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The state of the world in 1950

No knowledge of DNA SCIENTIFIC

No widespread use of antibiotics
Few co-ordinated vaccination programs

Serious threats from smallpox, polio,
whooping cough, diphtheria, and syphilis

Little international co-ordination for
scientific research

Only the most primitive of computers
Cost of oil (inflation-adjusted): $26/barrel
No space travel, no satellites

FIFTY CENTS

Chvemben 1950
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The last half of the 20" Century: five decades of exponential
growth and achievement

GDP/capita, Population, CO,
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¢ Innovation & scientific progress

Disease & poverty alleviation

Massive population growth

Large-scale natural resource
exploitation

Substantial ecosystem service
degradation

Acceleration of greenhouse
gas emissions
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Technological Progress

Supercomputer peak performance

Year Introduced

1944: ‘Colossus’, the first electronic digital programmable computer
1950s: vacuum tubes evolve into integrated circuits

1970s: Intel introduces microprocessors

1980s: first mass-produced microprocessor-based portable computers

1990s: the era of mobile computing begins
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Agronomy Progress

The Green
Revolution:
modern irrigation

ot = — techniques,
ety i . " pesticides, synthetic
: ) 3 _ nitrogen fertilisers

RN RTINS e iutaaci

() 1954 and (r) 2003: Rothamsted’s Classical Experiments on wheat, grassland, barley &
fallow land have been running since 1854

UK average wheat yields _———__
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Global food production is 3x what it was in 1950

The world produces 30% more calories per person than in 1960
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Biological progress

1953: DNA double helix structure mapped by Watson & Crick
1972: first recombinant DNA created

1980: first genome sequenced

1995-2014: >180 genomes sequenced

DNA Sequencing technology: faster and cheaper

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Human wellbeing indicators: wealth pARTY

Real GDP per Capita (2000 dollars)
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Source: Pinkovskiy and Sala-i-Martin, 2009
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Evolution of life expectancy at birth in the world by level of development

Unity: years
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Consequences: population -

World Population

-
o

Population in billions
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1800 1850 1900 1950 2000 2050

Source: United Nations

The global population more than doubled in size from 3bn in 1959 to 7bn in 2011



Consequences: resource consumption

World Fossil Fuel Consumption

1950 1960 1970 1580 1990 2000
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Global Water Consumption
[by region, in billion maper year|
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Consequences: land use change BIAR 0x10xD

* More land was converted to
cropland in the 30 years after 1950
than in the 150 years between 1700
and 1850

* In 2000 cultivated systems cover 25%
of Earth’s terrestrial surface

EQUATOR EQUATOR

Cultivated Systems:

—J Areas in which at least
30% of the landscape
is cultivated

= SRS Source: Millennium Ecos;slem Assessment — So i I Degra d atio n Seve ritv

An estimated 23% of all usable land
is degraded

20% of the world’s pasture and
rangelands have been damaged
580m ha of forests have been

degraded by logging and clearance,
nearly 40% of this since 1975
52% of the world’s biodiversity has

O Low [ Medium [ High Bl Very High [ 1 Non-degraded

been lost since 1970 PROJECTION: Geographic U:?EP
SOURCES: UNEP/ISRIC EADMGRID-Geniva

Source: Millennium Ecosystem Assessment, UNEP



Carbon Dioxide Emissons

(Termgrams CO=)
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Consequences: emissions

Carbon dioxide emissions (in teragrams CO2)
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1900

1910 1920 1930 1940 1950 1960 1970 1980 1930 2000

60% of the increase in the atmospheric concentration of CO,

since 1750 has taken place since 1959
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Technological, agronomical and biotechnological
progress have led to decreases in poverty and
improvement in human health

.y

Industrialisation, globalisation and
urbanisation have led to significant
greenhouse gas emissions

