across high/medium/low ARI Industries

Simultaneous equations system to control for potential endogeneity of innovative capital
and labour market outcomes






The Automation Risk Index (ARI) for Japan — Summary

We map 504 Japanese occupations based on the risk of being replaced by automation.

To this aim we use an experts survey as in Frey and Osborne (2017) but we expand the list of subjective assessments
from 9 to 53 items (skills, abilities and nature of work) as in Paolillo et al. (2022)

ARl is based on primary data:
The survey is conducted on 13 experts and inquires about the extent to which Al is able to replace the 53 skills and
abilities in 2024 and their estimate for 2030 and 2040

We then compare this ability of Al to the skills and abilities of humans needed for each occupation mapped in the Skills
Evaluation Table of Job Tag

The Job Tag is the Japanese version of the US O*NET and reports data on skills, abilities, and the nature of work for 504
occupations based on a questionnaire survey of actual workers conducted by the Japanese Ministry of Health, Labour,
and Welfare.

The ARI calculation for each occupation is based on Paolillo et al. (2022)

1 denotes the ARI for occupation t
t denotes occupation, t=(1, 2, ....,504)

N d L . j denotes Skills Evaluation Table elements, j=(1, 2, ....., 53)
= J ’ ’ m; j denotes necessary level of Job Tag Skills Evaluation Table element
N . j for occupation t
2iZ1My,j j P

sj denotes the Al and robot skill level, (2024, 2030, 2040)
d() denotes logistic distribution function with location and scale
parameters set to 0 and 0.05, respectively.



The Automation Risk Index (ARI) for Japan - Extended explanation

Prior research: 'How to compete with robots by assessing job

automation risks and resilient alternatives,' in Science Robotics, April
2022.

(i) Prof. Floreano et al., with support from the European Commission and others, investigate the impact
of future robotics and Al on occupations

(i) They calculate workforce replacement potential by analyzing the skills and abilities required for each
occupation and evaluating them against the technological maturity of robots and Al

APRIL 2022

In about 1,000 job tasks.
~ How to compete with robots by assessing job Figures showing the potential for
' OthS automation risks and resilient alternatives replacement by robots

Detailed data used in the paper is available on GitHub.

-Replacement potential rates for about 1000 jobs
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Prior research: Prof. Floreano et al. methodology

(i) The skills and abilities required for the occupations defined by O*NET are mapped to the functions of Al
and robotics, and the technological maturity (TRL *2) of each robot and Al functionality is evaluated
based on literature surveys such as MAR*1. The Automation Risk Index (ARI) is calculated for each

occupation.
US O*NET List of elements Technological Maturity of Al and Robotics
A Robot functionality Literature Technology
defined in MAR - Investigation Maturity (TRL*2)
Ability: 52 (e.g., manual & Individual
. . I i : I i
Persistent attributes dexterity) Evaluation B o el
of a person Redefined as Properties that are Map TRL 9 7: Production-tested
“87" elements natural forrobots < g \P/:_::ivﬁe:d
necessary for (e.g. stamina) 4 Verified (laboratory)
the occupation - ]| 3: PoC Complete
. Al =l 2: Technical Concept
Properties that are scenarios ~TRL9 B
not natural for robots 4= Low-automation 0:ldea

(e.g., active leamning) scenarios—TRLO

|
Knowledge: 33

Earned by learning
Concepts

Data on the abilities
Used to propose and skills required for X = ARl

Evaluation of the ability of robots and Al to

alternative jobs each job respond to all 87 elements

*1 European H2020 Robotics Multi-Annual Roadmap (MAR)
*2 Technology Readiness Levels, HORIZON 2020 - WORK PROGRAMME 2014-2015




Prior research: Resulfs

Automation risk index
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v’ Prior research, based on US occupational data O*NET.
=Japanese occupational data (JobTag) & technological maturity
in 2024, 2030 and 2040.




Our proposal: Methodology

Original

Occupation

data

US O*NET.
Approximately
1,000 jobs

. <

Al and robotics

Technological maturity

Skills Evaluation Table

87 skills, abilities, etc. created from
items in O*NET

-A survey of the level of Al and robotics
technology in 2020 from various
literature sources

¥

Japanese version of Skills Evaluation
Table

53 skills, abilities, etc. from items in
JobTag

-A survey by prominent researchers

-Al and robotics technology level in 2024,
2030, 2040

Output

Automation Risk Index

-Replacement potential of
occupations in the United States.




