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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 AI innovations.

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

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

wages and hours worked 

(ii) Data

• Detailed industry-level data (JIP) in the decade before the pandemic (2009-2019)

• Detailed demographic group level labour market variables (wages, hours worked) 

• ARI as a context variable (low/high ARI 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
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(i)

Background 

and methods
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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)

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

We then compare this ability of AI 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)

𝑟𝑡 =
𝛴𝑗=1

𝑁 𝑚𝑡,𝑗𝑑 𝑠𝑗 − 𝑚𝑡,𝑗

𝛴𝑗=1
𝑁 𝑚𝑡,𝑗

𝑟𝑡 denotes the ARI for occupation t
t denotes occupation, t=(1, 2, ….,504) 
j denotes Skills Evaluation Table elements, j=(1, 2, ….., 53)
𝑚𝑡,𝑗 denotes necessary level of Job Tag Skills Evaluation Table element 
j for occupation t
𝑠𝑗 denotes the AI and robot skill level, (2024, 2030, 2040)
𝑑() denotes logistic distribution function with location and scale 
parameters set to 0 and 0.05, respectively. 
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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 AI on occupations

(ii) 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 AI

source） https://www.science.org/toc/scirobotics/7/65
https://github.com/lis-epfl/jobrisk

How to compete with robots by assessing job 
automation risks and resilient alternatives

Detailed data used in the paper is available on GitHub.
-Replacement potential rates for about 1000 jobs

In about 1,000 job tasks.
Figures showing the potential for 
replacement by robots

The Automation Risk Index (ARI) for Japan – Extended explanation 
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Prior research: Prof. Floreano et al. methodology 

US O*NET

Ability: 52
Persistent attributes 

of a person

Skill: 35
Developed and 

trained 

competencies

Knowledge: 33
Earned by learning

Concepts

Redefined as 

“87” elements 

necessary for 

the occupation

List of elements

36 items

Literature 
Investigation 

& Individual 

Evaluation

A Robot functionality 

defined in MAR *1 

(e.g., manual 

dexterity)

7 items
Properties that are 
natural for robots 

(e.g., stamina)

44 items
Properties that are 

not natural for robots 

(e.g., active learning)

Technological Maturity of AI and Robotics

Technology 

Maturity (TRL*2)

*1 European H2020 Robotics Mult i-Annual Roadmap（MAR）

*2 Technology Readiness Levels, HORIZON 2020 – WORK PROGRAMME 2014-2015 

9: In operation
8: Commercialized
7: Production-tested

6: Proven
5: Verified

4: Verified (laboratory)
3: PoC Complete
2: Technical Concept

1: Basic research
0: Idea

Map TRL 9

Highly automated 

scenarios →TRL9
Low-automation 

scenarios→TRL0

Evaluation of the ability of robots and AI to 

respond to all 87 elements
ARI

Data on the abilities 

and skills required for 
each job

× =Used to propose 

alternative jobs

M
a
p
p

in
g

(i) The skills and abilities required for the occupations defined by O*NET are mapped to the functions of AI

and robotics, and the technological maturity (TRL *2) of each robot and AI functionality is evaluated 

based on literature surveys such as MAR*1. The Automation Risk Index (ARI) is calculated for each 

occupation.
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Prior research: Results

✓ Prior research, based on US occupational data O*NET.

⇒Japanese occupational data (JobTag) & technological maturity 

in 2024, 2030 and 2040.
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Our proposal: Methodology

Occupation 

data
AI and robotics

Technological maturity
Output

Original

Our 

proposal

US O*NET.

Approximately 
1,000 jobs

Skills Evaluation Table

87 skills, abilities, etc. created from 

items in O*NET
-A survey of the level of AI and robotics 
technology in 2020 from various 

literature sources

JobTag

Approximately 
500 jobs

Japanese version of Skills Evaluation 

Table

53 skills, abilities, etc. from items in 

JobTag
-A survey by prominent researchers 

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

Automation Risk Index
-Replacement potential of 
occupations in the United States.

