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ICT T not just another
technology

a 2 2 NB QaA dodblihg every two years
A =1000 times in 20 years, 1 million in 40
A in processing speed, memory, bandwidth

Software A infinitely replicable at almost zero
marginal cost

Artificial intelligence— super intelligence

Big data analysis

Machine learning and robotics
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Current automation capability versus humans performance

Automation capability

S1=hie]s! Sensory perception
perception

®%s[3111\/= Recognisingnown patterns /categories (supervised learning)
capabilities

B Below median

B Median

Generating novel patteridcategories W Top quartile

Logical reasonirigroblem solving
Optimisation and planning
Creativity

Informationretrieval

Coordination with multiple agents
Output articulationpresentation

|ana] Ajiqeded

NEI[El Natural language generation
language

processing Natural language understanding

STelolEIZ13(s Social and emotional sensing
emotional _ : _
capabilities Socialand emotional reasoning

Social and emotional output

Source A Futurethat Works McKinsey Global Institute Report, 2017

&l Fine motor skills/dexterity
SEIEWIUIES Grossmotor skills
Navigation

Mobility




Automation potential by type of activity
% of time automatable with current technology

% of time in all
US occupations

Predictable physical [IIINININGGGEGEE 51 18
Process data NG 59 16
Collect data NG 64 17
Unpredictable physical I 26 12
Interface | 20 16
Expertise | 18 14

Manage [ 9 7

Source: McKinsey Global Institute, A Future that Works, 2017
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Automation potential by occupation
% of specific activities automatable

Example occupations

Sewing machine operators, graders and sorte
of agricultural products

Stock clerks, travel agents, watch repairers

Chemicatechnicians, arsing assistants,
Web developers

Fashion designershief executives, statisticians

Psychiatrists, legislators

pajewoine ag ued YoIym swi) pue Sajos d1193ds Jo o

Source: McKinsey Global Institute, A Future that Works, 2017
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Potential to automate by sector
% of time automatable with current technology

Accommodation and food servicesHlN 73
Manufacturing G 60
Transportation and warehousing N 60
Retail trade NN 53
Construction S 47
Finance and insurance [N 43
Real estate N 40
Health and social care [N 36
Professionals NG 35
Management [N 35
Education services G 27

Source: US Bureau béborStatistics McKinsey Global Institute Analysis
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% of time spent o current works

Scenarios for automation

Technical automation— Early scenario
potential —— Late scenario
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Source: McKinse@lobal Institute A Future that Works, 2017
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Productivity growth in the US

% per annum

2.82

25 2.41

2 184 179 177

1.62

1.5

1
0.5

0

1870-1920 1920-1970 1970-2014
m Output per person moutput per hour

Source: Robert Gordoiihe rise and Fall of American GrowW@rinceton University Press, 2016
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The Paradox

az2NBQa [ &

@, 2dz OFy &ass

Software infinitely replicable age everywhere but in the
LINE RdzO UG A DA

(Robert Solow, 1987)

Artificial intelligence, big data and
robotics
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UK output per hour worked: 2000-2016
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2014
2015

Source : Office of National Statistics
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Sol owbs paradox 1 nevi

U Baumoleffects and the htech/hi-touch paradox
U The zeresum paradox

U Nil or low cost benefits missing from GDP
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The standard paradigm

Starting Point

100 selfsufficient
farmers produce

100 units of food =~ PSR

progress

Institute for
New Economic Thinking

50 farmers produce 100
units of food

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

v

Measured total economy
productivity doubles

14



Endlessly repeatable progress?

U 25farmers producind.00food

U 50factory workers producing

50 farmers produce
200cars, washing machines,

100 units of food

televisions
) U 15factory workers producing0O
50 factory workers QEeglalfecl units of computers, mobile
produce 100 progres phones and software applications

manufactured goods U 10service workers producing

units of healthcare

v

400 units of valug,
productivity doubled again
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The Baumol Effect

50farmers producel00units of food

50domestic servants paid %2 as much
produce50 units of value

v

A Agriculturalproductivity
doubles

100farmersproduce [Iaglglfers}
100 units of food [eJfele[(=IS}S

A Total economy productivity
increased 50%

AThe actual pattern in the first
Agricultural Revolution?
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Asymptotic rather than endlessly
repeatable progress

