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The Solow paradox:explicable and inevitable?
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Challenges for emerging economies:ending the 
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ICT ïnot just another 

technology 

Ådoubling every two years

Å= 1000  times in 20 years, 1 million in 40 

Åin processing speed, memory, bandwidth 

3

aƻƻǊŜΩǎ [ŀǿ

Big data analysis

Machine learning and robotics 

Artificial intelligence super intelligence

Åinfinitely replicable at almost zero 
marginal cost 

Software
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Current automation capability  versus humans performance
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Automation potential by type of activity
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Source: McKinsey Global Institute, A Future that Works, 2017
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Automation potential by occupation
% of specific activities automatable
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Example occupations

Sewing machine operators, graders and sorters 
of agricultural products

Stock clerks, travel agents, watch repairers

Chemicaltechnicians, nursing assistants, 
Web developers

Fashion designers,chief executives, statisticians

Psychiatrists, legislators
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Potential to automate by sector 
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Scenarios for automation

Technical automation
potential

Early scenario
Late scenario

Source: McKinsey Global Institute , A  Future that Works, 2017 
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Productivity growth in the US 
% per annum  
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aƻƻǊŜΩǎ [ŀǿ

Software infinitely replicable

Artificial intelligence, big data and 
robotics

ά¸ƻǳ Ŏŀƴ ǎŜŜ ǘƘŜ ŎƻƳǇǳǘŜǊ 
age everywhere but in the 
ǇǊƻŘǳŎǘƛǾƛǘȅ ǎǘŀǘƛǎǘƛŎǎέ

(Robert Solow, 1987) 

The Paradox
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UK output per hour worked: 2000-2016
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Solowôs paradox inevitable?  

üBaumoleffects and the hi-tech/hi-touch paradox  

üThe zero-sum paradox  

üNil or low cost benefits missing from GDP 

13
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The standard paradigm

Starting Point

100 self-sufficient 
farmers produce 
100 units of food

New position

50 farmers produce 100 
units of food

50  workers produce 100 
units of cars, washing 
machines, televisions, etc.

Measured total economy 
productivity doubles

Technical 
progress
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Endlessly repeatable progress?

50 farmers produce 
100 units of food

50  factory workers 
produce 100 

manufactured goods

ü 25 farmers producing 100 food

ü 50 factory workers producing 
200 cars, washing machines, 
televisions

ü 15 factory workers producing 60 
units of computers, mobile 
phones and software applications

ü 10service workers producing 40 
units of healthcare

400 units of value ς
productivity doubled again

Further

technical 

progress
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The Baumol Effect

100 farmersproduce 
100 units of food

50 farmers produce 100units of food

50domestic servants paid ½ as much 
produce 50units of value

ÅAgriculturalproductivity 
doubles

ÅTotal economy productivity 
increased 50%

ÅThe actual pattern in the first 
Agricultural Revolution? 

Technical 
progress
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Asymptotic rather than endlessly 

repeatable progress

25 farmers 100 food

75 servants 75 
services

50 farmers produce 
100 units of food

50 domestic 
servants produce 

50 services

1 farmer 100 food

99 servants 99 
services

Total measured 
productivity: 

+16.6%

Asymptotic limit 
at +100%

Double 
agricultural 
productivity

Further 
progress
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The Baumol Effect with high paid artists 

100 farmersproduce 
100 units of food

50 farmers produce 100units of food

45 domestic servants paid ½ as 
much produce 45units of value

5 artists, singers, entertainers and 
fashion designers paid twice as much 
produce 20units of value 

Technical 
progress

Productivity growth 
still eventually 

asymptotes 
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Determinants of intensity of Baumol effect 

19

üAutomation potential in newly emerging 
economic activities 

ü Impact of productivity increase on income 
distribution 

τin part determined by asset ownership 

üConsumption choices of winners from initial 
productivity increase
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Twenty first century technology

London  

20
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US Jobs growth forecast 2014 ï2024 

21

Occupational categories by speed of 
job growth 

Forecast job 
growth (000s)

1 Personal careaides 458

2 Registered nurses 439

3 Homehealth aides 348

4 Food preparation and servingworkers 343

5 Retail sales persons 314

6 Nursingassistants 262

7 Customerservices reps 253

8 Cooks,restaurant 158

9 General and operations managers 151

10 Constructionlabourers 147

Total top 10 2873 (29%)

13 Janitorsand cleaners 136

14 Software developers, applications 135

Median annual wage 
May 2014 ($000s)

20
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22

31

97

31

23
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9
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Source: Bureau of LaborStatistics, www.bls.gov; Projections of Occupational 
Employment, 2014 ς2024  

All sector 
average: 36

http://www.bls.gov/
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A manager explains what 
will happen when he 
opens the crates:

The Baumol effect in India:

Automation of tea packing 

His job will go. And 
his over there; and 
ǘƘŀǘ ƻƴŜΩǎ too

But the manager insists that, 
as in the past, he will 

somehow find jobs for 
everyone ςas drivers or even 

watchmen if necessary

LƴŘƛŀΩǎ 9ŎƻƴƻƳȅΥ Wǳǎǘ the job. The Economist, 16 September 2017 
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The Hi-Tech Hi-Touch Paradox 

The more rapidly technological progress enables 
automation of existing activities...

