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technological progress
P> economic progress
p social progress
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Fig. 14 Life expectancy at birth and at age 65, United States. Source: Health, United States 2013 and

https://www.clio-infra.eu.
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Fig. 2 Economic growth over the very long run. Source: Data are from Maddison, A. 2008. Statistics on
world population, GDP and per capita GDP, 1-2006 AD. Downloaded on December 4, 2008 from http://

www.ggdc.net/maddison/ for the “West,” ie, Western Europe plus the United States. A similar pattern
holds using the “world” numbers from Maddison.
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“Do with less,
so they’ll have enough”
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optimism

“unlimited”
“un-rationed”



Car Boom
1941: 29.5
1950: 49.3 million




Baby Boom
1946: 3.4 million
1947: 3.8 million
1952: 3.9 million
1954 - 1964: > 4 million




assurance iIn the future
optimism!



triumph!
efficiency
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Economies of scale



Instrumentelle Vernunft by
Horkheimer & Adorno

Zweckrationalitat by Max Weber

Verdinglichung by Lukacs



Thomas Aquinas
a World without Growth
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Francis Bacon
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efficiency-think
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Fig. 21 The great divergence. Note: The graph shows GDP per person for various countries. The units
are in multiples of 300 dollars and therefore correspond roughly to the ratio between a country's per
capita income and the income in the poorest country in the world. Source: Bolt, J., van Zanden, J.L. 2014.
The Maddison Project: collaborative research on historical national accounts. Econ. Hist. Rev. 67 (3),
627-651.



Average annual hours worked
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Fig. 15 Average annual hours worked, select countries. Source: Average annual hours worked per
person employed, from the Penn World Tables 8.0. See Feenstra, R.C,, Inklaar, R., Timmer, M.P. 2015.
The next generation of the Penn World Table. Am. Econ. Rev. 105 (10), 3150-3182. doi:10.1257/
aer.20130954 and their excellent data appendix for details on the data.

28



oy
i

Percent
90

80
70
60
50
40
30
20
10

United States

0 1 1 ] 1 1 1 1 J
1840 1860 1880 1900 1920 1940 1960 1980 2000
Year

Fig. 12 Employment in agriculture as a share of total employment. Source: Herrendorf, B., Rogerson, R.,
Valentinyi, A. 2014, Growth and structural transformation, In: Handbook of Economic Growth, vol. 2,
Elsevier, pp. 855—941, http://ideas.repec.org/h/eee/grochp/2-855.htmli.
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distribution of the labor force
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digital revolution



Increasing returns

—= Harvard

=— Business E 8
Review Q

FINANCIAL MANAGEMENT

Increasing Returns and the
New World of Business

by W. Brian Arthur

FROM THE JULY-AUGUST 1996 ISSUE

7 1:10 WH = $8.95

ur understanding of how markets and businesses

operate was passed down to us more than a century

ago by a handful of European economists—Alfred
Marshall in England and a few of his contemporaries on the
continent. It is an understanding based squarely upon the
assumption of diminishing returns: products or companies that
get ahead in a market eventually run into limitations, so that a
predictable equilibrium of prices and market shares is reached.
The theory was roughly valid for the bulk-processing,

smokestack economy of Marshall’s day. And it still thrives in
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dimishing returns vs. increasing returns

oN
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72 A|Z(diminishing returns)

72 XS (increasing returns)

x(A)
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The Age of Tech
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The Age of Tech

Market capitalization of the world's most valuable public companies

B Tech 1 Oil/Energy [ Financial Services B Conglomerate

2006 2016"
ExxonMobil Apple $571.4b
General Electric $348.5b Alphabet $530.6b
Microsoft $279.0b Microsoft $445.5b
Citigroup Amazon $362.4b

BP ExxonMobil

Royal Dutch Shell Facebook $355.6b

@ @ @ * as of August 1, 2016

@statistaCharts Sources: Yahoo! Finance, Forbes StatISta E
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optimism?
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Amazon Prime Now
“Ultra-fast FREE Delivery”
(for 2-hour delivery)

FORTUNE

Amazon's Huge Advantage in the Online
Grocery Battle with Walmart, Target
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Deepmind
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QUARTZ

THENEW OIL

DeepMind’s access to UK health data shows
how tech could outgun privacy laws

By Joon lan Wong March 17, 2017

The new data mine. (Reuters/Stefan Wermuth)

Google’s artificial intelligence unit DeepMind engaged in
“highly questionable” practices when it struck a 2015 deal to
access years’ worth of UK hospital patient records held by

MIGIE[E] NHs

NHS

DeepMind's Streams app is reportedly
'saving NHS nurses two hours a day'

The data-processing deal has proved controversial
with privacy advocates

By MATT BURGESS
27 Feb 2017

REIN GAUCHEZN
L]
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High Frequency Trading (HFT)

Law Intelligence




Automation?