Overview of the creation of the Japanese ARI

Technology
forecasting
questionnaire
53 items

Prominent
researchersin
Al and robotics
13 cases

(2)

O
dh &b
Target
2024
2030

(3)

Japanese version of skills evaluation table
(2024, 2030, 2040)

Applying the methodology
of Floreano et al.
(5)

Japanese version of
Automation Risk Index

(4

JobTag Data



(1) JobTag

(i) JobTag is an occupational information welbsite operated by the Japanese Ministry of Health, Labour

and Welfare (Japanese version of O-NET)

(i) Developed with reference to US O*NET. Data on skills, abilities, knowledge, nature of work, etc. for
about 500 occupations, based on questionnaire survey of actual workers

(i) Available as open data

Aboutthissite  Howtouseit  Self-Diagnostic Tool  Occupation Search  Know yourindustry and occupation

Frequently Asked Questions

Electrical Engineer (% oo [

Occupation aliases : i design
machinery manufacturing technician

* Electrical, and icati Engineers

networks), Electrical, ics, and
icati tworks and electrical

Industries to which it belongs : manufacturing industry

© What kind of work? © How to get ajob? © Features of working conditions © Job Ability Profile

© similar professions © Related Links

What kind of work?

We are engaged in the technical development and improvement of electrical
equipment and equipment, maintenance and management for safe operation,
and renewal work.

There are two types of electricity: strong and weak. Strong electricity covers
electricity (electric power) as a power source for moving devices and
equipment, and representative equipment and facilities in the field of strong
electricity include power generation equipment,

Power Receiving and Transforming EquipmentThere are electric lighting
equipment, etc. Weak electricity transmits electrical signals and controls
equipment by those signals, and typical devices in the field of weak electricity
are devices such as and televisions.

At power plants, which are one of the typical workplaces of electrical engineers,
they design generators and power generation facilities, manage their operation,

Source: https://shigoto.mhlw.go.jp/User/Occupation/Detail /272

Job Ability Profile
skill knowledge | ability interest Work Valuelick It of dneld ol cxplanation page of each numerical valu
= Profieofthe Job abiy-of s proession = “Work ity roflesnot eated [0t rofessicn
o : 3 4 s [
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1) JobTag

Occupation information download

About Occupation Information Data

The data files of "Vocational Commentary” and "Numerical Information on Occupations” that can be downloaded from
this page are the research and development products of the National Institute for Labour Policy and Training (the
"Occupation Information Database”).

All rights to the copyright of this database are reserved by the Organization. Please comply with the "Terms of Use” and

use it 50 as nat to infringe on the copyright of the Organization. Ty — T — : ' ' ' : : : ’ :

: E Ireut data for the cccusational inforastion retwork of Jasen
it i il E mes of professions listed onmodif
If you use the downloaded data file to write or publish a book, paper, etc., please be sure to include the source as follows. T 2 T T I T o e the Etolemioy - Listed snmdif et e T
Itis also necessary to include the file name and version number of the "Occupation Information Database”. 5 5 version 5.
s Dy azcupat ora with ruserical infaraation in <ne of the aress are included in this data. For this reasan, there are missing runkers in the “Recarded mumbers

7 7 [Lsst wastea. Sha thwet 3 for exiSting 0815 1888 par coupstion. (Excal waraion wnly)
- 8 20240401
s 9 Decupat (orm with *1 sk content validity corcern flag'have no task (nformat on.

Example of < when citing > w o ow (Prodsied and writtan by, I some occumaticre. the.irolerantation rate is Iaft blark for warious rensons for certain taske.
n n Mational Iretitute for Labour Po wd Yuwmns (NILPT)
B . B N . ) . 2 12 181 6 var iab 165 900 the COrraBRONGIng *IPD ranbar a4 "Ireut data dtai 18’ onSheat 2(Exce! version only)
Source: "0 y Download Data ver.1.8" created by the Japan Institute for Labour Policy and T -
- AT For rrrical =y dition to the meas and proportions of thia data, smole sizs, standard error, G8K contidence inter~als, etc. are.included
Training {JILPT) Downicaded ’: 15 The ‘Detaled Version Download Ihla is scheduled to be published additionally, aeraxinately cnce for each major versien.
" w®

hi mhlw.go.jp/L

on July 6,2020 from the job information site (Japan version O-NET) h

[Rorkine

o . [ L sociat Jo0od feanditiors  [occupaticnat

<Example of a case where the data is edited, processed, retabulated, etc. for secondary use> W recard ey [22Rt cenlistic  [sholaly  artistic o 1 ntarerising [custosary ‘ Lol staitity of [sataty and
ot relations  [swlowment ard[hesith

. . . . - . romarat icn)
Created by the Japan Institute for Labour Policy and Training (JILPT) "Occupation Information Database Simplified Numerical System
Download Data ver.1.8” Downloaded