Japanese version of

Automation Risk Index
-Replacement potential of 

occupations in Japan in 2024, 2030 
and 2040
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Overview of the creation of the Japanese ARI

Target

2024
2030

2040

Prominent 

researchers in 
AI and robotics

13 cases Japanese version of skills evaluation table

(2024, 2030, 2040)

JobTag Data

Japanese version of

Automation Risk Index

Technology 

forecasting
questionnaire

53 items

Applying the methodology 

of Floreano et al.

(1)

(2)

(4)

(3)

(5)
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(1) JobTag

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

and Welfare (Japanese version of O-NET)

(ii) 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

(iii) Available as open data 

Source: https://shigoto.mhlw.go.jp/User/Occupation/Detail/272
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(1) JobTag

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

Mathematica

l skill

Skills that 

utilize 

mathemat

ics to 

solve 
problems.

2: Multiply the unit price of a product by the 

number of pieces and consumption tax to calculate 
the payment amount. (Nursing care office work 2.0)

4: Accurately calculate the floor area of a building 
under construction according to the actual shape, 

including curves. (Surveyor 4.047)

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

Worker

e.g.

Questionnaire items asking about skills and 

competencies needed by workers by JobTag

JobTag 

data

JobTag*1

Questionnaire

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

53 items, such as skills and competencies, nature of work, that 
have an impact on AI and robotics, were extracted; a 

questionnaire was sent to researchers to find out what level AI 

and robotics are at today and what level they could reach in 

the future, in 2030 and 2040.

Technology 

Forecasting

Questionnaire Prominent researchers 

in AI and robotics

Technology 

Forecast

Questionnaire items on AI and robot 

technology forecasts.

What is the level of 

mathematical skill in AI?53 items were extracted and

set up as survey items.
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(2) Japanese version of Skills Evaluation Table

Skill

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

Nature of Work

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?
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(2) Survey Sheet
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(2) Survey Sheet

About the purpose of this survey
The "Questionnaire on AI 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 AI 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 (AI, 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.”
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(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 AI 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 AI and robots
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(2) Examples of questionnaire items

Skills Substance
Level
1-7

2024 2030 2040

Reading comprehe
nsion

Skills to read and understand 
work-related documents.

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)

Listening skills

The skill of listening attentive

ly, getting to the point, and a
sking the right questions whe
n necessary.

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

4: Understand customer questions about products. (Illustrator 4.017)
6 : In a car accident, hear the details of the situation from the parties involved and witnesses. (Lawye
r 5.949, Prosecutor 6.85)

Writing skills
Skills to effectively convey inf

ormation in writing tailored t
o the reader.

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)
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(3) Survey results: AI & robot technology prediction 
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(3) Survey results: AI & robot technology prediction  

… … … … …
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(4) Method of calculating the Japanese version of the ARI

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

𝑟𝑡 =
𝛴𝑗=1

𝑁 𝑚𝑡,𝑗𝑑 𝑠𝑗 − 𝑚𝑡,𝑗

𝛴𝑗=1
𝑁 𝑚𝑡,𝑗

𝑟𝑡 denotes the ARI for occupation t
t denotes occupation, t=(1, 2, ….,504) 
j denotes Skills Evaluation Table elements, j=(1, 2, ….., 53)
𝑚𝑡,𝑗 denotes necessary level of Skills Evaluation Table element j for occupation t

𝑠𝑗 denotes the AI and robot skill level, (2024, 2030, 2040)

𝑑() denotes logistic distribution function with location and scale parameters set 
to 0 and 0.05, respectively. 
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(5) Survey results: Japanese version of the ARI 

… … … …
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(ii)

ARI 

distributions
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Matching the ARI 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.



