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But what are the chances of 

‘something’ happening over 20 
years…

The National Risk Register looks out five years



Emergencies: the 2009 H1N1 
influenza virus (swine flu) 

Source: NIID and ECDC 2009Recorded human pandemics of influenza

Image of HN1N virus 

Source – US CDC

influenza laboratory

• 6 pandemics in 120 years.

• Approximately 65% chance of 

another in 20 years…

• Severity highly variable

New diseases, animals and plants

2010 2011 2012

Schmallenbourg

Novel coronavirus

novel Bunyavirus

in China

Animal and human diseases: One consequence of a ‘small world’

Plant diseases 

also spreading 

globally:
e.g. Chalara

fraxinea



Volcanoes

Effusive eruption
• Potential for emission of huge amount of 

noxious gas, widespread:

• Chronic health effects on ground

• Acute health effects in cabins, ground aircraft

• Potential for significant global cooling and 

disruption to crop growing seasons

The eruption on the Icelandic 

volcano Eyjafjallajökull in 2010.

North west winds and 

high pressure 

exacerbated the effects 

of the eruption

•Average of 25 Icelandic eruptions every 100 years.
•Chance of no further eruptions in 20 years: <1%.

•Disruption dependent on wind direction and 

composition of ash

Explosive eruption
High altitude ash clouds ground aircraft in 

Northern Europe

e.g. 1783 Laki eruption:

Approximately 1:500 year 

event

4% chance happens in 20 
years

Space weather

Hapgood, 2012, Nature

•Potential damage to 
National Grid

•GPS receivers unable to 

track satellites.
•Interference with high 
frequency 
communications

Solar storms approximately follow the Solar maximum 

(rough 11-year cycle). Next solar maximum is expected 

2012/13. 
Approximate chance of a Carrington type solar superstorm (e.g. 1859) in 20 years: 20%

0015UTC on Wednesday  7th March 2012 a X-5 

solar flare erupted from sunspot 1429 in the 

North West segment of the solar disk.



Many NRR events are climate 

dependent

Tewkesbury (2007)

Other climate-related events….

2010: Record-breaking heat wave in Russia. Drought caused 

extensive wildfires, thousands of deaths and worldwide food 

commodity rises

2010: Floods in Pakistan. Over 300mm of rain between July 28th-

30th in Peshawar leading to flooding that submerged 20% of 

Pakistan

2012:  40C (104F) temperatures sparking a wave of fires in New 

South Wales, Victoria and South Australia. 

2012: Most severe and extensive drought in the US for at least 25 

years. Serious  impacts on the crop and livestock sectors

Weather variability increasing with climate change

PNAS, online Aug 2012
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Expected area covered under “normal”

historical conditions 

Courtesy of Tim Benton and Mike Bushell

Global temperature anomalies



Economic Losses related to 
selected Natural Catastrophes 

Source: 2011 Munich Re, Geo Risks Research, NatCatSERVICE 

Increase in severe weather events and cost of 
natural catastrophes

Extremes are now common
Last year >3200 monthly extremes 
passed in US alone

US heatwave last summer 60x 
more likely than it would have been 
without climate change

IPCC (2012) indicates 1-in-20 year 
heat events will become 1-in-2 by 
end of C

Patterns of global supply threatened

Courtesy of Tim 

Benton and Mike 

Bushell



Hansen et al (2012) www.pnas.org/cgi/doi/10.1073/pnas.1205276109

The mean is moving, but the distribution is getting wider 

>2x faster

As climate change occurs variability in 

weather increases

Courtesy of Tim Benton and Mike Bushell

A parochial view

Rainfall in 
England and 
Wales

Source: Environment 

Agency: October 2012



Current projections indicate 2°°°°C 

targets will be exceeded 

‘Turn Down the Heat’: World Bank/Potsdam Institute for Climate Impact research for Climate 

Analytics 2012

US Shale oil/gas reserves having significant 
impact on US economy

Bakkan formation (North Dakota)

Comparison:
•Minneapolis
•Dallas

Major reserves of fossil fuels

Coal Reserves (1012  BTU)

Potentially huge Arctic resources



Contributions to uncertainty in decadal mean surface air temperature 

change estimated from the CMIP3 ensembles

Ed Hawkins, NCAS

• There are uncertainties 

around predicting precise 

impacts due to difficulties 

of:

• Scenario uncertainty:

•Setting targets

•Achieving consensus

•Keeping to targets

• Model uncertainty:

•Knowledge limitations

•Chaotic nature of the 

climate system

Delay in the climate system

25 years

Reverts to A1B in 
less than 10 years

Potential Global Temperature Change from Cloud Ships

Control (A1B)
A1B+geoengineering 
A1B+geoengineering +off at 2025

Geo-engineering

© Crown copyright   Met Office



There are other solutions, for example:

• Hydrogen • Wind 

• Solar • Geothermal 

• Wave

• Biofuels

• Energy efficiency  
engineering

• Natural Gas 
Hydrate

• Nuclear

Carbon Capture and Storage

•£1bn funding made available for 
CCS projects 

•£125 million cross-government CCS 
R&D programme up to 2015 

(Source: Shell)

Geo-engineering by CCS, less problematic Primary need to reduce green house gasses

• Dissolution or inhibition of 

calcium carbonate formation

• Calciferous species affected e.g. 

crustaceans, corals. 