50 farmers producse
100 units of food

25 farmers 100 fooc 1 farmer 100 food

Further

50 domestic le[g[aUliT8]¢=1 progress

servants produce{Si&eli8iviY

50 services /5 servants 75 99 servants 99
services services
v v
Total measured Asymptotic limit
productivity: at +100%
+16.6%
Institute for 17
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The Baumol Effect with high paid artists

50farmers producel00units of food

45 domestic servants paid ¥ as
much produced5 units of value

100farmersproduce  [Eledglgller:)
100 units of food  Jelgele] (1SS

5 artists, singers, entertainers and
fashion designers paid twice as much
produce20 units of value

v

Productivity growth
still eventually
asymptotes

Institute for 18
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Determinants of intensity of Baumol effect

U Automation potential in newly emerging
economic activities

U Impact of productivity increase on income
distribution

T In part determined by asset ownership

0 Consumption choices of winners from initial
productivity increase
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Twenty first century technology
London

B

.

™
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US Jobs growth forecast 2014 1 2024

Occupational categories by speed q Forecast job

b h Median annual wage
job grow

May 2014($000s)
1 Personal caraides 458
2 Registered nurses 439
3 Homehealth aides 348
4  Food preparation and servirgorkers 343
5 Retail sales persons 314
6 Nursingassistants 262
7 Customerservices reps 253
8 Cooksyestaurant 158
9 General and operationsianagers 151

10 Constructionabourers

147
. Totaltop 10| 2873 (29%)
136

13 Janitorsand cleaners

G 23
14 Software developers, applications 135 AIP 95
1
Source: Bureau dfaborStatisticsyvww.bls.goy Projections of Occupational avesrggeqrg@ i

Employment, 2014 2024
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http://www.bls.gov/

The Baumol effect in India:
Automation of tea packing

A manager explains what
will happen when he
opens thecrates:

His job will go. And
hisoverthere;and But the manager insists that,
as in the past, he will
somehow find jobs for
everyoneg as drivers or even
watchmen if necessary

Institute for LYRALI Qa 9t0edof.Zhé Economigidd Geptember 2017 -
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he Hi-Tech Hi-Touch Paradox

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

XU KS YagubliHobKgiow in activities
which at least for now cannot be
automated, or where wages are low enough
to make automation uneconomic

Institute for 23
New Economic Thinking



Zero-sum activities in the simple model

50farmers producel00food

100farmersproduce  JI=lelglalfer:]

100 units of food  [e]fels| (=55 2scriminals

25 police paid same as farmers

v

A Total measured productivity
increases 25%

A But no human welfare benefit
of increased consumption

Institute for 24
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Two separate questions

Technical progress
— increased

productivity in specifig
sectors

More efficient
farmers — more
criminals + police

Institute for _ o
New Economic Thinking

Does total measured
productivity increase?

Yesc but not as
much as in standard
paradigm

Does rising GDP pé
capita deliver
Increased human
welfare??

NO

25



Zero-sum activities in the modern economy

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

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

U All legal services?

U Much financial trading and complex finanar@ahovation

U Servicing the purchase and sale of existing real estate

U Some educational serviceszerosum job market signalling
competition?

(i Politics, elections, lobby groups, thigkl vy 1 & X | Y R
academic economists!

Institute for 26
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Fashion, design and intensive branding
activities

Expression of human
creativity which contributes
to human welfarec as
production and
consumption activity

But

AZerosum cycle: fashions
and brands of 2050 no
better for human welfare
than those of 2017

ABaumoltype in nature

A Limited potential for
automation

Institute for 27
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Automation potential by occupation
% of specific activities automatable

Example occupations

Sewing machine operators, graders and sorte
of agricultural products

Stock clerks, travel agents, watch repairers

Chemicatechnicians, arsing assistants,
Web developers

Fashion designershief executives, statisticians

Psychiatrists, legislators

pajewoine ag ued YoIym swi) pue Sajos d1193ds Jo o

Source: McKinsey

Institute for
New Economic Thinking
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Automation and games

0 Computers can easily beat grand mastebait
0KS ¢2NI RQa G2LJ OKSaa LIX |
per annum

U If in 2050 robots can beat Man Unitedtop
soccer players earnings will not fall

Institute for 29
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Automation and the zero-sum Paradox

Rapidtechnological progress could eventually
automate away almost all the activities which are truly
essential for human welfare

