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Objective for this session

• Take you through some 
of the interesting graphs g g p
and facts presented in 
the report from January 
2013.

– Hopefully encourage you 
to read more about the 
subject!

• Discuss how (life) 
actuaries could use this 
work and get involved.
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Agenda

• Exponential Growth

O i i F t G th• Opinions on Future Growth

• Resource Limits

• Actuarial Impact

• Resource Limits and (Life) Actuaries

3

4



3

Growth
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Growth

The population 
has been 
exhibiting 

exponential 
growth.
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Likewise the per 
capita GDP has 
been growing 
exponentially.

Source: http://www.albartlett.org
There is a great presentation about exponential growth at this web address.

Growth
Exponential Growth

World GDP growth has 
been exponentially 

growing.

• In real terms world 
GDP h t

30

40

50

60

19
90

 $
tr

il
li

o
n

s

World GDP, 1750-2008 AD

GDP has grown at 
average rate of c.3% 
per year in recent 
decades = doubling 
time 23 years.

• 2012 to 2100 is 
almost 4 doubling 
periods.
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• If 3% growth 
continues, world 
economy would grow 
14 times as large in 
2100 as it is now.
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Growth
Where is the growth 

happening?

Sustained higher growth 
in the emergingin the emerging 

economies.
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Growth
Moore’s Law

The number of transistors that can be 
placed inexpensively on an integrated 

circuit doubles approximately every two

100 000

150,000

200,000

250,000
Utility Patents Granted in United 

States 1800-2010

circuit doubles approximately every two 
years.
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Intellectual Property

No. of patents granted illustrates the 
explosive growth in human 

knowledge. 
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Growth
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Not everything that 
grows exponentially 

is that great.
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Source: Scripps Institution of Oceanography (SIO) CO2 Program http://scrippsco2.ucsd.edu R. F. Keeling, S. C. Piper, A. 
F. Bollenbacher and S. J. Walker

Agenda

• Exponential Growth

O i i F t G th• Opinions on Future Growth

• Resource Limits

• Actuarial Impact

• Resource Limits and (Life) Actuaries
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Future Growth?

Green Growth

Growth is the 
Solution
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End of Growth

15 November 
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Beyond the Limits

Opinions: Growth is the Solution

Growth is the 
SolutionSolution

Madison (Contours of the 
World Economy) predicts 

2003-2030 will be the 
fastest growing period in 

history – 2.25 fold increase 
in GDP.

Ridley (The Rational

12

Ridley (The Rational 
Optimist) speaks of the 
ability of humankind to 

adapt to new challenges –
i.e. inventiveness and 
innovation will ensure 

growth.



7

Opinions: Green Growth

Green Growth

UNEP International Resource Panel says costs of growth now outweigh benefits. Global resource usage grew 2x 
fast as population but not as fast as GDP – so some decoupling of GDP observed.

OECD Towards Green Growth Framework calls for a move to green growth will foster economic development and 
continue to provide natural resources. Follows Green Growth Declaration signed by 34 ministers in June 2009.

Resource Revolution (McKinsey Global Institute). Price falls over 20C wiped out by last 10 years of price rises. 
Next 20 years we will have 3bn more middle class consumers . They offer two scenarios. productivity static (supply 

expansion) + productivity response (most demand met by productivity). Latter scenario needs a good deal more 
investment but neither avoid 2 degree warming. Third scenario “climate response case” – move to low carbon 

energy, reforestation, land restoration, carbon capture,

Sh ll h t i S bl ( ffi i l ft til li ti ht h i i t h

13

Shell have two scenarios Scramble (energy efficiency left until supplies tight +  greenhouse gas emissions cut when 
climate change happens) and Blueprint (local actions to ensure growth, deliver energy  security and mitigate 

environment). 2011 updates suggests messages mixed whether we are following Scramble or Blueprint . Shell 
actively supports Blueprint 

IEA produced scenarios  “Current Policies”, “New Policies” and “450” – the former two suggest significant global 
warming – the latter one. Advocate increasing nuclear, gas and renewables. In 450  scenario - 4/5 of carbon 

allowed until 2050 is locked in already (with current technology)

Opinions: End of Growth

End of Growth

Richard Heinberg (The End of Growth)  states the global 
economy is playing a zero sum game with an ever 

shrinking pot divided among the winners. He cites the 
causes as:

Limits to Growth stressed (reiterated) that humanity is on 
course to overshoot. Profound change needed soon to avoid 

collapse.