Oocusati
on May 8, 2020 from the job information site (Japan version O-NET) { https://shigoto.mhiw. go.jp/User e
12 e 1 01 oon [1e0.g 1 01 |190.04 01e01 17004, 002 (190,091,059 |17m_04 01 904 [1P0_08.01 005 |170.04.01.008 |190_04 02,001 (190,00 2 0z |1P0 0. 002 (160,04 02,000 (190,04 2 o 100 2 oo
= ot - -
With the renewal on March 27, 2024, we have updated the occupational informatian data, mcludmgaddmg 10 occupations to the = = ! L7 7
lnd\wdualuccupatmn information, and we have also changed the ions when the L] @ ERED r
z i i
corm table is posted on May 14, 2024. Version 5.00 has heen released to reflect these changes. 3 2 3 ?% ﬁ;
A E) G
= ® 3.766] 867
» ® 1 =
A 1 E
List of occupational information data = 2 e e
2 E i e
ItemN ' i | File For Publish @ e
File Name versi le For ~ ublished o =
o. on mat n
" . . 5.00.0 downlo | October 11,2
oL Detailed Numerical System Download Data (Occupational Interest) 1 csv U:; < o
5.00.0 downlo | October11,2
02 Detailed Numerical System Download Data (Occupational Interest) 1 xlsx ad 024
5.00.0 nk October 11,2
03 Detailed Numerical System Download Data (Work Values) | csv m:‘jﬂ )

Source: https://shigoto.mhlw.go.jp/User/Download
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(2) The design of questionnaire items

Questionnaire items asking about skills and
competencies needed by workers by JobTag

JobTag*1 . JobTag
Questionnaire Worker data

O=— e~
Sl |
O — —

2: Multiply the unit price of a product by the
Skills that number of pieces and consumption tax to calculate

utilize the payment amount. (Nursing care office work 2.0)
Mathematica ~ mathemat  4: Accurately calculate the floor area of a building
| skill icsto under construction according to the actual shape,
solve including curves. (Surveyor 4.047)
problems.

6: Build a mathematical model to simulate an
engineering problem. (Data Scientist 5.1)

*1 Prepared by the Japan Institute for Labor Policy and Training (JILPT).

Questionnaire items on Al and robot
technology forecasts.

Technology
Forecasting Technology

Questionnaire  Prominent researchers Forecast
in Al and robotics

o— v -
o— @ 5‘ ) —
o dh 4 vz

—

What is the level of

53 items were extracted and mathematical skill in Al?
set up as survey items.

53 items, such as skills and competencies, nature of work, that
have an impact on Al and robotics, were extracted; a
guestionnaire was sent to researchers to find out what level Al
and robotics are at today and what level they could reach in
the future, in 2030 and 2040.

12



(2) Japanese version of Skills Evaluation Table

Reading comprehension

Listening skills

Writing skills

Explanatory power

Reading a foreign language

Listening to a foreign language

Writing in a foreign language

Speaking in a foreign language

Mathematical skill

Scientific skill

Critical thinking

New information
Application

Selection and practice of learnin
g methods

Continuous observation and eval
uation

Understanding the reactions of o
thers

Coordination with others

Persuasion

Negotiation

Guidance

Personal assistance services

Complex problem solving

Requirement analysis (Creation
of specifications)

Customization & Development

Selection of tools, equipment an
d facilities

Installation and configuration

Programming

Instrument monitoring

Operation & Control

Maintenance & Inspection

Identification of the cause of fail
ure, etc.

Repair

Quality checks

Rational decision-making

Analysis of the activities of comp
anies and organizations

Evaluation of the activities of co
mpanies and organizations

Time management

Money management

Materials management

Human resources management

Ability

Imagination about how things
look

Dexterity of the fingertips

The speed of movement of the a
rms and legs

Ability to generate many ideas a
nd alternatives

Ingenuity

Work in groups and teams

Face-to-face discussions

Contact with external customers

Coordinate and lead with others

Physical proximity to others

Freedom to make decisions

Self-setting priorities and goals

Responsibility for the health and s
afety of others

The impact of decisions on ot
hers and companies?

13



(2) Survey Sheet

QUESTIONNAIRE ON AI AND ROBOT
TECHNOLOGY PREDICTION«

August 2024+«

Research Institute of Economy, Trade and Industry / Nomura Research Institute, Ltd. «

14



(2) Survey Sheet

About the purpose of this survey

The "Questionnaire on Al and Robot Technology Forecasting" asks about the skills and abilities that are already possible
today or are expected to be realized in the future by mechanical devices and computer systems consisting of Al and robots,
assuming 2024, 2030, and 2040.