ΧǘƘŜ ƳƻǊŜ Ƙƛ-touch jobs grow in activities 
which at least for now cannot be 
automated, or where wages are low enough 
to make automation uneconomic  

23
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Zero-sum activities in the simple model

100 farmersproduce 
100 units of food

50 farmers produce 100food

ÅTotal measured productivity 
increases 25%

ÅBut no human welfare benefit 
of increased consumption

25criminals

25police paid same as farmers

Technical 
progress
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Two separate questions

Technical progress 
increased 

productivity in specific 
sectors

Does total measured 
productivity increase?

Does rising GDP per 
capita deliver 
increased human 
welfare??

More efficient 
farmers more 
criminals + police 

Yes ςbut not as 
much as in standard 
paradigm

NO
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ü Politics, elections, lobby groups, think-ǘŀƴƪǎΧ ŀƴŘ ŜǾŜƴ 
academic economists!

ü Cyber criminals and large number of high skilled cyber 
experts within companies

ü Bad selling practices, financial regulators, compliance 
officers and compensation lawyers

ü All legal services?

üMuch financial trading and complex financial innovation

ü Servicing the purchase and sale of existing real estate

ü Some educational services ςzero-sum job market signalling 
competition? 

Zero-sum activities in the modern economy

26
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Fashion, design and intensive branding 

activities

27

Competition to develop 
fashions and design that 

excite attention and 
command brand 

presence

Expression of human 
creativity which contributes 
to human welfare ςas 
production and 
consumption activity

But

ÅZero-sum cycle: fashions 
and brands of 2050 no 
better for human welfare 
than those of  2017

ÅBaumoltype in nature

ÅLimited potential for 
automation
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Automation potential by occupation
% of specific activities automatable
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Example occupations

Sewing machine operators, graders and sorters 
of agricultural products

Stock clerks, travel agents, watch repairers

Chemicaltechnicians, nursing assistants, 
Web developers

Fashion designers,chief executives, statisticians

Psychiatrists, legislators
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Automation and games 

üComputers  can easily beat grand masters ςbut 
ǘƘŜ ǿƻǊƭŘΩǎ ǘƻǇ ŎƘŜǎǎ ǇƭŀȅŜǊǎ  ƴƻǿ ŜŀǊƴ ƻǾŜǊ ϷмƳ 
per annum 

üIf in 2050 robots can beat Man United ςtop 
soccer players earnings will not fall 

29
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Automation and the zero-sum Paradox 

Rapid technological progress could eventually 

automate away almost all the activities which are truly 

essential for human welfare 

... while supporting increased intensity of  zero-

sum competition for relative income and status 

Χ so that zero sum activities account for an 

increasing % of employment and measured 

output over time  

30
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US employment by industry
1992 and 2014

1992
%of total

2014
%of total

Agricultural 2.1 1.4

Construction 3.7 4.1

Manufacturing 13.6 8.1 -5.5

Retail, wholesale & 
Transportation 17.3 17.3

Information 2.1 1.8

Financial &business 
services 14.2 18.0 +3.8

Education& healthcare 9.6 14.3 +3.7

Leisure& recreation 7.7 9.8 +2.1

Government 15.2 14.5

31

Source: Bureau of LaborStatistics
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Baumol type and zero-sum activities: 

finding things to do

ü YŜȅƴŜǎΥ ά9ŎƻƴƻƳƛŎ tƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ ƻǳǊ DǊŀƴŘŎƘƛƭŘǊŜƴέ όмфнфύ

ïмр ƘƻǳǊ ǿƻǊƪ ǿŜŜƪ άŀ ƘǳƴŘǊŜŘ ȅŜŀǊǎ ƘŜƴŎŜέ

ü Hypothesis for advanced economies

ïIf people had a higher leisure preference

ïAnd if the distribution of income enabled everyone to enjoy a good 
standard of living with 15 hour work