: We are more informed than ever before

MEDLINE-indexed articles
published per year

/
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FOR FUTURE GENERATIONS

Securing the long term in national ond globol decision making

Numbers of individuals living
below $1.25/day, in millions 2015
2005

® Bangladesh
° 0y 76

. Sub-Saharan Africa . Europe and Central Asia
‘ Latin America and Caribbean . East Asia and Pacific
Middle East and North Africa ‘ South Asia

2005: 1.4bn people in poverty
2015: 585m people in poverty WAEIOGS DX (30T pejve]
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Urban agglomerations in 2015 S
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Percentage Urban City Population
0-20% T @ 1-5million

20-40% @ 5-10 million
40-60%

60-80%

I 30-100%

@ 10 million or more

* 54% of the world’s population live in urban areas, and 33% of urban-dwellers live in slums

* Nearly half of the world’s urban dwellers live in relatively small cities of less than 500,000
inhabitants

* Around 1 in 8 live in 28 mega-cities with more than 10m inhabitants
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Part of the Global ‘In-Tray’ SCHOOL

Climate change Novel
biotechnologies

Inequality

Political upheaval EMerging  Nyclear proliferation
diseases

awte DOW JONES INDUS. AVG

m Table

Terrorism Food and water Cybersecurity financial Stability Enwronmental
security disasters

There is clearly huge uncertainty...
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215t Century is already determined —

Demographic momentum: Continuing increase in overall prosperity:
An extra billion people by 2025 Global middle class to increase to nearly 5bn people by 2030

UNIVERSIT

OXFORD
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Urbanisation: Climate change: (to come back to)

global urban:rural ratio ~58% by 2025 GHG in the atmosphere now will drive changes up to 2030
- : —_— P
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Global Population Predictions

World population by major area, 2010-2100

Historical progression of Global Population

Wiorld population in 2015=7.3 billion e Total Year Interval
| W Africa .
o A Population
= Ewope 3 billion 1959
B Latim America
and the
Caribbean -
4 Billion 1974 15 years
B Horthem
America
¥ Oceania 5 Billion 1987 13 years
2010 2015 20X 2025 2030 2035 040 2045 2050 2055 2060 2065 1000 0TS 20B0 2085 1090 X095 2100
Source: World Population Prospects 2015, UN 6 Billion 1998 11 years
7 Billion 2011 13 years
More than half of global population growth
5 ,p P g . 8 Billion 2022 11 years
between now and 2050 is expected to occur in
Africa: of the additional 2.4bn people 9 Billion 2040 18 years
projected to be added to the global Py ppo— -
. . Hnion ears
population between 2015 and 2030, 1.3bn will /

be added in Africa



The rise of the global middle class

Number of households with
daily expenditures $10-100, in

millions Y1)
50686@
POOVOOORS
800

RN il Fast and Africo &e
.......‘... 1 c LUoL Uil 7~ 1l ..‘.‘...
137m 00 000000

I

Central & Sout

2009: 18Tm
2030: 313m

2009: 1.845 billion households
2030: 4.884 billion households
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Urbanization Trends

By 2030, the world is projected to have 41 mega-cities, with 60% of the world’s
population living in urban areas — another billion city dwellers

Nearly 90% of this increase will be concentrated in Asia and Africa
The fastest growing urban agglomerations are medium sized cities with less than 1m

inhabitants in Asia and Africa
¥ .

“Urbanization in Asia®
UN Photo/Kibae Park



World Water Requirements OXFORD
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Portion of gap )

8,000 - Percent Around 20% of the world’s aquifers are
Demand with no productivity being over-exploited
improvements

7,000 - , i ’ :

-~ Historical improvements et B ne e ~' S
i in water productivity e S P N Sy i 5
;! B T - AT P
6,000 = SRR Al VS
. 28 B Lo % ?
Remaining gap e SR = Safe

5,000 - ‘ j e mmm Semi-critical

Increase in supply? under Critical
______________ business-as-usual msm  Overexploited
= - . === Saline

3.000 | . E):l_sg?g accelsglble,

Today? reliable supply

Source: 2030 Water Resources Group, 2%0139

Global water withdrawals are projected to increase by
55% through 2050, due to growing demands from
manufacturing (400%), thermal electricity generation
(140%), and domestic use (130%)