The items asked are based on the items used in the questionnaire and the results of the questionnaire conducted by the
Japan Institute for Labour Policy and Training (JILPT) to analyze the skills and abilities required for each occupation of
workers in Japan*1+2.

About the questionnaire in general

®  Your responses to the survey will not identify you.

® [As the results of questionnaire responses and attribute information, only the specialized field (Al, robot, etc.) and
affiliation (university, general company) are associated and kept as records.

Points to note when answering the questionnaire items

® [Regarding feasibility, "a medium-sized company with about 500 employees can implement it within one year, and
the expected reduction in labor costs and other costs from implementation exceeds the cost of implementation, so it is
economically attractive."

® You don't need any supporting evidence to respond. It's okay to make a subjective judgment, so please let us know
what you think. In addition, [depending on the target item, there may be items that are not specialized

Interview after the questionnaire
[After collecting the questionnaire, we will ask you to interview for one hour.] For specific interview items, please refer to
"Interview Item .docx".

*1 Japan Institute for Labor Policy and Training (JILPT) "Numerical explanation page of job ability profile"
*2 Created by the National Institute for Labor Policy and Training (JILPT), "Occupational Information Database Simplified
Numerical System Download Data ver.5.0.”



(2) Survey Sheet

About the answer
® Please refer to the definitions of Level 2, Level 4, and Level 6 for skills, and answer on a 7-point scale from Level 1 to
Level 7. In addition, as a reference value, typical occupations that require skills close to that level are listed.

In the example below, it is a question about reading comprehension. If Al and robots find it difficult to "2: Read and
understand the instructions on the questionnaire" in 2030, "1" and "2: Read and understand the instructions on the
questionnaire. "2" is feasible and reasonable as a level, and "2: Read and understand the instructions on the
questionnaire. “It does not extend to "4: Read and understand the document written about the management policy,"
and if the "middle" seems appropriate, "3"Please answer like this.

Example: Reading comprehension
Level 1:
Level 2: Read and understand the instructions on the questionnaire. (Building Cleaning 2.017)
Level 3:
Level 4: Read and understand documents written about management policies. (Bank Teller 4.016)
Level 5:
Level 6: Read and understand technical papers. (Computer Science Researcher 5.936, Judge: 6.615)
Level 7:

® The definition of the ability item is written for each level, so please answer the level that you think is feasible on a 5-
level scale or 4-level level.

® The definition of the nature of work, typical occupations corresponding to the level are listed. Please rate the level
that can be achieved by Al and robots

16



(2) Examples of questionnaire items

Level
1-7

Reading comprehe
nsion

Listening skills

Skills to read and understand
work-related documents.

The skill of listening attentive
ly, getting to the point, and a
sking the right questions whe
n necessary.

Skills to effectively convey inf
ormation in writing tailored t
o the reader.

2 : Read and understand the instructions on the questionnaire. (Building Cleaning 2.017)

4 : Read and understand documents written about management policies. (Bank Teller 4.016)

6 : Read and understand the content of technical papers. (Computer Science Researcher 5.936, Judge
:6.615)

2 : Take orders from customers at restaurants. (Product packaging worker 2.049)

4: Understand customer questions about products. (lllustrator 4.017)

6 : In a caraccident, hear the details of the situation from the parties involved and witnesses. (Lawye
r 5.949, Prosecutor 6.85)

2 : Write down the message on the phone. (Trucker 2.02)

4: Write a new project outline to employees. (System Engineer (Fundamental Systems) 4.017)

6 : Write a technical explanation of your field of specialization in a book for the general public. (Pate
nt Attorney 5.891, Judge 6.462)

17
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Al & robot technology predict

(3) Survey results

QUESTIONNAIRE ON Al AND ROBOT TECHNOLOGY PREDICTION

SURVEY RESULT

—2024 —2030 —2040

18



(3) Survey results: Al & robot technology prediction

Item (English)