Based on a systems dynamics world view – interconnections, 
feedback loops, delays, event interactions.

They conclude overshoot caused by…

• Depletion of natural resources
• Negative environmental impacts

• Inability of financial systems to service debt accumulated 
over recent years

Monetary systems are designed to need growth to 
sustain them because they are based on unsustainable 

debt.

Heinberg tells us that the the debt is a claim on resources 
that don’t exist – and that no growth is likely to become the 

new normal

14

• Rapid Change
• Limits / barriers to change

• Errors / delays in perceiving limits / controlling 
change.

Concludes that physical growth will ultimately cease 
completely whether we like it or not.

new-normal.

Tim Jackson (Prosperity without Growth) highlights that a 
sub-system  of a finite system  cannot grow indefinitely. 
Discusses the link between consumption and  social status –

we need to find ways of meeting our psychological needs 
without money.



8

Limits to Growth – Predictions
Limits to Growth
(30 Year Update)

The 1972 LtG paper used 
a systems dynamics model 

(World 3) to explore the 
feedback between;

• PopulationPopulation
• Industry 

• Food
• Non-renewable 

resources
• Pollution system.

The green lines represent 
the “standard scenario” –

which is a business as 
usual (growth agenda).

15

The purple observations 
show the realised 

observations.

Netherlands Environmental 
Assessment Agency / 

Turner (2008)

Growth to Service Debt

* Since the 1970’s actuaries in the US have warned that given the aging of the baby 
boomers, a fiscal crunch would occur in America sometime between 2010 and 2020s.boomers, a fiscal crunch would occur in America sometime between 2010 and 2020s. 
From 1993 to 2001 America’s Debt:GDP ratio went from 49% to 33%.  However by 2012 it 
reached 119% of GDP:”

Institute of Actuaries Evidence Report, January 2013

16



9

Opinions : Beyond Limits

Beyond the Limits

Stockholm University Resilience Centre (Planetary 
Boundaries)  suggests 7 planetary “thresholds and 
”“boundaries “ within which humans can operate.

Thresholds are the tipping points where-after positive 
feedback loop means it is not possible to go back – non-

linear transition points – like a irreversible risk limit.

Boundaries are human defined safe distances from the 
thresholds - like a risk appetite.

17

They highlight the uncertainty in these thresholds / 
boundaries and  the adverse interactions between them .

They estimate humanity has crossed three:
• Climate Change

• Rate of Biodiversity Loss
• Changes in Nitrogen Cycle

Opinions : Beyond Limits

Stockholm University 
Resilience Centre 

(Planetary Boundaries)(Planetary Boundaries)

This is the info-graphic 
(from 2009) showing the 
planetary thresholds and 

boundaries.

Beyond Boundary

• Climate Change

15 November 
2013

18

Beyond Threshold

• Rate of Biodiversity Loss
• Changes in Nitrogen 

Cycle
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Does Growth Make You Happy?

Does growth make you happy?

The graph % of people content 
versus  GDP per person at PPP.

Economic growth remains the 
dominant concern of politics even in 
rich countries yet beyond the levels 
achieved by countries like Ireland, 
South Korea or New Zealand the 

positive correlation between GDP / 
person and happiness breaks down.

19

Source: Jackson, T. (2009)  Prosperity  without growth? Economics for a finite planet,
.

Evidence that inequality leads to a 
less contented society too (The Spirit 

Level - Wilkinson) – and to less 
innovative economies!

Doughnut Economics
Kate Raworth

Doughnut Economics

“The social foundation forms an inner 
boundary below which are manyboundary, below which are many 

dimensions of human deprivation. The 
environmental ceiling forms an outer 
boundary, beyond which are many 

dimensions of environmental 
degradation. Between the two 

boundaries lies an area – shaped like a 
doughnut – which represents an 

environmentally safe and socially just 
space for humanity to thrive in. It is also 

the space in which inclusive and 
t i bl i d l t

20

sustainable economic development 
takes place”

Source: Oxfam. The 11 dimensions of the social 
foundation are illustrative and are based on 
governments’ priorities for Rio+20. The nine 

dimensions of the environmental ceiling are based 
on the planetary boundaries set out by Rockström

et al (2009b)
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Opinions : Beyond Limits

Beyond the Limits

Carbon Tracker Initiative (Unburnable Carbon) tell us we 
have used one third of our budget for carbon to 2050 in 

order to remain within 2 degrees of global warming.