An estimated 30% of global water withdrawals are lost
through leakage




AREAS OF PHYSICAL AND ECONOMIC WATER SCARCITY

B Physical water scarcity
water resources development is
approaching or has exceeded
sustainable limits). More than
75% of the river flows are
withdrawn for agriculture,
industry, and domestic purposes
|laccounting for recycling of return
flows). This definition—relating
water availability to water
demand—implies that dry areas
are not necessarily water scarce,

. Physical water scarcity

! Approaching physical
water scarcity

. Economic water scarcity

. Little or no water scarcity

D Not estimated

. Approaching physical water
scarcity. More than 60% of river
flows are withdrawn. These
basins will experience physical

waler scarcity in the near future.

B Economic water scarcity
[human, institutional, and
financial capital limit access to
water even though water in
nature is available locally to
meet human demands). Water
resources are abundant relative
to water use, with less than 25%
of water from rivers withdrawn
for human purposes, but
malnutrition exists.

[ Littte or no water scarcity.
Abundant water resources
relative to use, with less than
25% of water from rivers
withdrawn for human
purposes,

Y

Source: Comprehensive Assessment of Water Management in Agriculture, 2007

OXFORD

(The most recent map that we could find!)
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Industrialized countries South Asia ,
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Sub-Saharan Africa East Asia Source: FAO, 2012
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The growth in average daily calorie consumption per capita (Source: FAO, 2012)

Food demand is determined by population growth and by changes in diet as per capita income grows

Total global animal protein consumption has more than doubled since 1970
By 2030, global animal protein demand is expected to increase another 60%

Sub-Saharan Africa will account for 1/3™ of all additional calories needed in 2050
To meet increased global food demand, agricultural production needs to increase by ~60% by 2050
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Challenges for Agriculture SCHOOL

OECD-FAO predicts that global agricultural production will grow at an average of 1.5%
annually over the next 10 years compared with 2.1% in the last decade. Growth is
expected to be slower in all crop sectors as well as in livestock production, reflecting
rising costs, growing resource constraints, and increasing environmental pressures.

Increasing crop production Reducing waste

N\

increase land ease vields increase .the frequepcy
use y of cropping (e.g. using
irrigation)
Agriculture uses 37% of ﬂ-——-‘-‘—*““” Agriculture accounts for
global landmass g i 70% of all freshwater Around 30% of the food

(excluding Antarctica)

drawn from rivers, lakes
and aquifers

produced globally is wasted —
around 1.3bn tonnes. Food
waste in high-income countries is
dominated by consumer waste.
Food waste in developing
countries is at the pre- and post-
harvest and processing stages
due to spoilage

Sub-Saharan Africa currently has the
world’s lowest cereal yields:1.25
tonnes/ha versus developed countries,
developing Asia and Latin America which
all attain around 4 tonnes/ha




Exajoules per year

Million Tonnes of Qil Equivalent
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World Energy Requirements MARTIN
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2040
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Energy demand is expected to
increase by 32% by 2040, with
global electricity demand
growing by over 70%

Renewables are expected by
the IEA to overtake coal as the
largest source of electricity by

the early 2030s
® Other 18 000 ]
renewables E
M Bioenergy 15 000
B Hydro
Muclear . 12 000
[ Matural gas
H il 9000
H Coal
6000
3000
2013 2040



Future climate warming is unequivocal, and there is growing OXFORD
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evidence that there will be increasing weather volatility SCHOOL
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Number of natural disasters per year, as recorded by Munich Re
Atmospheric carbon dioxide concentrations (ppmv), as measured by the IPCC
Reference carbon dioxide concentration scenarios, as projected by the IPCC

* Due to climate system inertia, emissions made around twenty years ago drive the
present-day climate