- | Item(Japanese) 2024 32030 2040

Skill

Nature of Work

Reading comprehension =Rh 2.09091 4 5.2
Listening skills fHEEH 2.18182| 3.90909 4.8
Writing skills XEH 3.18182| 5.27273 6
Explanatory power Bl 2.72727 4.2| 5.63636
Reading a foreign language S EFEE RS 3727127 5 5.5
Listening to a foreign language A E 554 F< 3.27273| 5.09091 5.6
Writing in a foreign language SEET EL 3.36364| 4.63636 5.3
Speaking in a foreign language AEECHET 3.09091| 4.27273 5.1
Mathematical skill HENMEE 2.63636 4.2| 5.63636
Scientific skill (R OE 5= 2.6 3.8 4.6
Critical thinking Sm BRS- HE Sm (HE P09 B &) 2.18182 3.5| 4.54545
New information Application HLLERO IR D 2.727127 4 4.7
Selection and practice of learning methods FERHFENER-FE 1.18182| 2.54545 3.8
Continuous observation and evaluation B B Sl 2.45455| 3.90909| 5.27273
Understanding the reactions of others fhED R0 W g 1.63636| 3.09091 1.1
Coordination with others finFs DA 2.54545| 3.90909| 5.18182
Persuasion e 2.12727| 3.81818| 5.09091
Negotiation ik 2.54545 3.6 4.72727
Guidance HE 2.63636 3.9 4.8
Personal assistance services HABEBY 2R 2.63636| 4.36364 5.2
Complex problem solving 15 R R 2.3 3.5 4.6
Requirement analysis (Creation of specifications) o (LR ERD 2.5 4.2 5.2
Physical proximity to others fh&EeE O Bikr) i 1.36364| 2.45455 35
Freedom to make decisions BERAEDEH 1.44444 2.1 3.11111
Self-setting priorities and goals BERIEMCBEO AR TE 1.63636| 2.45455 33
Responsibility for the health and safety of others fihEoD EE-ZT~NOET 1.3 2.4 3.11111
The impact of decisions on others and companies? %;“;gﬁb{ & i i R 1.72727 2.7 3.6

19



(4) Method of calculating the Japanese version of the AR

(i) Calculation of the ARl based on Floreano et al.’s methodology

1+ denotes the ARI for occupation t

t denotes occupation, t=(1, 2, ....,504)

j denotes Skills Evaluation Table elements, j=(1, 2, ....., 53)

m, j denotes necessary level of Skills Evaluation Table element j for occupation t
s;j denotes the Al and robot skill level, (2024, 2030, 2040)

d () denotes logistic distribution function with location and scale parameters set
to 0 and 0.05, respectively.

20



Occupation name ARI 2024 AR1 2030 ART 2040

Data entry 0.5585439453 0.B863376862 0.999920066
Newspaper (delivery) worker 0.55627461 0.87937219726 0.89233793b
Picking worker 0.652601134 0.819634823 0.999374336
Product packaging worker 0.546126853 0.7/67632358 0.993663736
Building cleaning 0.545357648 0.836714839 0.986626893
Packaging worker 0.54267573 0.8087510567 0.993759835
Housekeeper (husband) 0.54159641 0.913558884 0.973716419
Station kiosk clerk 0.536863222 0.742636663 0.909583094
Parking management 0.528145852 0.8791858741 0.961374641
Food delivery (food deliverers) 0.524704031 0.809307648 0.90060897
Factory worker 0.5237261902 0.811501115 0.999954775
General business 0.519953%744 0.820412446 0.992329398
Housecleaning 0.514918674 0.89813478 0.9721312428
Receptionist 0.5131948186 0.818414855 0.987794974
Security guard 0.509685%06 0.82319018 0.9979241729
Polymer chemistry engineer 0.069136524 0.272318127 0.6779354567
Medical researcher 0.058833913 0.3572639751 0.754477607
Project manager (IT) 0.067195786 0.313405561 0.675626652
Pharmaceut ical researcher 0.047947909 0.7964388 0.696475878
Securities analyst 0.047018204 0.421758974 0.785946316
International cooperation specialist 0.037896861 0.366085813 0.807776659
Civil and building engineering researchers 0.024673767 0.267755510 0.68335739







Matching the ARl by occupation with other data sources

. ARI by Jobtag occupations
» 501 occupations
. Wage Census by occupation and industry
»  Establishment-level employee-employer matched data
. Employment status, working hours, and wage
. Firm and establishment size
» 144 occupations

» 500 industries (3-digit Japanese Standard  Industry
Classification)

. JIP database by industry
» 100 industries (original classification) for 1994-2020

» Gross output and value-added, labor and (tangible and
intangible) capital inputs, productivity.
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Automation Risk Index by occupation (Wage Census)

Highest ARl occupations Lowest ARI occupations

Steelmaking and Non-Ferrous

1 Packaging Workers 0.5461 0.7676 0.9937 Metal Smelting Workers 0.0001 0.4549 0.9250
2 Building and Facility Cleaners  0.5454 0.8367 0.9866 2 Researchers 0.0494 0.2991 0.6931
3 General Office Workers 0.5200 0.8204 0.9928 3 Civil Engineers 0.0699 0.3347 0.7929
Receptionists and Information University Lecturer/Assistant
4 0.5132 0.8184 0.9878
Clerks 4 Professor (including Technical  0.0703 0.3231 0.7059
Coll
5 Security Guards 0.5097 0.8232 0.9979 ollege)