Highest ARI occupations Lowest ARI occupations
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Automation Risk Index by occupation (Wage Census)

Occupation ARI2024 ARI2030 ARI2040

1 Packaging Workers 0.5461 0.7676 0.9937

2 Building and Facility Cleaners 0.5454 0.8367 0.9866

3 General Office Workers 0.5200 0.8204 0.9928

4
Receptionists and Information 
Clerks

0.5132 0.8184 0.9878

5 Security Guards 0.5097 0.8232 0.9979

6
Other Transport, Cleaning, and 
Packaging Workers

0.5038 0.8145 0.9977

7 Other Transportation Workers 0.4891 0.8109 0.9396

8 Field Office Workers 0.4675 0.9228 0.9742

9
Commercial Freight Vehicle 
Driver (excluding Large 
Vehicle)

0.4622 0.8066 0.9932

10 Other Motor Vehicle Driver 0.4622 0.8066 0.9932

Occupation ARI2024 ARI2030 ARI2040

1
Steelmaking and Non-Ferrous 
Metal Smelting Workers

0.0001 0.4549 0.9250

2 Researchers 0.0494 0.2991 0.6931

3 Civil Engineers 0.0699 0.3347 0.7929

4
University Lecturer/Assistant 
Professor (including Technical 
College)

0.0703 0.3231 0.7059

5
University Professors (including 
Technical Colleges)

0.0703 0.3231 0.7059

6
University Associate Professor 
(including Technical College)

0.0703 0.3231 0.7059

7 Transport Equipment Engineers 0.0887 0.3346 0.7816

8
Systems Consultants and 
Designers

0.0957 0.4140 0.7721

9 Aircraft Pilots 0.1002 0.5079 0.8073

10
Other Machinery Mechanics 
and Repairers

0.1048 0.4469 0.7858

Notes: The occupational classification is based on the Wage Census’s 144 occupations. The ARI is the 
average weighted by working hours.



Highest ARI industries Lowest ARI industries
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Automation Risk Index by industry (JIP database)

Industry 2020 2023 Diff.

1 Road transportation 0.4045 0.4098 0.0053

2 Waste disposal 0.3916 0.3962 0.0046

3
Laundry, beauty and bath 
services

0.3739 0.3868 0.0129

4 Hotels 0.3816 0.3699 -0.0117

5 Mail 0.3585 0.3613 0.0028

6 Eating and drinking services 0.3603 0.3572 -0.0030

7 Tobacco 0.3122 0.3562 0.0440

8
Other transportation and 
packing

0.3412 0.3507 0.0096

9 Entertainment 0.3447 0.3482 0.0036

10
Textile products (except 
chemical fibers)

0.3518 0.3470 -0.0048

Industry 2020 2023 Diff.

1 Research 0.1318 0.1361 0.0043

2 Pig iron and crude steel 0.1471 0.1437 -0.0034

3
Smelting and refining of non-
ferrous metals

0.1453 0.1446 -0.0007

4 Information services 0.1753 0.1710 -0.0044

5 Water supply for industrial use 0.2007 0.1766 -0.0241

6 Sewage disposal 0.2022 0.1803 -0.0218

7
Semiconductor devices and 
integrated circuits

0.1851 0.1839 -0.0013

8 Ordnance 0.2356 0.1865 -0.0491

9 Waterworks 0.1951 0.1911 -0.0040

10 Communication equipment 0.1982 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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(iii)

Data and  

descriptive 
evidence 
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Data

• ARI (2009 – 2019) computed weighting ARI in 2024 by the occupation composition in each industry/year

• JIP Industry 2023 (100 industries, 2009 – 2019)
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Changes in ARI and key variables (2009-2019) 

Clear association of automation risk with wages and labour demand

ARI - Hourly wage and hours worked

ρ = -0.093 ρ = -0.191*
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Innovative capital and wages

ρ = 0.040

ρ = 0.114

ρ = -0.078

ρ = 0.156
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Innovative capital and hours worked

ρ = -0.478***

ρ = -0.196*

ρ = -0.320**

ρ = -0.139
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(iv)

Methods
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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

Where:

• industry i (i = 1, …, 100), gender g (g = 1, 2), age group j (j = 1, …, 6), educational attainment k (k =1,…, 4), contract c 

(c=1, …, 3), year t (t=1, …, 11).