• Impacts for: food security, 

tourism, coastal economies

Challenge: Ocean acidification

Predicted pH fall from 8.1-7.8 by 2100

• Oceans have absorbed around 

30% of anthropogenic CO2 

emissions, altering chemical 

composition of the ocean

• Dissolved CO2 since 1850s has 

decreased Ocean pH by 0.1 

(Log scale → 30% increase in 

acidity)

• Ocean pH decreasing at an 

unprecedented rate – species 

will struggle to keep up



Challenge: An inevitable increase in population, 

urbanisation and vulnerability
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Aged >65

Increasing numbers exposed to hazards

Future challenge:
Increasing demands on resources

Anticipated demand 

by 2050 (FAO)
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Groundwater extraction

Many aquifers have been over 

exploited in India

Recent mapping shows significant 

resources in Africa, which must be used 

sustainably

Driptech - small plot irrigation

e.g. developing new robotic systemse.g. developing new robotic systems

Role of engineering in 
driving efficient agriculture

New technology: food production

After: Blackmore and Moore, 2008

•National Centre for Precision Farming 

•Knowledge exchange to develop 

“smart” agricultural machinery 

Pre - ApplicationPost - Application

Transforming wheat to emit the aphid 
alarm pheromone - a natural insect 
repellent

• uses less chemical pesticide;

• is non-toxic;

• has a lower carbon footprint;

• repels rather than kills the aphid;

• promote biodiversity (the pheromone 

attracts the natural predator);

• uses a naturally occurring process

• increases wheat yields; and therefore

• provides more sustainable agriculture

(E)-ß-farnesene



Regulation - the need to keep pace with 
innovation and be proportionate to Risk

Use of pesticides
•The UK is the 5th largest user of pesticides in Europe

•Regulations/Directives on pesticides in last 26 years has 

limited availability and made introduction of new products 

expensive 

Loss of pesticide capability through regulation or 

crop resistance could have major impact, with yield 

loss of up to 25%

Septoria triticiPowdery mildew

Risk = Hazard x Exposure
• Need for an evidence base to formulate regulation

• Consider the wider risks: unintended consequences

GM Organisms
• Potential for significant advances whilst addressing 

existing problems of high intensity agriculture 

• Harmonised EU regulations stifle innovation with 

decade long approval process

UK: a world leader in biotech but all practical 

application goes on overseas

+ vnt1 gene - vnt1 gene

Bisphenol A – Baby Bottles

2010: Volcanic Ash
• Initially, ‘safe’ levels of 

ash set at an arbitrary level

of presence or absence

• Difficult to justify to 

passengers and industry

DNA testing of food 
• Extremely high sensitivity raises 

issues where there had not been 

concerns

Qualitative analysis can produces Yes or No 

answers which force action: 
•Regulation needs to be proportionate

•Need open and realistic evidence base, to set safe or 

appropriate levels

Clearly though, we do need additional 

(sensible) regulation:

Royal Society and Royal Academy of 

Engineering have reviewed potential 
risks of shale gas extraction 

Area for regulation:

Shale gas – to address 
environmental and safety concerns

e.g. earthquakes and water 

pollution

Need to draw on evidence: e.g. 



Area for regulation: Computer trading

Source: 

Nanex

Key interactions between regulatory measures 

Worst price decline and reversal since 1929

U.S equity markets: May 6 2010

Disasters and Resilience

Storms, floods and 

droughts could all be fairly 

reliably forecast by 2040

Following from: Higher 

resolution modelling, next 

generation satellites for 

earth observation, better 

integration between modelsUK Met Office supported Philippines during 
Typhoon Bopha

• Set up in 24 hours
• 4km resolution forecasts    

…out to 5 days

Foresight: level of capital 

correlates with 

vulnerability and the ability 

to move



Vulnerability of cities and coasts

Picture of a city…

Geology, coastal erosion 

processes, oceans

Ordnance Survey: 
3D supports enhanced 
analysis 

Are we running out of innovation?

The big data revolution

Synthetic biology 

Regenerative medicine

Agricultural 

technology 

- the next 

green 

revolution

The transition to new 

energy sources

Advanced materials

Satellites and 

commercial use of space

Robotics



Challenges up to 2050

• Population – 2.3 billion more people

• Urbanisation – 70%

• A more prosperous world?

• Complex demographic trends

• Migration to vulnerable areas 

• Climate change

Requirements 2050 Source

Food +60% FAO (TOWARDS 2030/2050) 

Water +55% OECD Environmental Outlook to 2050

Energy +80% OECD Environmental Outlook to 2050

Emissions (GHG) +52% (with no policy change) OECD Environmental Outlook to 2050

Tipping points

Climate change
2 degrees?

Population