ïWe would produce the vast majority of all goods and services 
ŜǎǎŜƴǘƛŀƭ ŦƻǊ ƻǳǊ άǎǘŀƴŘŀǊŘ ƻŦ ƭƛǾƛƴƎέ ǿƛǘƘ ŦŀǊ ŦŜǿŜǊ ǿƻǊƪ ƘƻǳǊǎΧ 
and would have measured a much higher productivity growth rate

ï.ǳǘ ǿŜ άŦƛƴŘ ǘƘƛƴƎǎ ǘƻ Řƻέ ōŜŎŀǳǎŜ ƻŦ

i. Status competition and positional goods
ii. Individual adequate minimum income requirements
iii.Work as social activity

32
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Wonder drug contribution to nominal GDP 
With private development and patent protection

33

$ 
Contribution to 
nominal GDP

Research + Development

ÅPositive if R+D 
capitalised

ÅNil if expensed

Patent 
protection 

period

Generic manufacturing with 
relentless automation

Time
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Wonder drug contribution to nominal GDP 
If government or charitable development

34

$ 
Contribution to 
nominal GDP

Research + Development

Generic manufacturing with 
relentless automation

Time
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Wonder drug contribution to real GDP 

üDepends on effectiveness with which national  income 
accounts capture price reduction effects 

üMay be high if high price set in the patent protection 
period 

τbut lower if that price is regulated down

τ And lower still if no patent protection, but government 
or charitable development

üEven though human welfare benefit is the same and 
very high in all cases 

35
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Underestimated productivity and real 

income growth? 

36

ü New drugs 

ü Mobile phones and tablets

ü Streamed films and music 

ü Computer games 

ü Social networks 

Rapid productivity improvement 

Falling prices and increasing quality

Inadequately captured in measures of 
real GDP and thus productivity growth 

Martin Feldstein,
The US Underestimates Growth
(Wall  Street Journal, 18 May 2015)

ά¢ƘŜ result is that the increase in real incomes is 
underestimated, and that the common concern about what a 
appears to be the low growth of average household incomes 
ƛǎ ƳƛǎǇƭŀŎŜŘέ ώǎƛƴŎŜϐ άǘƘŜǎŜ low growth estimates fail to 
reflect the innovations in everything from healthcare to 
internet services to video entertainment which have made life 
ōŜǘǘŜǊ ŘǳǊƛƴƎ ǘƘŜǎŜ ȅŜŀǊǎέ 
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A caveat on the Feldstein analysis:
Two separate questions 

Do low productivity growth
estimates fail to reflect super
rapid productivity growth, falling
prices, increasing quality and
innovation in specific products
andentertainment?

37

Does this mean that human welfare 
improvement has been 
understated?

1

2

Almost certainly yes ςand perhaps by 
quite a large amount 

Certainly if health improvements 
undervalued 

But ƴƻǘ ǎƻ ŎƭŜŀǊ ǘƘŀǘ άŀƭǿŀȅǎ ƻƴέ ƳƻōƛƭŜ 
devices and ever better computer games 
άƳŀŘŜ ƭƛŦŜ ōŜǘǘŜǊ ŘǳǊƛƴƎ ǘƘŜǎŜ ȅŜŀǊǎέΚ
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Solowôs paradox inevitable?  

üBaumoleffects and the hi-tech/hi-touch paradox  

üThe zero-sum paradox  

üNil or low cost benefits missing from GDP 

38
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The standard assumption

39

Technological advance 
drives productivity 

improvement across 
the economy

Which shows up in 
GDP measures of 
output per hour 
worked and per capita

Which provides a good 
measure of 
improvements in 
human welfare

Imperfect but adequate 
assumption in farm factory 
transition 

Χ ōǳǘ ōŜŎƻƳŜǎ ƳƻǊŜ ƛƳǇŜǊŦŜŎǘ 
in face of information 
technology process 

Imperfect but adequate 
assumption as income grows 
from $1000 to $20000 per 
capita

Χ ōǳǘ ōŜŎƻƳŜǎ ƳƻǊŜ 
imperfect as incomes rise 
and basic needs satiated
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The end point: 2100?

40

Χ ōǳǘ ǘƘƛǎ ǿƻǊƪ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀ ǾŜǊȅ ǎƳŀƭƭ ǇǊƻǇƻǊǘƛƻƴ of 
measured GDP

Χ ǿƘƛƭŜ ŀƭƳƻǎǘ ŀƭƭ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅ ƛǎ ŘŜǾƻǘŜŘ ǘƻ zero-sum 
competitive activities which account for most of GDP

Solar powered robots, guided by artificial intelligence 
systems do almost all the work needed to deliver welfare 
enhancing goods and services

The growth (or not) of GDP per capita, measured on 
current conventions, will tell us almost nothing about 
trends in human welfare
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The end point: 2100 ïDoes The Economy

even exist?