It highlights the assets on energy company balance sheets in 
the form of reserves. The CO2 potential of the carbon 
reserves in the London financial markets account for 
around 20% of the total carbon budget – 100 times the 

WWF 2010 Living Planet Report tells us topical diversity has 
reduced by 60%. They find 5 threats to biodiversity which 
underpin  human ecosystems (freshwater, carbon storage, 

agriculture):

1) Habitat loss, fragmentation, alteration 
2) Over-exploitation of wild species (food, materials, 

medicine)
3) Pollution (excessive fertiliser, pesticides)

21

carbon footprint of the UK’s own carbon reserves.

Only 20% of global carbon reserves are burnable to stay 
within 2 degrees . What we use this budget for is a key 

question.

4) Climate change
5) Invasive species

WWF highlight water is the main link between ecosystems 
and climate – current demand  placed on freshwater 

ecosystems is already beyond sustainable levels.

Why so many views?

Cultural Theory of Risk

Anthropology has something to 
say about this.

That there are 4 social 
constructions of risk that affect 
the way people perceive risk 

taking.

These have been applied in 
environmental negotiations to

22

environmental negotiations to 
seek workable solutions 

between the different 
viewpoints.
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Agenda

• Exponential Growth

O i i F t G th• Opinions on Future Growth

• Resource Limits

• Actuarial Impact

• Resource Limits and (Life) Actuaries
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Oil

This graph from the IEA (International Energy Agency) 2008 World 
Energy Outlook – shows significant dependence on fields yet to be 

developeddeveloped. 

24
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Oil

Data on reserves is disputed – this graph from University of Uppsala 
revised the contributions on non-conventional and yet to be found 

fieldsfields.

25

Oil

26

Energy Watch in Germany in 2007 produced their own analysis – agreeing with Uppsala 
that production would fall away.
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Oil
Issues

• New fields are smaller – and therefore run 
off fasteroff faster.

• Carbon Capture Storage doesn’t seem 
possible for this fuel when used as 
transportation.

• Reserves concentrated in a few 
geographic locations.

• EROEI  (energy returned on energy 
invested) is falling.

• Many national oil companies – oil set to 
become more of a political issue – cheaper 

27

p p
to go to war than buy oil?

When will Peak Oil occur?

According to some it has occurred already 
(e.g. Macquarie Group) – according other 
others it is a long way off (e.g. Exxon Mobil).

Coal (Briefly!)
BP Statistical Review of World Energy 

2012

Most production is in China despite only 
having 14% of global reserves. In 2010 China 

accounted for 43% of world production. 
Depletion rate is 1.9% per annum.

Chinese consumption is 47% of global total –
some estimate of a Chinese peak by 2020 –

Chinese government are considering a cap to 
preserve reserves.

Peak production has occurred in UK

28

Peak production has occurred in UK, 
Germany and Japan.

90% of reserves are in 6 countries. 
USA, Russia, India, China, Australia 

and South Africa,
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Coal (Briefly!)
When is peak coal?

Predications around 2030 
with some not concerns and 

one voice saying we are 
past the energy peak.

IssuesIssues 

EROEI  (energy returned on 
energy invested is a key 

concept).

US coal in the early 20C 
was around 177:1 whereas  
it  is now around 50-85:1 –
with estimates of global

29

with  estimates of global 
EROEI being  28:1.

Falling heating values are 
seen too with falls in the 

energy value of around 30% 
since 1955.

Gas (Briefly!) Since 1980 the gap between discoveries 
and consumption has been negative and 

continues to widen.

In 2010 the BP Statistical Review 
estimated  c60 years of global production 

was leftwas left.

IMP World Economic Outlook Special 
Report on Gas - however projects as 

much as a 50% increase in gas use as it 
is the clean fossil fuel.