* There is a growing body of evidence that links human influence on climate with increasing risks
of certain types of extremes, notably heatwaves (e.g. Chinese spring 2014), floods (e.g. UK
winter rainfall 2013/2014), and hurricanes (e.g. Hawaiian 2014 hurricane season)
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Obesity and Malnutrition Pandemics, Emerging infectious diseases and Antibiotic resistance

Sustainability
of human health

Challenges of
new technology

Cybersecurity

Automation



Sustainability of human health: OKFORD
Nutrition
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Of a world population of >7bn, nearly 800m suffer from calorie deficiency...
But around 2bn people suffer from micronutrient malnutrition

10% annual losses of global GDP 45% of deaths under age 5

ECONOMICS HEALTH

MALNUTRITION

The risk of a 1-in-100 year ENVIRONMENT Only 4 edible plants (rice, wheat,

production shock event from maize and potato) out of a total of
extreme weather could increase 30,000 known edible species provide

to 1-in-30 year or more with 60% of the world’s dietary energy
climate change intake.
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The rise and rise of global obesity oL
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- Out of 5bn adults worldwide, nearly 2bn are overweight or obese
- 1in 12 adults have type |l diabetes

Source: metrocosm.com, using data from NCD Risk Factor Collaboration publication in Lancet vol 387, 2016
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Six of the top 11 risk factors driving the global burden warri |
of disease are related to diet

B Disease risk factors linked to diet Disease risk factors not linked to diet

Dietary risks |
High systolic blood pressure |
Child and maternal malnutrition

Tobacco smoke
Air pollution

High body mass index

Alcohol and drug use

High fasting plasma glucose

Unsafe water, sanitation and handwashing

Unsafe sex

High total cholesterol [
0 50000 100000 150000 200000 250000

Global all-age disability-adjusted life years (in thousands, 2013)

Source: Global Burden of Disease Study 2013 Collaborators (2015), Figure 5
Mote: The graph shows global disability-adjusted life years (DALYs) attributed to level 2 risk factors in 2013 for both sexes combined.
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Red = new for 2015 Change from 2013 to 2015 o

/
5 {d  Pandemic infl@
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Coastal flooding
Widespread electricity

4 failure
Effusive volcanic
| eru ption
. Ef%sive volcanic Severe space weather
Major transport .
3 eruption Low temperatures &

Major transport ~ | > accidents, . .
Emerging infectious heavy snow

accidents Major industrial .
accidents SSCLED
Inland flooding (\Poor air quality events

R —

Overall relative impact score

Explosive volcanic
eruption
Storms & gales

2 Public disorder €——— Public disorder
Severe wildfires Animal diseases

\ Drought

N

1 N\

Severe wildfires Disruptive industrial
action
Between -Between Between Efetween Greater than
1in 20,000 and 1in 2,000 and 1in 200 and 1in 20 and 1in2
1in 2,000 1in 200 1in 20 lin2

Relative likelihood of occurring in the next five years
Source: National Risk Register for Civil Emergencies, 2013 & 2015
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e 6 influenza pandemics in 120 years

e Approximately 65% chance of '
another in 20 years

e Severity highly variable

Image of HN1IN virus
(Source: US CDC

influenza laboratory)

Recorded human pandemic influenza
{early sub-types inferred)

H2N2 H2N2 i e
I“ H1N1 I" H1N1
> >
H1N1

H *
| | ! | l | s

1395 2005 2010 2015

- 2009
Russian Old Hong ™y Spanish Asian Hong Kong ~ Movel
influenza § Kong influenza § influenza influenza influenza influenza
H2M2 H3N8 HiM1 H2M2 H3N2 H1M1
Recorded new avian influenzas H9" > = >
1997 200=

H7 & A=
|

L 1 1 l l
1555 1585 1575 1565 1585 2005

Recorded human pandemics of influenza Source: NIID and ECDC 2009



2009 Novel Influenza HIN1: Day 31 MARTIN
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Timeline of influenza A(H1N1) cases
Laboratory confirmed cases and deaths