Improvement in efficiency

Manufacturing sector inflation-adjusted output and employment, 1980 to 2015
s Jobs per § Mithon of Owtput w——Manutacturing: Real Owtput, 19802100 ——tlarutacturing: Employment, 1980=100

g 0 .
g = -y 00
E i . "
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i 5
§ w
F 4t e00%0008959549545458 8888830885 5%%%%
Besssetusiiny’ cxsbeiof S At dbunsibasion B Metropolitan Policy Program
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=100

Manufacturing Sector Real Output and Employment, 1980
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Source: Brookings' analysis of Moody's Analytics estimates B
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Jobs per $ Million of Output
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1 2 0H|E Telephone salesperson 99.0% 43,000

2 (BaH)YH 23 | Typist or related keyboard worker 98.5% 51,000

3 HEHA  Legal secretaries 98.0% 44,000

4 42| Financial accounts manager 97.6% 132,000

5 T HRYF Weigher, grader or sorter 97.6% 22,000

6 283 Routine inspector and tester 97.6% | 63,000

7 THof A Sales administrator 97.2% 70,000

8 2|A| 22| Xt Book-keeper, payroll manager or wi 97.0% 436,000

9 2| A A} Finance officer 97.0% 35,000

10 HEA}L Pensions and insurance clerk 97.0% 77,000
1 283 Bank or post office clerk 96.8% 146,000
12 7|E} 3|4 &2]X} Financial administrative worker (oth 96.8% 175,000
13 NGO A% Non-governmental organisation (N( 96.8% 60,000
14 XNY 35 Local government administrative wi 96.8% 147,000
15 | =AM A HZX  Library clerk 96.7% 26,000
E3MN = 1,527,000
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self driving car?
electric car?
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Figure 2 e Evolution of battery energy density and cost

1200 500
- 450 I
§ 1000 ® 400 =
=~ - 350 >
§ 500 - 300 2
3 >
£ 600 250 <
o) Qo
; - 200 E
400
£ - 150 OEJ"
(T L
@ 500 100 £
B 50 o
0 . 0
2008 2009 2010 2011 2012 2013 2014 2015 2020 2022
mm US DOE battery cost (PHEV) 2020 Tesla battery cost target (BEV) — 2022 GM battery cost target (BEV)
— 2022 battery cost target (PHEV) -=®==JS DOE energy density (PHEV) ® 2022 energy density target (PHEV)

Notes: USD/kWh = United States dollars per kilowatt-hour; Wh/L = watt-hours per litre. PHEV battery cost and energy density data
shown here are based on an observed industry-wide trend, include useful energy only, refer to battery packs and suppose an annual
battery production of 100 000 units for each manufacturer.

Sources: US DOE (2015 and 2016) for PHEV battery cost and energy density estimates; EV Obsession (2015); and HybridCARS (2015).
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The Beautiful Math of Solar Power

Every time the world's solar power doubles, the cost of panels falls 26%

100 |
MODULE COSTS
HAVE FALLEN
99% SINCE 1976
80% SINCE 2008
10 -
1- Learning rate B ~ Current
26.3% 2015
~_price
0.1

1 10 100 1,000 10,000 100,000 1,000,000



self driving = A|Z12 0




The Third Transportation
Revolution




Car = a parking machine.
The average vehicle is

used only 4% of the time

and parked the other 96%.
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In the United States, vehicle ownership rates are declining.

Vehicles per person Vehicles per driver Vehicles per household

079 116
0.78
1.14
6.3% _5.2%
0.74 0.74 1.10

2006 2008 2010 2012 2006 2008 2010 2012 2006 2008 2010 2012
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Urban Reimagination!



negative effects?



Inequality

Income share of top 0.1 %
10%

United States

8% -

6%

4%

2% -

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Fig. 18 Top income inequality in the United States and France. Source: Alvaredo, F., Atkinson, A.B.,
Piketty, T., Saez, E. 2013. The World Top Incomes Database. Accessed on October 15, 2013, http://
topincomes.g-mond.parisschoolofeconomics.eu/.
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Elephant curve by Milanovic

Figure 4. Change in real income between 1988 and 2008 at various percentiles of global
income distribution (calculated in 2005 international dollars)
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Workers for Algorithms
Peter Reinhard: API £|/0l2l .=

Dead End Jobs
Below the API

Above
the API
Jobs

Task APls

Automation
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trolley problem




filter bubble
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declining labor share

percent of labor force
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Distribution of the labor force by sector, 1840-2010
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optimism?



Technology Gap
Al Gap
Knowledge Gap




optimism?
Janus-faced progress!






Adjustment Cost



The Great Transformation

Karl Polany
1944




Capitalism arrived unannounced.



No one had forecast

the development of a machine industry.



It came as a complete
surprise.