Year on year increase on 4% in demand 
reduces the amount left to 33 years worth.

30

Fracking now accounts for 30% of US 
production – provides US with additional 4 

years of gas at current usage levels. 
Unproven reserves may add additional 

years – US EIA estimates 20 years.
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Gas (Briefly!)

Important to distinguish between reserves 
and recoverable reserves.

MIT Study explains that around half of the 
reserves are recoverable at 2011 gas 

prices.

Geography plays an important role too in 
gas c65% of gas is located in:gas. c65% of gas is located in:

• Russia
• Qatar
• Iran

• Saudi Arabia

Supply chains will be critical – pipelines 
needing to cross land – liquefied natural 

gas needs infrastructure ports to be 

31

g p
transportable.

Access restriction and a trend towards 
state owned oil companies. 60%-80% of 

reserves in countries with national oil 
companies or restricted access.

Gas (Briefly!)
When is peak gas?

Seems some agreement that peak gas 
will  be around 2030-2040.

32
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Uranium (Briefly!)

World was in a uranium deficit in 2010 – 14% of supply came 
from secondary sources. Seems that uranium was used for 
military purposes and has been returned to civilian use to 

make up for the shortfall in mined uranium.

33

Uranium (Briefly!)
World Nuclear Association reference scenario predicts a 27% 
increase in nuclear reactor capacity from 2010-2020 – in this 

case causing a shortfall by c2025 – sooner in nuclear capacity 
increases fasterincreases faster.

34
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Uranium (Briefly!)

New discoveries tend to be smaller as 
th h i h t dthe search space is exhausted.

35

Uranium discovery costs have been 
rising.

Uranium (Briefly!)

When is peak Uranium?

Wide range of answers here from the g
next 10 years to 100 years.

36



19

Land, Soil, Food Arable Land (Where Cereals Can 
Be Grown)

• Arable land per capita has halved 
over the last 50 years.

• The area of land growth was 
much less of a factor in the 
production increases –
productivity increases have kept 
agriculture apace.

• To increase production  just from 
land use would have resulted in 
3x as much land use being 

37

g
required.

Land, Soil, Food
Yields Have Increased

Since 1960s the increase in yields 
has been:

• 270% - Cereals
• 160% - Tubers / Roots

400% Meat• 400% - Meat

Increased yields can be attributed 
to:

• 50% from fertiliser
• 20% from irrigation

Fertilisers from phosphorous –
demand it expected to grow by

38

demand it expected to grow by 
50%-100% by 2050 with peak 
phosphorous by around 2030.

75% of phosphorous production 
concentrated in USA, China, 

Morocco and Russia.
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Land, Soil, Food

• From the Land Commodities Global Agriculture & Farmland Investment Report 2009
• A story of forests and grasslands giving way to agricultural land to support populations.
• In 2005 University of Wisconsin reported that 40% of the worlds surface is being  used 

for agriculture – vs 7% in 1700for agriculture vs. 7% in 1700.
• 13.4bn ha on earth – 3bn ha suitable for agriculture – 1.5bn used already – the rest is 

underneath rain forest!

39

Land, Soil, Food

Soil Degradation

• Production time for 6 inches of topsoil is tens of 
thousands of years.

• Mainly caused by weather (flooding, irrigation, 
wind).

• 40% of agricultural land is seriously degraded. 
80% of global farmland is moderately to g y
seriously degraded.

• Over past 40 years 30% of global arable land 
has become unproductive.

40
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Land, Soil, Food What happens when you have too many 
people for your land to support?

• If you are rich you go and buy up land from 
someone poorer than yourself – its not just 
land  but water resources being secured.

Source : Guardian

41

Land, Soil, Food
What happens when you run 

out of water?

• Saudi Arabia reports that it has 
exhausted its principal aquifer 
through over irrigation of its 
wheat and will now stop 
producing wheat by 2016.

• In 2008 Saudi government 
earmarked $5bn for private 
firms wishing to invest in 
countries with strong 
agricultural productivity 
potential

42

potential.
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Land, Soil, Food

Private Investment in Land

• In 2011 there was $14bn invested 
in farmland – this figure expected 
to grow 10 fold according to one 
source.