As reported to WHO

25 May 2009, 06:00 GMT: 46 countries, reporting 12 515 cases P4! NI;
revious
— g
Canuda P Netherlands - = onl <2r.
805 cases lceland | 3 Norway Sweden s
1 death &, 1case | \ GRS "4 cases 3 cases |- :!gas::an Federation
~_|usa o il of Finland o
. 2 cases
= X16552 cases g M Trsesas
~ o deaths 122 cases . ( ¥ Denmark pa
;S : ¢ e ’ 1 case Poland 345 iases
_-Mexico 1 case S l"'-»:"3‘:‘3595 N China g/ =5 -
4174 cases s WSS = ~ __|Germany ~— _“:"’ 115 cases /
‘ 80 deaths A& sts & 17 cases . 'l’urkay o f__’rf
— \ = V. 142 cases
Guatemala Portugal - 24 .
4 cases : N Honduras [ . ca:eg = } % Kuwait Republic of Korea
2 Canh IR 18 cases 3 cases
. N A \ wree 2T
El Salvador |cotombial $P2IN ~HL(\ A israen 2
6 cases £ 13 cases “s”@‘_‘ A5 { 7|8 cases Philippines
"?r ga™e - Ty 1 case
Costa Rica / Panama Switzerland _E.‘ 2 S ‘Gge? india
3 cases g S oy
Eadg:rs:s B 76 cases (“-r LY = 1 case 4 y _\‘\ «
i, Ecuador 3 - Austria } \u,‘ =
10 cases P | LAlcase [iThalland| /[l o veia
p, raz 2 cases
9 cases __ltaly 2 cases ,—/\“
Total: Peru 19 cases , . \~TS{
] 7 25 cases Chinese Taipei has reported 1 confirmed | oo rana
bt Chile Argentina| G nra & (HANi1) wath 0 deaths. |16 cases New Zealand
44 cases = 2 cases Cases from Chinese Taipei are included 9 cases E
in the cumulative total provided.
@ WHO 2009. All Rights Resarved. Discisimer.
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Avian flu in the context of historic influenza pandemics| =

Global Age group Case fatality Comments

deaths most rate
affected

1918/1919 A(H1N1) ~220,000 40-50 25-35yrs >2.5% 25% of global
Spanish flu million Pl laien Itiesise
1957/1958 A(H2N2) ~30,000 2 million School- <0.1%
Asian flu children &
elderly
1968/1969 A(H3N2) ~30,000 1 million Elderly <0.1%
Hong Kong
flu
2003-> H5N1 NA ~350 Median age  60%* Confirmed human-
Avian ﬂu Of patients ::Sn;::nN'c;ansm|55|on
18 years
2009-2010 HiIN1 NA 18,000 22-30 years 0.03% >600,000 infections
Swine flu

*WHO estimate that 60% of patients diagnosed with H5N1 influenza died. Analysis has indicated that under pandemic conditions,
the ‘real’ HSN1 case fatality rate might be 14-33% Source: Li et al, 2008

WHO is currently in ‘alert phase’ for pandemic avian flu; nearly 40 countries have
reported outbreaks in birds & poultry since November 2016
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New human and animal diseases
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Human retroviruses,
HTLV3, HTLV4
Human Bocavirus

Hepatitis E virus
—= Human Herpesvirus 6

Sin Nombre virus
(Hantavirus pulmonary syn-

-
O

Escherichia coli O157:H7 e S AR
HTLV2 1 Guanarito vinss Avian influenza A virus in humans Ebola in West Africa
Lyme disease (Venezuelan (H5N1)
haemorrhagic fever) Schmallenbourg
Plasmodium
knowlesi