. while supporting increased intensity akerc
sum competitiorfor relative income and status

X so that zero sum activities account for an
Increasing % of employment and measured
output over time

Institute for
New Economic Thinking
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US employment by industry
1992 and 2014

1992
% of total )

Agricultural

Construction 3.7
Manufacturing 13.6
Retail, wholesale &

Transportation 17.3
Information 2.1
Financial &business

services 14.2
Education& healthcare 9.6
Leisure& recreation 7.7
Government 15.2

Institute for
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Source: Bureau dfaborStatistics

2014
of total

4.1
8.1

17.3
1.8

18.0
14.3
9.8
14.5

+3.8
+3.7
+2.1

31



Baumol type and zero-sum activities:
finding things to do

U YSBYS&AaY a902y2YAO t23aA0AfA0ASE F2N
iMp K2dzNJ 62NJ] ©SS17 dal Kdzy RNBR &

U Hypothesis for advanced economies

Institute for

If people had a higher leisure preference

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

We would produce the vast majority of all goods and services
SaaSyuaAalt FT2NJ 2dzNJ aaidl yRIFENR 27
and would have measured a much higher productivity growth rate
.dzi 6S GaFAYR UOUKAy3a G2 R2¢ 0SC
|. Statuscompetitionand positional goods

Ii. Individual adequate minimum income requirements

li.Work as social activity

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

$
Contribution to
nominal GDP

Institute for

APositive if R+D
capitalised

ANil if expensed

Patent
protection
period

\

Research + Development

Generic manufacturing with
relentless automation

New Economic Thinking

Time —

33



Wonder drug contribution to nominal GDP
If government or charitable development

$
Contribution to
nominal GDP

Generic manufacturing with
relentless automation

Research + Development

Time —

Institute for 34
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Wonder drug contribution to real GDP

U Depends on effectiveness with which national income
accounts capture price reduction effects

U May be high if high price set in the patent protection
period

T but lower if that price Is regulated down

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

U Even though human welfare benefit is the same and
very high in all case

Institute for 35
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Underestimated productivity and real
Income growth?

U New drugs _ o

i Mobile phones and tablets Rapid productivity improvement

U Streamed films and music Falling prices and increasing quality

U Computer games :

) _ Inadequately captured in measures of
U Social networks real GDP and thus productivity growth

& ¢ KeSult is that the increase in real incomes is

underestimated, and that the common concern about what
appears to be the low growth of average household income

~ WA A

A& YA AX A yOSRE gioltk Stnrates fail to

reflect the innovations in everything from healthcare to
internet services to video entertainment which have made |
OSUUSNI RdZNAY3I (GUKSaAS &SI NhE
Martin Feldstein,

Institute for The US Underestimates Growth
New Economic Thinking (Wall Street Journal, 18 May 2015)
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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?

Does this mean that human welfar
iImprovement has been
understated?

Institute for
New Economic Thinking

Almost certainly yeg and perhaps by
quite a large amount

Certainly if health improvements
undervalued

Buty 2 &2 Of S2NIEGKI2ZD .
devices and ever better computer games_
GYFRS fAFS 06S0GsSKI R

37



Sol owds paradox 1 nevli

U Baumoleffects and the hiech/hi-touch paradox
U The zeresum paradox

U Nil or low cost benefits missing from GDP
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The standard assumption

Technological advanc Which shows up in

drives productivity GDP measures of
improvement across output per hour

the economy worked and per capit

Which provides a goot
measure of
Improvements Iin
human welfare

V- V-

Imperfect but adequate Imperfect but adequate
assumption in farrmr* factory assumption as income grows
transition from $1000 to $20000 per

s oA A capita A
X 0dzi 0S0O2YSa YZN,e]tSp AYLISNF SOU
in face of information X o0dzi 0S0O2YSa
technology process imperfect as incomes rise

and basic needs satiated

Institute for 39
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The end point: 2100?

Solarpoweredrobots, guided by artificial intelligence
systemsdo almostall the work needed to deliver welfare
enhancing goods and services
X o0dzi GKA& ©62NJ | OOz2dppiia FT2NI | ¢
measuredGDP
X 6KAtS ty2ad |ff Rgasdmy F OUA DAL
competitiveactivities which account for most of GDP

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

Institute for
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The end point: 21007 Does The Economy
even exist?