University Professors (including 00703 03231 0.7059

6 Other Transport, Cleaning, and 05038 0.8145 09977 Technical Colleges)
Packaging Workers , . .
University Associate Professor 00703 03231 0.7059
7 Other Transportation Workers 0.4891 0.8109 0.9396 (including Technical College) ) ’ ’
8 Field Office Workers 0.4675 09228 0.9742 7 Transport Equipment Engineers 0.0887 0.3346 0.7816
Systems Consultants and
Commercial Freight Vehicle Dyesigners 0.0957 0.4140 0.7721
9 Driver (excluding Large 0.4622 0.8066 0.9932 ) .
9 Aircraft Pilots 0.1002 0.5079 0.8073

Vehicle)
Other Machinery Mechanics

10 Other Motor Vehicle Driver ~ 0.4622 0.8066 0.9932 | | 10 and Repairers 0.1048 0.4469 0.7858

Notes: The occupational classification is based on the Wage Census’s 144 occupations. The ARl is the
average weighted by working hours.
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Automation Risk Index by industry (JIP database)

Highest ARl industries

N oo o b

Industry
Road transportation

Woaste disposal

Laundry, beauty and bath
services

Hotels
Mail
Eating and drinking services

Tobacco

Other transportation and
packing

Entertainment

Textile products (except
chemical fibers)

2020
0.4045
0.3916

0.3739

0.3816
0.3585
0.3603
0.3122

0.3412

0.3447

0.3518

2023
0.4098
0.3962

0.3868

0.3699
0.3613
0.3572
0.3562

0.3507

0.3482

0.3470

Diff.
0.0053
0.0046

0.0129

-0.0117
0.0028
-0.0030
0.0440

0.0096

0.0036

-0.0048

Lowest ARI industries

Industry

1 Research

N

Pig iron and crude steel

Smelting and refining of non-
ferrous metals

D

Information services

(2}

Water supply for industrial use

[e)]

Sewage disposal

Semiconductor devices and
integrated circuits

8 Ordnance
9 Waterworks

10 Communication equipment

2020
0.1318
0.1471

0.1453

0.1753

0.2007
0.2022

0.1851

0.2356
0.1951
0.1982

2023 Diff.
0.1361 0.0043
0.1437 -0.0034

0.1446 -0.0007

0.1710 -0.0044

0.1766 -0.0241
0.1803 -0.0218

0.1839 -0.0013

0.1865 -0.0491
0.1911 -0.0040
0.1996 0.0013

Notes: The industry classification is based on the 100 industries in the JIP database. The ARI of the industry is
the weighted average of the ARI of the occupations in the industry, weighted by their share of total
employment
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Data

* ARI (2009 — 2019) computed weighting ARl in 2024 by the occupation composition in each industry/year
» JIP Industry 2023 (100 industries, 2009 — 2019)

Label definition level
In(h_wage) log of real hourly wage cell/year
In(hours) log of annual hours worked cell/year
In(innov_cap_int) log of real innovative capital (software + comp_equip + comm_equip) stock per hour worked industry/year
In(software_int) log of real software capital stock per hour worked industry/year
In(comp_equip_int) log of real computer equipment stock per hour worked industry/year
In(fcomm_equip_int) log of real communication equipment stock per hour worked industry/year
ud union density: (union members/workers) industry/year
mark-up mark-up: (net_GO-variab_costs)/net_GO industry/year
Imt labour market tightness: (job openings/job seekers) industry/year
sh_work_300+ share of workers in large companies: (300+ employees) industry/year
offshoring offshoring: (imported intermediate input / total intermediate input industry/year
In(RD_int) R&D intensity: (R&D real stock per hour worked) industry/year
In(non_IT_cap_int) log of real non IT capital (total capital - innov_cap) stock per hour worked industry/year
In(inf_serv_int) log of real expenditures in information services (from 10 table) per hour worked industry/year
ARI_bottom_50_ind09 Dummy variable =1 if in 2009 the industry had ARI < p50 of its distribution in 2009 industry
ARI_bottom_25_ind09 Dummy variable =1 if in 2009 the industry had ARI < p25 of its distribution in 2009 industry
ARI_2009 ARI in 2009 industry
Cell definition Gender Male Female

Age 15-24 25-34 35-44 45-54 55-64 65+

Education Primary Lower Secondary Junior College College

Employment status  Regular Non-regular Self/Family
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Changes in ARl and key variables (2009-2019)

ARl - Hourly wage and hours worked

A hourly wage (2009-2019)
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p=-0.093

A hours worked

T T
-1 -.05
A ARI (2009-2019)

p=-0.191*

Clear association of automation risk with wages and labour demand
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Innovative capital and wages

p =0.040

p=0.114
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Innovative capital and hours worked
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(IV)




Simultaneous equation approach

We use a simultaneous equations system to control for potential endogeneity of innovative capital and labour
market outcomes

Hours worked affect wage rates and viceversa (Moffitt, 1982, 1984; Pencavel and Holmlund, 1988; Tummers and
Woittiez, 1991; Mohanty and Golestani, 2017).