• US Pension Funds are among 
the biggest investors – $5-15bn 
are reported to be invested with 
expected return rates of 10% -

43

20% cited.

• Increasing common area for 
pension fund investment here in 
the UK too.

Land, Soil, Food Issues

• Phosphorous peak
• Energy needed to create fertilizers / 

irrigation systems / mechanised 
farmingfarming.

• Reliance on fresh water irrigation to 
provide crops.

When is Peak Soil?

• Predictions of top soil running out 
between 40-200 years.

When is Peak Phosphorous?

44

• Peak phosphorous predictions around 
2030 – with outliers suggesting 1989 
and several hundred years.
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Water (Briefly!)

Issues With Water

• Very localised – very expensive to 
move around.

• Water Resources Group cite a 40% 
increase in fresh water use by 2030 if 
no efficiency gains.

• Third of global population live in areas 
where demand exceeds supply by 10% 
now – expected to rise to 50% by 
2030.

45

Rivers Running Dry

• This table gives evidence of the dry 
running of some major rivers.

• Examples from China, USA, India, 
Africa, Aral Sea.

Water (Briefly!)

Since 1900 half of the worlds wetlands have disappeared.  Freshwater species down by 
50% since 1970 (faster than species disappearance in sea or on land). Global threats to 

river biodiversity have been mapped as illustrated in Nature.

46
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Water (Briefly!)

Peak Water?

It seems to be hard to 
estimate peak water 
but localised studies 
suggest some places 
have hit peak water 

already.

47

Commodities (Briefly!)

Copper
Estimate for peak copper around 20-30 

years.y

Indium
Predictions of running out in 10-20 years –

which is an issue given that it is a key 
resource for photovoltaic coatings.
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Agenda

• Exponential Growth

O i i F t G th• Opinions on Future Growth

• Resource Limits

• Actuarial Impact

• Resource Limits and (Life) Actuaries
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Actuarial Assumptions – Real Rates

The paper provides historical evidence 
for the correlation / co-integration of real 

interest rates and GDPinterest rates and GDP.

Population / wealth changes impacts 
need consideration too.

50
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Actuarial Assumptions – Inflation

The paper makes a case for price inflation being linked to GDP growth – but highlights 
the disconnect with wage inflation that is possible - which is important for the DB 

schemes that there the focus of the actuarial analysis in the paper.

Al t id i th t t t hi h t i t f t ldAlso to consider is the extent to which resource constraints on many fronts could remove 
the ability for substitutes to dampen cost-push inflation.

51

Actuarial Assumptions – Mortality

The paper provides some historical evidence for the link between GDP and Mortality –
using data from Russia post-communism and the US over 150 years.

We need to bear in mind that the linkages may be more subtle in future and mortality / 
bidit b l ti ith i d l ti i lth t i h lmorbidity may be selective with insured populations in wealthy countries perhaps less 

affected. However increased connectivity with the globe could increase transmission of 
disease – for example.

52
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Where will the balance sheet be affected?

XS
Own

Funds

Financial Assets – Equities

Trapped carbon reserves.

Assets

SCR

COCA

Own
Funds

pp
Sovereign default / Financial repression / 

Impaired capital flows

Financial Assets – Corporate Bonds

Spread widening / default due to lack of 
growth to pay accumulated debt / Sovereign 

default / Financial repression / Impaired 
capital flows.

53

BEL
VIF Asset

Falling asset values impact AMC recovery.
Lapse due to poor returns / cash-constrained 

savers.

Where will the balance sheet be affected?

XS
Own

Funds

Best Estimate – Mortality / Longevity / Morbidity

• Vector borne diseases (climate change) causing

Assets

SCR

COCA

Own
Funds

• Vector borne diseases (climate change) causing 
pandemics.

• Summer Heat / Winter Cooling (climate change) 
affecting mortality.

• Spending redirected from healthcare.

Best Estimate - Guarantees

• Guarantees biting as asset values fall.

54

BEL
Best Estimate – Expected Default

• Higher expected default charges to reinsurers? 
(Climate change)

• Higher expected default charges to banks? (Lack 
of growth)
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Where will the balance sheet be affected?