ÅEconomics is about allocation of 
scarce resources in consumption 
and production 

41

If robots do all the work, is there scarcity?

ÅHypothesis: income measures of GDP 
will be dominated by
τ Real property ownership values and rents

τ Intellectual property rents

τ Subjective brand values and rents

τ The very high incomes of very small number 
of people skilled or lucky in IT, subjective 
value creation, or zero-sum competition

This income distribution will determine the distribution of  consumption of 
scarce positional or status goods
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Capital in France 1700 ï2010 
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The Hi-tech/hi-touch Paradox

43

Land, sporting prowess, and art 

The more rapid the progress of information and 
communication technologies, the more the value 
placed on 

τ LƴƘŜǊŜƴǘƭȅ ǇƘȅǎƛŎŀƭ ŀǎǎŜǘǎ ŀƴŘ ŀǘǘǊƛōǳǘŜǎΧ 
desirable land, sporting capability, physical 
beauty

τ Created subjective values: fashion, design, 
brand, celebrity 
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Automation potential by sector 
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The jobs will always be there
Bad arguments and good

Bad arguments

Åά/ƻƳǇŀƴȅ· ƛǎ ǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ΨŎǊŜŀǘŜΩ Ƨƻōǎέ ς
!ƳŀȊƻƴ ŜƳǇƭƻȅǎ ƻǾŜǊ оллΣллл ǿƻǊƪŜǊǎέ

Χ ōǳǘ ŦŜǿŜǊ Ƨƻōǎ
overall in total sector

ÅάIƛƎƘ ǇŀƛŘ ǎƻŦǘǿŀǊŜ ŘŜǾŜƭƻǇŜǊ Ƨƻōǎ ƳŜŀƴ ƳƻǊŜ 
spendingǿƘƛŎƘ ŎǊŜŀǘŜǎ ƳƻǊŜ Ƨƻōǎέ

Χ ǘƘŜ ŜŎƻƴƻƳȅis 
always circular: 
there is no start 
point

Good arguments

ÅThere is no absolutelimit to the number of jobs 
which can be created in flexible labour markets 

Χ ōǳǘ ǘƘƻǎŜ Ƨƻōǎ Ƴŀȅ 
only exist if low paid

The fundamental issue is not job creation but income distribution  
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Average income increases US 
(1980=100)
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Wealth and employment in ICT businesses

Market Value($bn) Employees(000s)

447(Sep 2016)    114,000 (Sep 2016)

555    67,000

374    14,500

1*    12

19* 55

48

* Paid by Facebook

We have over 1 
million users per 
engineer and this 
number has been 

steadily increasing

With only 32 
engineers, one 

WhatsAppdeveloper 
supports 14 million 

active users
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US Jobs growth forecast 2014 ï2024 

49

Occupational categories by speed of 
job growth 

Forecast job 
growth (000s)

1 Personal careaides 458

2 Registered nurses 439

3 Homehealth aides 348

4 Food preparation and servingworkers 343

5 Retail sales persons 314

6 Nursingassistants 262

7 Customerservices reps 253

8 Cooks,restaurant 158

9 General and operations managers 151

10 Constructionlabourers 147

Total top 10 2873 (29%)

13 Janitorsand cleaners 136

14 Software developers, applications 135

Median annual wage 
May 2014 ($000s)
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Source: Bureau of LaborStatistics, www.bls.gov; Projections of Occupational 
Employment, 2014 ς2024  

All sector 
average: 36

http://www.bls.gov/


50Institute for
New Economic Thinking

History in repeat? 
A tale of two Industrial Revolutions

Source: Freyet al:άPoliticalMachinery: AutomationAnxietyandthe 2016U.S. PresidentialElectionέΣ2017
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More skills: an inadequate answer

üOnly small number of highly skilled people required 
to drive rapid productivity growth in automatable 
sectors

üIncomes set by relative skills and not by average 
skills

τhowever many people can create a good 
computer game, computer game revenues will 
accrue to the best/luckiest 
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Nil and low cost benefits to the rescue?

Even low income earners enjoy huge flow of nil or low 
cost benefits from

ïDrugs development

ïLow cost computing and communications power

ïNil and low cost internet services

52

But not all free services necessarily deliver welfare/life 
satisfaction benefits ςsocial networks?

And welfare/life satisfaction may be heavily driven by 
access to positional goods and relative status competition

The low income earner living in a poor location and facing a 
long crowded commute may not feel OK because of costless 
computer games

Proposition

Problems
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Average is over: Tyler Cowenôs dystopia? 