Innovative capital can be endogenous and linked to wages and hours worked: higher wages encourage
investments that lower labour costs. At the same time, the disutility of hours worked for high-wage earners or a
decreasing labour supply due to demographic changes (Acemoglu, 2021) may drive the adoption of automation
technologies that replace human labour.

Relying on labour economics literature, we follow Mohanty (2019), who adopted a three-simultaneous equation
approach to investigate the relationships between wages, hours worked, and job satisfaction.

We replace job satisfaction with innovative capital, considering it alongside hourly wages and hours worked as
dependent variables. These are viewed as endogenous and correlated with the disturbances in the system'’s
equations.

The exogenous variables are used as instruments for the endogenous variables.

The system is identified such that for each equation (i), the total number of exogenous variables in the system, minus
the exogenous variables employed in equation (i), exceeds the number of endogenous variables utilised in that
equation (i) (Theil, 1971; Greene, 2018).
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Simultaneous equation approach

hwagel-gcjkt =a+ ﬁlhoursigcjkt + Byinnov_cap;: + Bz(innov_cap x ARl pot10ms0)ic +0yImtie + fsmarkup;: + Leudis +

B7sh_w_large_firms;s + T¢ + Nigeji + Eigejke (1)

hourigejke = @ + yrhwagegcje + v2innov_cap; + yz(innov_cap x ARIpottomso)ic +va0ffshory + t¢ + Nigejr + Eigejre

(2)

innov_capi = @ + Aihoursigejie + 12hwageigejre +A3RDie + Agnon_IT capie+ Asinf_serv_inp; + T¢ + Nigej + Eigejie

3)

Where:
industry i (i=1, ..., 100), genderg (g =1, 2), age group j (j = 1, ..., 6), educational attainment k (k =1,..., 4), contfract ¢
(c=1,....3), yeart (t=1, ..., 11).

hourly wages, hours worked and innovative capital are the endogenous variables
B> and y, are the effects of innovative capital in industries with ARl above the median in 2009
(B2 +B3) and (y, + v3) are the effects of innovative capital in industries with ARl below the median in 2009

labour market tightness, mark up, union density and share of workers in large firms are control (exogenous) variables in
the wage equation (1)

offshoring is the control (exogenous) variable in the labour demand equation (2)

research and development assets, non-IT capital and information input services are control (exogenous) variables in the
innovation equation (3)

Tt Migepre Qre time and cell-level fixed effects
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(V)




Baseline Model

Protective effects of low
exposure fo ARl  on the
detrimental effects of innovative
capital intensity on wages and
hours worked

Expected effects of the
endogenous and exogenous
drivers of wages, hours worked
and

In(h_wage) In(hours)  In(innov cap_int)
VARIABLES innov cap innov cap innov cap
In(innov_cap_int) -0.081*** -0.682%**
(0.005) (0.016)
In(innov_cap_int)*ARI_bottom_50_ind09 0.030%** 0.043***
(0.002) (0.010)
In(software_int)
In(software_int)*ARI_bottom_50_ind09
In(comp_equip_int)
In(comp_equip_int)*ARI_bottom_50_ind09
In(comm_equip_int)
In(comm_equip_int)*ARI_bottom_50_ind09
In(hours) -0.108***
(0.005)
ud 0.001***
(0.000)
mark-up -0.378%** 0.401%**
(0.009) (0.010)
Imt 0.033***
(0.002)
sh_work_300+ 0.073*** 0.040%**
(0.006) (0.006)
In(h_wage) -1.242%%*
(0.071)
offshoring -1.044%**
(0.062)
In(RD_int) 0.076%**
(0.004)
In(non_IT_cap_int) 0.652%**
(0.003)
In(inf_serv_int) 0.243%**
(0.002)
Constant -0.030*** -0.165%** -0.178***
(0.002) (0.007) (0.002)
Observations 138,432 138,432 138,432
R-squared -0.151 -0.066 0.484

Standard errors in parentheses; cell and time fixed year effects included

*** p<0.01, ** p<0.05, * p<0.1
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Innovative capital and its components