• hourly wages, hours worked and innovative capital are the endogenous variables

• 𝜷2 and 𝜸2 are the effects of innovative capital in industries with ARI above the median in 2009

• (𝜷2 +𝜷𝟑) and (𝜸2 + 𝜸𝟑) are the effects of innovative capital in industries with ARI 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)

• 𝜏𝑡,  𝜂𝑖𝑔𝑐𝑗𝑘 are time and cell-level fixed effects

ℎ𝑤𝑎𝑔𝑒𝑖𝑔𝑐𝑗𝑘𝑡 = 𝛼 + 𝛽1ℎ𝑜𝑢𝑟𝑠𝑖𝑔𝑐𝑗𝑘𝑡 + 𝛽2𝑖𝑛𝑛𝑜𝑣_𝑐𝑎𝑝𝑖𝑡 + 𝜷𝟑(𝒊𝒏𝒏𝒐𝒗_𝒄𝒂𝒑 𝒙 𝑨𝑹𝑰𝒃𝒐𝒕𝒕𝒐𝒎𝟓𝟎)𝒊𝒕 +𝛽4𝛾𝑙𝑚𝑡𝑖𝑡 + 𝛽5𝑚𝑎𝑟𝑘𝑢𝑝𝑖𝑡 + 𝛽6𝑢𝑑𝑖𝑡 +

𝛽7𝑠ℎ_𝑤_𝑙𝑎𝑟𝑔𝑒_𝑓𝑖𝑟𝑚𝑠𝑖𝑡 + 𝜏𝑡 + 𝜂𝑖𝑔𝑐𝑗𝑘 + 𝜀𝑖𝑔𝑐𝑗𝑘𝑡 (1)

ℎ𝑜𝑢𝑟𝑖𝑔𝑐𝑗𝑘𝑡 = 𝛼 + 𝛾1ℎ𝑤𝑎𝑔𝑒𝑖𝑔𝑐𝑗𝑘𝑡 + 𝛾2𝑖𝑛𝑛𝑜𝑣_𝑐𝑎𝑝𝑖𝑡 + 𝜸𝟑(𝒊𝒏𝒏𝒐𝒗_𝒄𝒂𝒑 𝒙 𝑨𝑹𝑰𝒃𝒐𝒕𝒕𝒐𝒎𝟓𝟎)𝒊𝒕 +𝛾4𝑜𝑓𝑓𝑠ℎ𝑜𝑟𝑖𝑡 + 𝜏𝑡 + 𝜂𝑖𝑔𝑐𝑗𝑘 + 𝜀𝑖𝑔𝑐𝑗𝑘𝑡 

(2)

𝑖𝑛𝑛𝑜𝑣_𝑐𝑎𝑝𝑖𝑡 = 𝛼 + 𝜆1ℎ𝑜𝑢𝑟𝑠𝑖𝑔𝑐𝑗𝑘𝑡 + 𝜆2ℎ𝑤𝑎𝑔𝑒𝑖𝑔𝑐𝑗𝑘𝑡 +𝜆3𝑅𝐷𝑖𝑡 + 𝜆4𝑛𝑜𝑛_𝐼𝑇_𝑐𝑎𝑝𝑖𝑡+ 𝜆5inf _𝑠𝑒𝑟𝑣_𝑖𝑛𝑝𝑖𝑡 + 𝜏𝑡 + 𝜂𝑖𝑔𝑐𝑗𝑘 + 𝜀𝑖𝑔𝑐𝑗𝑘𝑡 

(3)
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(v)

Results
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• Protective effects of low 

exposure to ARI 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 innovative capital

Baseline Model
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Innovative capital and its components

• Protective effects of low exposure to ARI confirmed for all components …

• … but relatively stronger for software, the component more closely related to AI

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

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

effect of low ARI is relatively stronger

(i) Education

(ii) Gender

• Male workers are significantly better sheltered compared to female workers



38

Heterogeneity by workers’ attributes (total innovative capital)

• The detrimental effect of innovative capital on wages is weaker for young workers, but older 

workers are more sheltered by working in low ARI industries 

(iii) Age

• 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



39

(vi)

Final remarks
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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, BSJBSA, 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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