£ bi : Human Herpesvirus 8
nterocytozoon bieneusi (Kaposi Sarcoma vi- SARS coronavirus Novel Lujovirus in
2 southern Africa
4 | | | ] | Y | 4 | i ] L\ ] ] Y ] | | | | | ] lvi1 | 1y
1982 1983 1984 1985 1986 1987 1988 1P89 1990 1991 1992 1993 1994 1995 1P96 1997 1998 1 2000 2001 2002 2003 2004 2005 2006 2007 2008 2 2010 2011 2012“2013 2014 2015 201‘%
Common chimp subspecies
origin HIV-1 vrus
L Pandemic HIN1
HIV = \ggl:to ch;le’:ae 0 11 3 influenza A virus
‘Helicobacter pylori oiea Ienssan ‘\
Sabi vite Nipah virus e —y Novel coronavirus Zika
Hendra virus West Nile virus in USA e ™) pandemic
v
) Cyclospora cayetanensis ! : %
Bovine Spongn'n Encephalopathy Simian foamy retroviruses 3
V. cholerae bacte- HINI novel Bunyavirus
Hepatitis C virus in China
Ehriichia chafeensis
Photorhabdus asymbiotica

ncVJD
Bat lyssaviruses (Australia, UK)

70% of the emerging infectious diseases over the last few decades have been zoonotic
(passing from animal to human hosts)



Figure 1 Developing Antibiotic Resistance:

ATimeline of ey Events: Sustainability of human health: [oxo
NTBOTCRSSINS | ST, Antibiotic Resistance scrioo. | R
Penicillin-R Staphylococcus 1940 —
— 1943 Penicillin

* Resistance has developed for nearly all antibiotics in use

—— 1950 Tetracycline

* |Inappropriate prescribing and indiscriminate use of
antibiotics in agriculture have a role (albeit poorly
understood) in fostering antibiotic resistance

—— 1953  Erythromycin

Tetracycline-R Shigella 1959 —
Y g L 1960 Methicillin
Methicillin-R Staphylococcus 1962 —

 The pharmaceutical pipeline of new antibiotics has not kept
up with the rise of resistance

Penicillin-R pneumococcus 1965 —

Erythromycin-R Streptococcus 1968 —— 1967  Gentamicin

Source: Ventola, 2015

— 1972 Vancomycin

An example of the global extent of antibiotic resistance for
the common bug Escherichia coli:

Gentamicin-R Enterococcus 1979 —

100
—— 1985 Imipenem and .
Ceftazidime-R Enterobacteriaceae 1987 — ceftazidime §
Vancomycin-R Enterococcus 1988 1 %
@ 75
[
=
Levofloxacin-R pneumococcus 1996 ——— 1996 Levofloxacin §
Imipenem-R Enterobacteriaceae 1998 — £ 50
XDR tuberculosis 2000 ——— 2000 Linezolid =
Linezolid-R Staphylococcus 2001 — o
Vancomycin-R Staphylococcus 2002 — . o
— D
PDR-Acinetobacter and Pseudomonas 2004/5 — 2003 Daptomycin E .
=S
Ceftriaxone-R Neisseria gonorrhoeae 2009 — 3
PDR-Enterobacteriaceae / 2010 “CeRarnilne I II - II I
Ceftaroline-R Staphylococcus 2011 : : : : . :
Australia Germany India United Kingdom  United States Vietnam
PDR = pan-drug-resistant; R = resistant; XDR = extensively drug-resistant A ) ) ) e
Fluoroquinolones Aminoglycosides Aminopenicillins
Dates are based upon early reports of resistance in the literature. . .. .
In the case of pan-drug-resistant Acinetobacter and Pseudomonas, [ cephalosporins (3rd gen) [ Gentamicin (high-level) Carbapenems
the date is based upon reports of health care transmission or [ | Polymyxins
outbreaks. Note: penicillin was in limited use prior to widespread i
Center for Disease Dynamics, Economics & Policy (cddep.org)

population usage in 1943.
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Estimated deaths
from AMR in 2050:

Tetanus Approximately 10 million

60,000

Road traffic

accidents Cancer
1.2 million 8.2 million
AMR now
700,000
(low estimate)
Measles & Cholera
130,000 : 100,000—
120,000
Diarrhoeal
disease Diabetes

