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Government Foresight Report 2011

“Policy-makers need to 
consider the global food 
system from production 
to plate…they need to 
adopt a broad view of 
food that goes far beyond 
narrow perspectives of 
nutrition, economics and 
food security” 



What has happened since?

• Food prices are now at a level previously seen in in the early 1970s

• There has been no real improvement on climate

• There has been no improvement on water availability

• Overall, poverty has been reduced

• Globalisation and increasing prosperity is driving demand  

• Urbanisation and population have continued to rise

• Nutrition is emerging as a major neglected issue



Malnutrition has many forms…
and is deeply unequal

• Out of a world population of 7 billion…
• About 2 billion suffer from micronutrient malnutrition ~30%
• Nearly 800m people suffer from calorie deficiency ~12%

• Out of 5 billion adults worldwide…
• Nearly 2 billion are overweight or obese ~40%
• 1 in 12 has type 2 diabetes ~8%

• Out of 667 million children under age 5 worldwide…
• 159m are stunted ~25%
• 50m are wasted ~7%
• 41m are overweight ~6%

• Out of 129 countries with data, 57 have serious levels of both undernutrition and adult 
overweight (obesity) ~45%

Source: Global Nutrition Report, 2016



Malnutrition: another perfect storm?
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Global Panel on Agriculture and Nutrition 2015

• Improve the quality and quantity of data on 
food intake among different sectors of the 
population.

• Reach agreement on how to measure diet 
quality.

• Develop metrics that measure women’s roles in 
dietary choices.

• Design metrics to measure the ‘food 
environment’, including how different food 
system domains are linked to, and interact 
with, the food environment in which dietary 
choices are made.

• Devise metrics that measure the healthiness of 
food systems, all the way from agriculture 
through markets to people’s actual food 
consumption.

• Develop metrics that measure people’s ability 
to access food of sufficient quality and 
quantity.

Early Recommendations



UNEP International Resource Panel Report 2016 

• A ‘food systems’ lens 
is essential to 
improve resource 
efficiency, food and 
nutrition security

• The convergence of 
some unsustainable 
trends in global food 
systems can lead to 
greater resource 
inefficiencies

Early Recommendations



In key ways, the early 21st Century is already determined

The global community will have to contend with a number of significant challenges

Urbanisation: 
global urban:rural ratio ~55% by 2025

Climate change: 
GHG in the atmosphere now will drive changes up to 2030

Demographic momentum: 
An extra billion people by 2025 

Consumption will increase with prosperity

Alemao Shanty Town, Brazil
Brazil is forecast to have 90% urbanisation by 2020
33% of the world’s urban population live in slums



Global Population Predictions

Total 

Population

Year Interval

3 billion 1959

4 Billion 1974 15 years

5 Billion 1987 13 years

6 Billion 1998 11 years

7 Billion 2011 13 years

8 Billion 2022 11 years

9 Billion 2040 18 years

10 Billion 2055 15 years

Historical progression of Global Population

More than half of global population growth 
between now and 2050 is expected to occur in 
Africa: of the additional 2.4bn people 
projected to be added to the global 
population between 2015 and 2030, 1.3bn will 
be added in Africa

Source: World Population Prospects 2015, UN 



Urban Agglomerations in 2014

• 54% of the world’s population live in urban areas
• 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
• Currently, the world’s cities emit almost 80% of global CO2

(UN DESA – Population Division, 2014)



Urbanization Trends
• By 2030, the world is projected to have 41 mega-cities

• By 2050, 66% of the world’s population is projected to be urban – another 2.5bn city 
dwellers – with nearly 90% of this increase concentrated in Asia and Africa

• The fastest growing urban agglomerations are medium sized cities with less than 1m 
inhabitants in Asia and Africa

• Many of the major urban areas are situated in flood plains



The changing global poverty landscape and the 
rise of the global middle class

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

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



Since the 1950s, many of the 
observed changes are unprecedented 
over decades to millennia.  The 
atmosphere and oceans have 
warmed, the amounts of snow and 
ice have diminished, sea level has 
risen and the concentrations of 
greenhouse gases have increased.  

Warming of the climate system is unequivocal

Average global near-surface temperature relative to 1850-1900

Total change in glacier mass balance since 1980

Frequency of global average daily temperature 
extremes, in percent of days per year(Met Office, 2016)
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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

Future climate warming is also unequivocal, and there 
is growing evidence that there will be increasing 

weather volatility

• 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). 