XS
Own

Funds

Cost of Capital

• Increased COCA if risk in the sector is perceived to 

Assets

SCR

COCA

Own
Funds

p
increase.

• Capital raising becomes more expensive – more 
future profits ceded to providers of capital.

• Could (de facto) nationalisation be a possible 
outcome for the sector should the business model 
become unviable (for most of population)?

Required Capital

55

BEL
• Do regulators relax capital requirements – or does 

the regulatory / rating agency environment prevent 
relaxation.

• Does the risk appetite of the capital providers get 
larger / smaller? 

• Increased shareholder activism.

Actuarial – ORSA
• Business planning horizon of 3-5 years

– Probably not enough time for a resource / climate event … but enough time for 
changing expectations about the future which will impact valuation assumptions.changing expectations about the future which will impact valuation assumptions.

– Greater risk of regulation to curb climate change if science starts to be accepted 
by political class.

• Scenario Testing / Reverse Stress Testing

– Do the scenarios include a future with resource constraints?

– Which RST is likely to occur in a resource constrained scenario?

56

Typical scenarios are drawn from 
financial history – but could future 

crises look very different?
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Actuarial – Scenarios in the Paper (Briefly)

Government 
sensitive to long 
term projections

Government NOT 
sensitive to long 
term projections term projections.

Markets sensitive to 
long term 

projections.

Government Government NOT 

term projections.

Markets sensitive to 
long term 

projections.

57

sensitive to long 
term projections.

Markets NOT 
sensitive to long 
term projections.

sensitive to long 
term projections.

Markets NOT 
sensitive to long 
term projections.

Professionalism - Assumptions

TAS-M

Assumptions need to be made 
clear and include implicit 

assumptions about relationship 
between phenomena.

58

TAS-R

Assumptions need to be made 
clear – even if these are implicit.
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Professionalism – Uncertainty
FRC / Corporate 

Governance Code CP

The board need to ensure

TAS-R

M t i l t i t d t b

The board need to ensure 
they have sufficient 

information about the future. 
What can they reasonably be 

expected to know.

59

Material uncertainty needs to be 
presented.

Scenarios are suggested as a 
way in which the uncertainties 

can be explored 

Agenda

• Exponential Growth

O i i F t G th• Opinions on Future Growth

• Resource Limits

• Actuarial Impact

• Resource Limits and (Life) Actuaries

60
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Why Can Actuaries Help?

• Global problems made worse by:

• Lack of understanding of risk and uncertainty

• Lack of understanding of exponential growth

• Disregard for science and data

• Actuaries’ core skills are in the following areas:

• Risk and uncertainty

• Exponential growth

• Actuarial science and data based decisions

• Life Insurance Extension

• Application of the scenarios to a life insurer would be a good extension

61

Activity - Institute & Faculty

• Resource & Environment Board (REG) has c.500 members, has excellent support from 
the profession.

P t A ti it• Past Activity

– Recruiting a deputy chair and board members

– Literature review in 2010 focusing on climate change

– Literature review in 2011 focusing on energy

– Research into the limits to growth published January 2013

– Networking evenings in 2011 and 2012

– 2012 thought leadership lecture on climate change by Professor Sir Brian Hoskins

• Current Activity

– 11 December (future directions)

– 3rd Literature review due  June 2014, working with Professor Richard Werner, focusing on 
sustainability of the financial system

– Volunteers for the 3rd literature review are very welcome!
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Activity – International Actuaries

• IAA Resource and Environment Working Group (REWG) 

– Next meeting The Hague, 23rd May 2013

– Sessions at the 2014 Congress of Actuaries, Washington DC  

• CAS / SOA / Canadian Institute Climate Change Committee

– Have commissioned research and created a climate change index

• IAA

– Working group to report on climate change to IAA

63

– Working group to report on sustainable economics

• Society of Actuaries in Ireland wider fields group

Summary

• Exponential Growth

O i i F t G th• Opinions on Future Growth

• Resource Limits

• Actuarial Impact

• Resource Limits and (Life) Actuaries

64
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Contact Details
Elliot Varnell, Milliman

– E-Mail: elliot.varnell@milliman.com

– LinkedIn: http://www.linkedin.com/in/elliotvarnell

– Twitter: @RiskActuary@ y