AEconomics is about allocation of
scarce resources in consumption
and production ™) |f robots do all the work, is there scarcity-

AHypothesis: income measures of GDP

will be dominated by
T Real property ownership values and rents

T Intellectual property rents
T Subjective brand values and rents
T

The very high incomes of very small number
of people skilled or lucky in IT, subjective
value creation, or zersum competition

This income distribution willleterminethe distributionof consumptionof
scarcepositional or status goods

Institute for 41
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Capital in France 17001 2010

800%

DO Net foreign assets

700%
i Other domestic capital

600% H Housing

H Agricultural land

500%

400%

% national income

300%

200%

100%

0%

1700
1750
1780
1810
1850
1880
1910
1920
1950
1970
1990
2000
2010

SourceCapital in the Twenty Fir€&entury,T. Piketty (2013)

Institute for
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The Hi-tech/hi-touch Paradox

Land sporting prowess, and art

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

T LYKSNByGfeée LIKeaAOlFf | aas
desirable land, sporting capability, physical
beauty

T Created subjective values: fashion, design,
brand, celebrity

Institute for

New Economic Thinking 43



Automation of everything2Vhennot If
The Solow paradoxxplicable and inevitable?
Challenges for advanced economiesi S NE I3 S NJ

Challenges for emerging economiesding the
demographic denial

Limits to marketsimplications for economics
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Automation potential by sector
% of time automatable with current technology

Accommodation and food serviceslllEEEEEEEEEEEEEEEEEEEEEN
Manufacturing I GO
Transportation and warehousing IIINGTEEN 50
Retail trade HIININGEEEEEEN -3
Construction NG /7
Finance and insurance I /3
Real estate |G /0
Health and social care IIIIIEIGINGEGNE 36
Professionals |IIIEININININIGINGE 3>
Management NG 35
Education services Il 27

Source: US Bureau béborStatistics McKinsey Global Institute Analysis

Institute for _ o
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The jobs will always be there
Badarguments and good

Bad arguments

Aa/ 2YLJH yAed dzaAy3d 0SOKy2f X38dzi 2 F9ONS |
L YT 2y SYLX 2éa 2 @SNJ o n noXenah in tota@l 8ebtdr S NA
AGl ATIK LI AR a2Fids6l NBE RS®SH
spendingg KA OK ONXI 0Sa Y2NX aBagsicicélar:
there is no start

point

AThere is no absolutémit to the number of jobs X odzi GK2
which can be created in flexible labour markets  only exist if low paid

The fundamental issue isot job creation but income distribution

Institute for 46
New Economic Thinking



US

INCome Increases

Average
(1980=100)

=—top 1%

=—t0p 5%

bottom 20%

350
300
250
200
150
100

50

~¢10¢
-110¢
-0T0¢C
-600¢
-800¢
-,00¢
-900¢
-S900¢
-¥00¢
-€00¢
-¢00¢
-100¢
-000¢
-666T
-866T
-L66T
-966T
-G66T
-v66T
-€66T
-C66T1
-166T
-066T
-686T
-8861
-186T
-9861
-G86T
-¥861
-€86T
-¢861
-186T
-086T1

Source: US Census Bureau; World Top Incomes Database
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Wealth and employment in ICT businesses

Market Valug($bn) Employeeg000s)

\?\/ 447(Sep 2016) 114,00059'02016
- Q/ e have over 1

million users per

Google == 67,000 (il

steadily increa

14,500
12
*
* Paid by Facebook . engineers one

WhatsAppdeveloper
supports 14 million

ISers

Institute for
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US Jobs growth forecast 2014 1 2024

Occupational categories by speed q Forecast job

b h Median annual wage
job grow

May 2014($000s)
1 Personal caraides 458
2 Registered nurses 439
3 Homehealth aides 348
4  Food preparation and servirgorkers 343
5 Retail sales persons 314
6 Nursingassistants 262
7 Customerservices reps 253
8 Cooksyestaurant 158
9 General and operationsianagers 151

10 Constructionabourers

147
. Totaltop 10| 2873 (29%)
136

13 Janitorsand cleaners

G 23
14 Software developers, applications 135 AIP 95
1
Source: Bureau dfaborStatisticsyvww.bls.goy Projections of Occupational avesrggeqrg@ i

Employment, 2014 2024
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http://www.bls.gov/

History in repeat?
Atale of two Industrial Revolutions

A) Labor share B) Real wages
o
8 -
8 | o
S = {
S 3 4
0 20 40 60 80 100 0 20 40 60 80 100
Year Year
United Kingdom (1780-) ——— United States (1980-)

SourceFreyet al: dPoliticalMachinery AutomationAnxietyandthe 2016 U.S PresidentiaElectiord 2017
Institute for

New Economic Thinking
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More skills: an inadequate answer

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

U Incomes set by relative skills and not by average
skills

T however many people can create a good
computer game, computer game revenues will
accrue to the best/luckiest

Institute for 51
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Nil and low cost benefits to the rescue?