1.4 million 1.5 million

Global deaths per year (approximate figures from 2010-2012)

Source: Review on Antimicrobial Resistance, Wellcome Trust/HM Govt 2016
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Sustainability of human health: iy
Urban sprawl o

Atlanta Barcelona

Built-up area S Built-up area

Population Urban area Transport carbon emissions Population Urban area Transport carbon emissions

2.5 4,280 45 2.8 162 0.7

Source: New Climate

Cities contribute 80% of global CO2 emissions Economy Report 2014
The carbon impact of cities is not necessarily linked to population size

Poorly designed cities have more than an emissions impact. Urban air pollution is
forecast by the OECD to become the top environmental cause of premature
mortality by 2050

Urban sprawl is one of the world’s most significant and least well documented
market failures
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Sustainability of human health: oy
Air pollution
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* 92% of the world’s population lives in places where air quality exceed WHO limits

e Urban air pollution is forecast by the OECD to become the top environmental
cause of premature mortality by 2050

Smog in New Delhi, 9t" November 2016:
1000 on the Air Quality Index (AQl), where >500 is classified hazardous
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Global PM2.5 levels
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* Fine particulate matter (PM2.5): air pollutants with a diameter of 2.5 micrometers
or less, small enough to invade airways and known to increase mortality risk
particularly from cardiovascular disease

* Poor air quality correlates closely to population densities with the exception of
desert areas where high levels of particulates are caused by mineral dust
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Global nitrogen dioxide levels

-

* Concentration of NO2 (nitrogen dioxide) in the atmosphere, averaged over 2014, as
detected and measured by spectrometers on NASA satellites (source: NASA)

* NO2is a pollutant originating mostly from vehicles and coal-fired power stations, which
contributes to the production of ground-level ozone, a severe respiratory irritant

* Areas of the US and Europe (notably the UK) are large emitters, as is China and Japan
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Trend changes in nitrogen dioxide levels: Asia =
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The trend change in nitrogen dioxide concentrations from 2005 to 2014 shows the
impact of both economic growth and environmental controls across China, South Korea
and Japan (Source: NASA)

The Northern plain of China became a major manufacturing hub over the time series
and NO2 levels have increased 20-50% thanks to coal energy use

Some major Chinese cities such as Beijing and China have seen improved conditions,

and in Hong Kong, levels have decreased by 40% - an example of local and regional
governance
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Trend changes in nitrogen dioxide levels: USA =

NO, Absolute Trend 2005-2014

TS

-45 -40 -35 -30 -25 -20 -15 -1.0 -05 0.0
10" molecules/cm?

Large decreases (20-50%) of NO2 concentrations 2005-2014 across the USA
are associated with changes in environmental regulations and technology

improvements (Source: NASA)

However, focusing on North Dakota (RH chart)
shows the impact on NO2 levels of heavy machinery
associated with shale gas and oil exploration as well
as methane flaring
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Parts of Europe and Russia exceed Asian giants in air e
pollution deaths

Number of deaths caused by outdoor air pollution per year per
million people (2010)

UNIVERSITY OF
OXFORD
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USA

EU large 4
Other OECD EU
Aus. & NewZ.
Japan

Korea

China
Non-OECD EU
Russia

Brazil

Middle East
North Africa
Indonesia
India

South Africa

Global premature deaths from ozone and particulates may triple to 9m per year in 2060
(Source: OECD, 2016)



Challenges of new technology:
Cybersecurity —

The US Navy receives 110,000 cyber
attacks
very hour
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99% of computer users vulnerable
to exploitation, thanks to
Oracle Java, Adobe Reader, or
Adobe Flash software flaws

The Internet of Things is the perfect target for
DDoS attacks and data breaches

Estimated global cost of cyber crime:

$100bn

UK fraud hits record
£1.1bn as cybercrime
soars

(The Guardian, 24t Jan 17)

