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“Those who cannot 
remember the past are 
condemned to repeat it.” 

George Santayana (1863-1952) 



Global life expectancy has increased by 50% 
since 1950 to 70 years 

Infant mortality rates have significantly 
improved in all regions of the world 

Human wellbeing indicators: health 



Consequences: population 

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



Agronomy Progress 

UK average wheat yields 

Global food production is 3x what it was in 1950 
The world produces 30% more calories per person than in 1960 

The Green 
Revolution:  

modern irrigation 
techniques, 

pesticides, synthetic 
nitrogen fertilisers 

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



Human wellbeing indicators: wealth 

Real GDP per Capita (2000 dollars) 
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Source: Pinkovskiy and Sala-i-Martin, 2009 

World Distribution of Annual Income (USD) 



Consequences: land use change 

• 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 

Source: Millennium Ecosystem Assessment, UNEP  

• 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 



Consequences: resource consumption 



Consequences: ecosystems 

Forests Seas 

Forest cover 
degradation, 
Borneo 

Extinction numbers: 

The pace of fisheries expansion, quantified by 
PPR, the Primary Production Required to 
generate the catch of fisheries, as a proportion 
of local primary production.  (Swartz et al, 2010) 



60% of the increase in the atmospheric concentration of CO2 
since 1750 has taken place since 1959 

 

Consequences: emissions 

Carbon dioxide emissions (in teragrams CO2) 



Where has the 20th Century left us? 

There is less poverty, but more food inequality 

There are major natural and physical resource pressures  
 

Industrialisation, globalisation and 
urbanisation have led to significant 

greenhouse gas emissions 
 

• ~1.3bn still  live below the poverty line ($1.25/day) 
• 1 in 4 children worldwide are stunted 
• In 2008, 35% of the world population was 

overweight, and 29% was micronutrient deficient 
 
 

Source: GloPlan, 2014 We are more informed than ever before 



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 
The world’s cities emit almost 80% of global CO2 



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* 2025 14 years 

9 Billion* 2043 18 years 

Historical progression of Global Population 

* Denotes predicted year 

Of the extra 2bn people added in the 30 years from 2011, 
~1.1bn will be born in Africa and 0.9bn in Asia  



 

Urban Agglomerations in 2025 

(UN DESA – Population Division, 2010) 



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 



 
Observed globally averaged combined land and ocean surface temperature anomaly 1850-2012 

IPCC, 2014 

slowdown 

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 



Warming is not the only indicator of climate change 



Number of natural disasters 1900-2012 

Source: D. Guha-Sapir, R. Below, Ph. Hoyois - EM-DAT: International Disaster Database – www.emdat.be  

http://www.emdat.be/
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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 

Emissions of twenty years ago are dictating today’s climate, and thus 
could be dictating today’s severe weather patterns 

So what will happen to the weather of the near future, given the recent rapid increases in emissions? 

And what will happen to the weather of the far future, given the next fifty years of emissions? 



Estimates of current extinction rates vary from 10 to 690 extinctions per week  

Biodiversity status update 

Many species remain undescribed thus 
their conservation status is unknown 

? 

Monstersky (2014) Life – a status report, Nature 516: 159-161  

Most data exists for 
these groups 

% of described species under threat of extinction 

Only 0.5% of 
insects described 

have been 
evaluated 

Photo credits (left to right): iStock/GlobalP, iStock/amwu, iStock/Studio-Anika, iStock/kurga 



Main threats to animal populations 

How can we conserve biodiversity and 
ecosystem services while feeding the world? 

[Source: Monastersky (2014). Nature, 516: 159-161] 



Cattle and buffaloes 

Sheep and goats 

Livestock production  
- the world’s largest user of land  
- set to grow 1.4% per year to 2030 and 0.9% per year from 2030-2050 

Increases in grazing animals to 2050: 

Number of animals in 2005/07 and 2050:  

In terms of meat production… 

Source: FAO, World Agriculture Towards 2030/2050: The 2012 Revision 



Source: FAO, World Agriculture Towards 2030/2050: The 2012 Revision 

Crop production  

Land expansion will account 
for the remaining 10%  

Higher cropping intensities + 
yield increases will together 
contribute 90% to global 
growth in crop production to 
2050 