Poorer people live in άǘƛƴȅ
ƘƻǳǎŜǎέin warm climate, low
land cost locations with
adequatehealthcareand close
to zerocostentertainment

53

Χtalented bohemiansopt out
of major city rate raceto live in
low property cost art-intensive
cities(e.g., Berlin)

²Ŝ ǊŜŀƭƭȅ ǎƘƻǳƭŘƴΩǘ ŜȄǇŜŎǘ ǊƛǎƛƴƎ 
income and wealth inequality to 
lead to revolution and revolt

Tyler Cohen:
Average is Over (2013)

Χ ǘƘŜ ƭƻƴƎ-term picture will be 
fairly calm and indeed 

downright orderly.
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Automation of everything?Whennot If

The Solow paradox:explicable and inevitable?

Challenges for advanced economies:άAverage ƛǎ ƻǾŜǊέΚ

Challenges for emerging economies:ending the 
demographic denial

Limits to markets:implications for economics
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Automation potential by type of activity

% of time automatable with current technology 

9

18

20

26

64

69

81

Manage

Expertise

Interface

Unpredictable physical

Collect data

Process data

Predictable physical

% of time in all US 
occupations

18

16

17

12

16

14

7

Source: McKinsey Global Institute, A Future that Works 2017
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Manufacturing automation and 

emerging economy jobs 

56

No example of rapid economic catch up which does not 
involve large role for low  cost labour intensive manufacturing 

History

Current reality ÅάtǊŜƳŀǘǳǊŜ ŘŜƛƴŘǳǎǘǊƛŀƭƛǎŀǘƛƻƴέ (Rodrik)

ÅILO report suggests 60-90% of low paid jobs in ASEAN textiles 
and clothing could disappear through automation

Å!5L5!{ άSpeedfactoryέ ƛƴ Germany: 160 workers 500,000 
shoes per annum; implies: 

τ global workforce of 96,000 to make 300 million shoes 
versus about 1 million (?) in total supply chain today; 

τ and located close to market not close to low paid labour  
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Population aged 20-64
Millions

2000 2015 Projected
2050

Projected
2100

Japan 79 71 50 35

China 774 928 733 482

Europe 441 454 382 325

Americas 459 582 684 610

India 532 736 1029 867

Africa 352 536 1298 2485
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Source: UN Population Database: Medium Fertility projection: 2015. un.org/popin
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Indian  growth and job creation 
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ÅRapid growth but unable to absorb 
10-12m per annum ςemployment 
rate falling from low level 

ÅFormal employment in leading 
sectors ςIT, BPO, generic pharma ς
very small relative to workforce, and 
vulnerable to automation 

ÅTextile policy targets 10m new jobs, 
but Texprocil/Ernst&Youngreport 
suggests 2.9m even if market grows 
40%

ÅIncreasing per capita divergence by 
region/city: top three large states 1.5 
times higher income than bottom 
three in 1980;  now 3 times higher 

ÅLeading hi tech businesessς
including in manufacturing 

ÅLarge numbers of low productivity/ 
low paid Baumoltype jobs 

ÅHuge income, wealth and real estate 
price divergence between leading 
states/cities and laggards 

ÅBut low cost food , drugs , computing 
ŀƴŘ ŎƭƻǘƘŜǎ ƳŜŀƴ ŜǾŜǊȅƻƴŜ Ƙŀǎ άhYέ 
life

From underemployment straight to 
/ƻǿŜƴΩǎ dystopia? 
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Policy issues and priorities in developing 

countries 
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Job creation

ÅMaximise manufacturing success but recognise small job potential?                  

ÅIdentify and support inherently less vulnerable employment: 
Construction? Tourism?

ÅAccept large number of Baumoltype jobs while ensuring adequate 
income: Basic income support? 

Urban and transport infrastructure development for maximum 
inclusion 

Achieving  a true demographic dividend: falling fertility  essential 
in many countries 



Institute for
New Economic Thinking

Automation of everything?Whennot If

The Solow paradox:explicable and inevitable?

Challenges for advanced economies:άAverage ƛǎ ƻǾŜǊέΚ

Challenges for emerging economies:ending the 
demographic denial

Limits to markets:implications for economics
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Limits to markets
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Market competition ςsupported by basic government 
research and development expenditure ςhighly likely 
to drive rapid underlying progress of the productivity 
frontier 

Good news

Caveats and 
complexities

ÅaŀǊƪŜǘǎ ǿƻƴΩǘ ǊŜǎƻƭǾŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƻǊǘŀƴǘ 
distributional issues

ÅNor ensure that increasing productivity necessarily 
translates into increased human welfare