In(h_wage) In(hours) In(h_wage) In(hours) In(h_wage) In(hours) In(h_wage)  In(hours)
VARIABLES innov cap innov cap software  software comp equip comp equip comm equip comm equip
In(innov_cap_int) -0.081*** -0.682%***
(0.005) (0.016)
In(innov_cap_int)*ARI_bottom_50_ind09 0.030***  (0.043***
(0.002)  (0.010)
In(software_int) -0.039*%** -0,599***
(0.008) (0.028)
In(software_int)*ARI_bottom_50_ind09 0.051%**  0,125***
(0.006)  (0.025)
In{comp_equip_int) -0.094***  -0,401%**
(0.005) (0.019)
In(comp_equip_int)*ARI_bottom_50_ind09 0.061%**  (0.117***
(0.005) (0.018)
In(fcomm_equip_int) -0.089***  -0.696***
(0.004) (0.016)
In(comm_equip_int)*ARI_bottom_50_ind09 0.023%** 0.071***
(0.002) (0.007)

Protective effects of low exposure to ARI confirmed for all components ...

... but relatively stronger for software, the component more closely related to Al

Results are confirmed for sectors below p25 of the ARI distribution in 2009
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Heterogeneity by workers' attributes (total innovative capital)

(i) Education

VARIABLES In(h_wage) In(hours) In(h_wage) In(hours) In(h_wage)  In(hours) In(h_wage) In(hours)
In(innov_cap_int) primary primary secondary  secondary juncoll jun coll college college
-0.069***  .0,792%** -0.113%**  -0.669*** -0.113%**  .0.663*** -0.054%**  .0,598%**
In(innov_cap_int)*ARI_bottom_50_ind09 (0.009) (0.033) (0.008) (0.025) (0.011) (0.030) (0.010) (0.026)
0.020*** 0.016 0.038***  0.064%** 0.030*** 0.044** 0.034*** 0.029*
(0.005) (0.021) (0.004) (0.016) (0.005) (0.020) (0.005) (0.017)

The detrimental effect of innovative capital is weaker for college graduates and the protective

effect of low ARl is relatively stronger

(i) Gender

VARIABLES In(h_wage) In(hours) In(h_wage) In(hours)
In(innov_cap_int) male male female female
-0.078***  -0.637*** -0.079*** -0, 715%%*
In(innov_cap_int)*ARI_bottom_50_ind09 (0.006) (0.021) (0.007) (0.023)
0.043*** 0.094*** 0.014%** -0.019
(0.003) (0.014) (0.004) (0.015)

Male workers are significantly better sheltered compared to female workers
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Hetferogeneity by workers’ attributes (total innovative capital)

(iii) Age
VARIABLES In(h_wage) In(hours) In(h_wage) In(hours) In(h_wage) In(hours)
In(innov_cap_int) 15-34yo 15-34yo 35-54yo 35-54yo over55yo over55yo
-0.053*** -0.639*** -0.091*** -0.677*** -0.105*** -0.693%**
In(innov_cap_int)*ARI_bottom_50_ind09 (0.006) (0.024) (0.007) (0.025) (0.012) (0.030)
0.022%** 0.047*** 0.023*** 0.055*** 0.043*** 0.009
(0.004) (0.016) (0.004) (0.017) (0.005) (0.020)

The detrimental effect of innovative capital on wages is weaker for young workers, but older
workers are more sheltered by working in low ARl industries

Results are confirmed (and reinforced) for sectors below p25 of the ARI distribution in 2009

(*ARI_bottom_25_ind09)

Results are confirmed for the single components of innovative capital

For Software, in particular, the protective role of low ARI sectors is significantly stronger
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(Vi)




Final Remarks

Our main empirical evidence indicates that increasing intensity of innovative capital exerts a decreasing
effect not only on employment (labour demand, via a substitution effect), but also on wages

In the wage equation, the impact of innovative capital intensity on wages can be interpreted as follows:

Indirect effect (via labour demand): higher intensity of innovative capital decreases hours worked
and, consequently, hourly productivity and wages increase

Direct effect: hours worked being equal, higher intensity of innovative capital negatively affects
the bargaining power of those workers not (yet) replaced by capital, who accept wage
moderation due to the threat of being replaced

This interpretation is supported by the fact that in industries where occupations with a low automation risk
index are predominant, the negative impact on wages is less pronounced because the threat of being
replaced is weaker

Future research efforts will aim at disentangling such effects using microdata (matched employer-
employee data - BSWS, BSIBSA, EEC)

We will investigate how the risk of automation replacement (at the individual worker level) affects the
relationship between innovative investment-driven gains in productivity and wages and how this effects
depends on the characteristics of workers that shape their bargaining power
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