Weather volatility can cause shocks to the global 
food system

• Food production of the globally most important crops is 
concentrated in a small number of major producing countries

• A plausible worst case scenario is that two extreme weather 
events occur simultaneously, resulting in a serious production 
shock

• There is an urgent need to understand the driving dynamics of 
these meteorological impacts

Crop Case Study
Year

Global Production 
Decrease

Absolute Production 
Loss (M Tonnes)

Modelled Yield 
Loss

Maize 1988 12% 55.9 13.5-16.4

Soybean 1988/89 8.5% 8.9 6.0-6.3

Wheat 2003 6% 36.6 6.4-9.5

Rice 2002/03 4% 21.7 1.9-3.5

Source: Final Project Report from the UK-US Taskforce on Extreme Weather and Global Food System Resilience, The 
Global Food Security Programme, UK, 2015



Consequences for food, water and energy:
the “Perfect Storm”

Source: Professor Sir John Beddington, Biodiversity: Policy Challenges in a Changing World
London: Government Office for Science, 2009



Production Challenges of the ‘Nexus’

• Energy demand is expected to increase by 55% by 2030, with global 
electricity demand growing by over 70% (OECD, 2013)

• World agricultural production needs to rise by 40% by 2030 to meet 
demand (FAO, 2012)  

• These global increases in food demand are 70% determined by population 
growth and 30% by per capita income growth

• There is a projected 60% gap in supply/demand for water by 2030 (2040 
Water Resources Group, 2013)

• Agriculture accounts for 70% of water use and 24% of global GHG 
emissions

• To meet projected crop needs without land use change, average crop 
yields would need to grow 15% more from now to 2030 than they have 
done in the last 15 years. 



Given these unchangeable patterns and 
entrenched inequalities, what can be done?

• Scientific research and innovation
– Big data

– Agri-technology

• Evidence-based policy
– Poor regulation leads to disruption

• Political will
– National policies

– Local planning

A need for 
sophisticated 

modelling



• Computing power
– E.g., the Met Office new supercomputer, costing £97m (2014), will be one of 

the fastest in the world, performing more than 16,000 trillion calculations per 
second

– the next-generation weather and climate models are expected to reach the 
exascale by 2020, being able to perform a million trillion calculations per 
second and providing weather forecasts with resolution to 300 metres

OPPORTUNITY: Big Data

• Data availability
• E.g., growth in high resolution satellite 

sensors opens up opportunities 
ranging from urban monitoring to 
ocean monitoring to crop monitoring



Innovative ways to think 
about food and farming in an 
urbanised world , e.g. 
vertical farms

Pest and disease management, e.g., 
low-cost hyperspectral cameras to 

detect pest and pathogen presence at 
early onset

OPPORTUNITY: Technology and Innovation



OPPORTUNITY: Biotechnology in Agriculture

Genetic manipulation: Rothamsted researchers have 

developed Camelina plants that accumulate Omega-3 long 
chain polyunsaturated fatty acids in their seeds; this would 

reduce the need for fish oil consumption by humans

Molecular breeding: Wheat rust, the 
‘polio of agriculture’, can destroy 50% 
of a farmer’s crop in one epidemic , 
and evolving resistance means 90% of 
all current African wheat varieties are 
currently susceptible.  Marker 
assisted selection techniques allow 
researchers to map rust resistance 
genes (right) to assist in the breeding 
of resistant varieties

Genome data: in 2014 the 3000 Rice Genomes Project published 

3000 rice strain genomes, quadrupling the current amount of 
publicly available rice genome data



The Next 15 Years

• Population – 1 billion more people

• Urbanisation – population increase concentrated in cities

• A more prosperous world, but further strain on resources

• Complex demographic trends

• Migration to vulnerable areas 

• Climate change is happening – a risk multiplier

Overall: an increased vulnerability to shocks and pressures

2030 compared to 2012 Source

Food +38% FAO (TOWARDS 2030/2050) 

Water 60% gap in supply/demand Water 2030 Global Water Supply and Demand, 2013

Energy +54% OECD Environmental Outlook to 2030, 2012

Emissions (GHG) +37% OECD Environmental Outlook to 2030, 2012

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



Why are we here?

• “Food system modelling is an invaluable 
tool for informing policy-makers”

• “Modelling is the only tool available for 
trying to understand the complex non-
linear interactions of the numerous drivers 
affecting the food system”

• We need a “global, spatially explicit, open-
source data base for the analysis of 
agriculture, the food system, and the 
environment”

• We need to be able to “systematically 
compare different models, share results 
and integrate work better with policy”