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

I Drugs development
I Low cost computing and communications power
I Nil and low cost internet services

Problem . . . .
But not all free services necessarily deliver welfare/life
satisfaction benefitg social 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

Institute for 52
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Aver age |

Poorer people live in & G A
K 2 dz&ais warm climate, low
land cost locations with
adequate healthcareand close
to zerocostentertainment

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

Institute for
New Economic Thinking

S

over Tyl er

2 S NEBIffeée aKkz2dz
income and wealth inequality to
lead to revolution and revolt

Tyler Cohen:
Average is OvdR013)

X 0 K Sterrh @cyui@ will be

fairly calm and indeed
downright orderly.

53



Automation of everything2Vhennot If
The Solow paradoxxplicable and inevitable?
Challenges for advanced economiésierager & 2 @S NE

Challenges for emerging economie=iding the
demographic denial

Limits to marketsimplications for economics

Institute for 54
New Economic Thinking



Automation potential by type of activity
% of time automatable with current technology

% of time in all US

occupations

Predictable physical I 81 18
Process data I 69 16
Collect data I 64 17
Unpredictable physical I 26 12
Interface NN 20 16
Expertise I 18 14

Manage I 9 7

Source: McKinsey Global Institufe Future that Work2017
Institute for 55
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Manufacturing automation and
emerging economy jobs

Noexample of rapid economic catch up which does not
involve large role for low codabourintensive manufacturing

History

ON{EINGEEY At NBYl (dzNE RSAMRAIGBA G NR I £ A&l GA

AILO report suggests 880% of low paid jobs in ASEAN textiles
and clothing could disappear througlutomation

Al 5 L 5S%péedfactory Gegfmany: 160 workers— 500,000
shoes peannum; implies:

T globalworkforce 0f96,000to make300 millionshoes
versus about 1 million (?) in total supply chtoday;

T andlocated close to market not close to low padatbour

Institute for 56
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Population aged 20-64

Millions
[ L e
2050 2100
Japan
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

Source: UN Population Database: Medium Fertility projection: 2015. umpopgi
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Indian growth and job creation

: From underemployment straight to
A Rapid growth but unable to absorb | 2 éuéqysﬁb@?a’)y 9
10-12m per annunt employment '

rate falling from low level

A Leadinchi techbusinesess,
A Formal employment in leading including in manufacturing
sectorsc IT, BPO, generfgharmac

very smallelative toworkforce,and

vulnerable to automation

A Large numbersf low productivity/
low paidBaumoltype jobs

A Textilepolicy targets 10m neyobs,
but Texproci Ernst&Youngeport
suggests 2.9m even if market grow
40%

A Huge income, wealthnd real estate
price divergence between leading
states/cities and laggards

A Butlow cost food , drugs , computing
YR Of 20KSa YSIy S
life

A Increasinger capitadivergence by
region/city:top three large states 1.
timeshigher income than bottom
three in1980; now 3 times higher

Institute for 58
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Policy issues and priorities in developing
countries

Job creation

AMaximise manufacturing success but recognise small job potential?

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

A Accept large number daumoltype jobs while ensuring adequate
income: Basic income support?

Urbanand transport infrastructurelevelopment formaximum
Inclusion

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

Institute for 59
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Automation of everything2Vhennot If
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Challenges for emerging economiesding the
demographic denial

Limits to marketsimplications for economics
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Limits to markets

Good Market competitiong¢ supported by basic government
Bl research and development expenditugenighly likely
to drive rapid underlying progress of the productivity

frontier

Aal NJSia ¢62yQi NBaz2t gS Ayol
distributional issues

A Nor ensure that increasing productivity necessarily
translates into increased human welfare

Caveats and

complexitie

Institute for 61
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