Arable land in use 



Source: FAO World Agriculture Towards 2030/2050: The 2012 Revision 

World land availability with potential for rainfed crops 



The state of the world in 1950 

• No knowledge of DNA 

• No widespread use of antibiotics 

• Few co-ordinated vaccination programs 

• Serious threats from smallpox, polio, 
whooping cough, diptheria, 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 

• No contraceptive pill 



Technological Progress 

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 

Supercomputer peak performance 



Biological progress 

Michael R. Stratton et al,  Nature 458, 719-724(2009) 

DNA Sequencing technology: faster and cheaper 

1953: DNA double helix structure mapped by Watson & Crick 
1972: first recombinant DNA created 
1980: first genome sequenced 
1995-2014: >180 genomes sequenced 
 



System of Rice Intensification (SRI) 
Designed to benefit farmers with small holdings 

Increases productivity by maximising management practices 
not inputs. Benefits seen in over 40 countries 

• 100 per cent increase in yield 
•  90 per cent reduction in seed 
•  50 per cent water saving 

OPPORTUNITY: Rural agriculture practices 

Under-utilised edible plant diversity 
• 12 crops provide 80% of the plant food consumed 

globally 

• Yet 30,000+ species are known to be edible 

• 7000 edible species are semi-domesticated 

• More than a billion people rely on such plant diversity 
for part of their daily diet 

Conservation & 

sustainable 

utilisation of yam 

wild relatives in 

Madagascar  



OPPORTUNITY: Biotechnology 

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, quadrapling the current amount of 
publicly available rice genome data 

 

 

 



Business & Biodiversity Programme  

Working to assist the palm oil industry to reduce the impact it has on 
wildlife and ecosystems 

• Assisting  the palm oil sector in bringing commitments to reality 

• Supporting compliance with sustainable certification standards and 
environmental expectations 

• Developing tools and guidance for:  
• Tiger Human Conflict  
• SMART approach to monitoring environmental impacts 
• Adaptive management processes for protecting landscapes and species 

• Increasing transparency in the palm oil sector 

• Engaging with investors and stakeholders in the palm oil supply chain to 
monitor and manage environmental risk 



• Interactive online resource for 
investors, manufacturers, and 
other stakeholders in the palm 
oil sector to monitor and 
manage environmental risk 

• Assessments of the world's 
largest palm oil producers 

• Satellite map showing company 
concessions, protected areas, 
tree cover loss, fire alerts 

• Resources for supply chain 
stakeholders, including reports, 
case studies and advice on best 
management practices 

• Relaunching in November 2015  

Sustainable Palm Oil Transparency Toolkit (SPOTT) 



Philippines: Turning the tide on mangrove loss since 2007 
Oct  2009 Mar 2012 

• MPA development  

• Sustainable management 

• Replanting of site appropriate 
mangrove species 

• Maintaining mangrove biodiversity 

• Rehabilitating abandoned fishponds 

• Training and support for expansion 

• Alternative livelihoods 

• Scientific methodology and evidence 

• Long term monitoring and maintenance 

• Community engagement 

• Local government partnerships 

• Sustainable mangrove tree nurseries 

• Best practice manuals 





• Converting forest into farms 
significantly alters the biophysical 
environment 

• Yield declines are raising concerns that 
ecosystem limits might have been 
reached and exceeded 

• Climate change is likely to exacerbate 
these effects 

• Knowledge about these inter-
relationships remains poor 



  

ECOLIMITS project 

  



Ghana Emissions Reduction 
Programme 

ECOLIMITS is feeding into this 
ambitious new programme 
that aims to: 

 
• Improve yields 
• Reduce emissions from 

deforestation and 
degradation 

• Develop Climate Smart 
Cocoa 

• Provide co-benefits for rural 
livelihoods and biodiversity 

 



The Changing Global Balance 

Africa in 2030: 1.6bn people, 800m of working age 
Europe in 2030: 700m people, 460m of working age 
Asia in 2030: 4.9bn people, 3.3bn of working age 
 

UK population in 
2030 = 70 million 
(UN World Population Prospects, 2015) 