« Fame and notoriety

« Limited technical
resources

« Known exploits

« Limited technical
capabilities

State
Sponsored
Organized
Crime
HathiVist - Cyber\;var,
state secrets,
e ; : industrial
: FOH-O-mlC &ain espionage
. Slgnlf!cant « Highly
- Statement technical sophisticated
resources and
« Relentless, capabilities « Nearly
emotionally Establish unlimited
committed + Established resources
syndicates
» Vast networks Ad « Advanced
« Adware :
» Targeted attacks : : persistent
crimeware, threats
IP theft

N

Changing attacker profiles: increasing resources and sophistication
Source: McAfee Labs Threats Report, 2015
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Automation

* A broad range of non-routine tasks are becoming automatable
* E.g. Work Fusion, Google Translate, IBM’s Watson
* Many service occupations are now susceptible

IBM Watson combines

2 Generates and
evaluates

The Guardian, 5 January 2017

| Understands

and human 2 Japanese company replaces office
communication /e ) workers with artificial intelligence

Insurance firm Fukoku Mutual Life nsurance is making 34 employees redundant
and replacing them with IBM's Watson Explorer Al

from user j Eae=aet
selections and oy L8 5 ‘{“ =
responses e <
Rk Repn s =8 EIEE
_.A‘ ——
' E
£ :
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47% of the US workforce is at risk from automation —

UNIVERSITY OF
OXFORD

Management, Business, and Financial
I Computer, Engineering, and Science
Education, Legal, Community Service, Arts, and Media
I Healthcare Practitioners and Technical
Service
I Sales and Related
Office and Administrative Support
[ Farming, Fishing, and Forestry
Construction and Extraction
I [ostallation, Maintenance, and Repair
Production
I Transportation and Material Moving

400M

+—— Low —— —— Medium —— «—— High —— K
33% Employment 19% Employment 47% Employment .

Employment

T
0 0.2 0.4 0.6 0.8 1

Probability of Computerisation

2010 occupational employment categories and the probability of computerisation . The total
area under all curves is equal to total US employment (Source: Frey & Osborne, 2016)
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Emerging economies are particularly at risk from automation

77% of the Chinese workforce and 69% of
the Indian workforce is at risk of
automation

Manufacturing processes in low- and
middle- income countries are more
automated today than in the past, and
manufacturing is becoming less labour-
intensive

Manufacturing employment in the UK
peaked at 45% just before WW1; emerging
economies like India and Brazil have
already seen manufacturing employment
peak at 15%, a so-called ‘premature de-
industrialization’.
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Population — 1 billion more people

Urbanisation — population increase concentrated in cities
A more prosperous world, but further strain on resources
Complex demographic trends

Climate change is happening — a risk multiplier

Increasingly complex challenges for human health and wellbeing

Malnutrition, obesity, pandemics, and air pollution all have the
potential to provide major global public health emergencies

Rapid technological evolution has the potential to generate
innovative solutions but there will be new challenges in the process

Cybersecurity and automation-related unemployment are major
threats to political stability

A Changing Global Balance: by 2030

Asia: 4.9bn people, 3.3bn of working age
Africa: 1.6bn people, 800m of working age
Europe: 700m people, 460m of working age




High up on the Possible Global ‘In-Tray’ of 2030...|scioo.

1bn more people

Continued prosperity?

Pandemics?

Urbanisation

+1’C warmer?

Artificial
intelligence??

Resource
inequality
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Volatile weather
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Dow Jones Industrial Average
Jan 2006 - Nov 2008

2006 1 2007 2008
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instability??

Enwronmental
disasters??
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New materials, e.g. carbon nanotubes and graphene
Deployable and reconfigurable satellites with precise resolution
Massively increased computing power, particularly with quantum computing
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S( I I 1 I4 I( The 10 ideas...
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Novel antibiotics designed from first principle
Quantum satellites & an unhackable internet
Microscopic surgical robots

Machine learning software and satellite images
Cooling fabric made from battery material

A generic antiviral drug

Pattern-recognition advances in computers
Barefoot medical diagnostics

Supermolecules and new materials






