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Definitions

Food security 
A situation that exists when all people, at all times, have physical, social and 
economic access to sufficient, safe and nutritious food that meets their dietary 
needs and food preferences for an active and healthy life. 

• Food security is about sustainably supplying nutritious diets, not simply growing more calories

Food system 
All the elements (environment, people, inputs, processes, infrastructures, 
institutions, etc.) and activities that relate to the production, processing, 
distribution, preparation and consumption of food, and the output of these 
activities, including socio-economic and environmental outcomes 

• Food security arises as an outcome from the food system, it is not simply mapped onto agriculture
• The “food system” connects supply and demand.  Reduction in impacts can arise from changing 

farming directly, or from changing the demand for the products that have an impact
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Food systems are affected by climate change in many ways :

• Through changing the climate:
• Where can crops (and livestock) grow?
• Where can pests and diseases live?
• Creating mismatches between growth periods of plants and their pollinators
• Changing the quality of crops (e.g. sugar levels) by changing the timing of the growing season
• Affecting nutritional quality and spoilage of stored food (e.g. changing rainfall, changing humidity, 

changing aflatoxin contamination)

• Through changing the weather, particularly its variability, extremes and 
predictability:

• Drought and heat affects plant and livestock yields
• Extreme precipitation can destroy crops, and prevent access to land
• Unseasonable weather can disrupt development e.g. strong winds removing flowers from fruit trees
• Disrupting supply chains by affecting infrastructure and thus availability

• Through changing basic biology:
• Plants use photosynthesis to convert CO2 to sugar, so rising CO2 levels make this easier to do
• CO2 fertilisation changes the way plants allocate resources to growth vs reproduction, changing the 

nutrient content (particularly reducing protein and micronutrient contents)



Of these, perhaps rising incidence of extremes will have biggest impacts
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Patricia Oct 24 2015

18th century bridge, Tadcaster UK
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Food, land and climate



The land system: global demand for land
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• 120 Mha of urban expansion by 2030 
• Consumes 46 Mha of highly productive cropland
• Sea-level rise: land lost + 13.1 m people in US displaced by 2100 (Hauer, 

2017)

• 60-100% more food by 2050?
• Expansion typically on lower productivity lands
• 100 - 1,000 Mha more land by 2050 depending on assumptions 

• 500 EJ per year of bioenergy by 2050?
• Renewables typically 10 to 3,000 times more land intensive

• 115 Mha of new land for biomaterials/bioeconomy by 2050

• new land by 2100 for Bioenergy with carbon capture & storage 
(BECCS)

• Afforestation and reforestation would require 970 Mha

Scale: Spain is 50.6 Mha

Category Today

Total habitable land 10.4 Bha

Crop 1.5 Bha

Grazing 3.3 Bha

Forest managed 300 Mha

Forest natural 3.7 Bha

Scrub+semi-natural
land

1.2 Bha

Urban ~360 MHa

• About a quarter of ice-free land is degraded
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Climate change is affecting food



Climate change is already…
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…disrupting:

• Agriculture, through increasing incidence 

of extreme weather (e.g. severe rainfall, 

drought, temperature) – affecting 

smallholder livelihoods in many places

– Affecting both yields and nutrient 

contents

• Infrastructure, particularly through more 

severe storms (cyclones, hurricanes etc)

– Including roads, dams, ports



Interacting factors and price spikes
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(Homer-Dixon et al. 2015; Puma et al. 2015; Marianela et 
al. 2016; Philippe et al. 2016; Tadasse et al. 2016; 
Challinor, Adger & Benton 2017, Challinor et al, 2018)

System
Intensification 

pressure

Weather shocks
Pests, diseases
Input shocks
Regulatory shocks
Geopolitical shocks
trade wars or
e.g. 
chokepoints
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Agriculture and food affect climate



The impacts of the sector on climate change: agriculture and food’s emissions
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Source Amount Units

Global Anthropogenic GHGs 52.0±4.5 GtCO2e y-1

(over 2007-16)

Agricultural land use change 4.9±2.5 GtCO2 y-1

Methane from cows and soils 4.0±1.2 GtCO2e y-1

Nitrous Oxide (fertiliser, 
manure)

2.2±0.7 GtCO2e y-1

Transport, manufacturing, 
cooking etc

2.4-4.8 GtCO2e y-1

Total 14.7 (10.7-19.1)
28.3(21-37)

GtCO2e y-1

% of total

Livestock:

• 4.1 Gt direct emissions plus 

share of:

• 4.9Gt for LUC

• ~3.6Gt post-farm gate 

emissions

• ~50% total

• of which ~3/4 from cattle

Source: IPCC SRCCL Table SPM1



Footprints of food
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Poore & Nemacek (2018)
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IPCC SRCCL Message 1: Technical mitigation potential of dietary change

Source: IPCC SRCCL Fig 5.12

Total technical mitigation potential

0.2-2.4 GtCO2-eq yr-1 for livestock sector
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We are not feeding the world nutritiously
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To a first approximation, a diet with lots of fruit and vegetables, plant protein, less livestock produce, more 

whole grains and less ultra-processed foods (rich in calories) is both more healthy and has a lower footprint 

than diets currently consumed in HICs and many MICS.

(EAT-Lancet, Obesity-Lancet, IPCC SRCCL, Springmann et al, Clarke et al, GloPan)
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Mitigation and land use
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IPCC SRCCL Message 2: Negative emissions technologies are risky but may be important
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IEA/OECD WEO 2016



Source: IPCC SRCCL Fig SPM2
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There is no silver bullet to decarbonise the food system
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• Total technical supply side and demand 

side mitigation is approximately equal

• Many policy interventions possible

• Trade may be an enabler or disabler

IPCC SRCCL T5.6
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Discussion points

• Living in anything like “safe” climate change may require dietary change in many countries

• To reduce emissions directly

• To reduce land pressure and allow possibility of NETS

• “zero net carbon” is perhaps a bigger challenge than “zero carbon”

• Co-benefits from improved health potentially greater than transition costs

• Societal costs of poor diets in UK >5x greater than agricultural GVA

• How best to achieve low carbon food systems will change with future of trade

• ~40-50% of what UK eats is imported

• Could have UK zero net carbon land use but increased emissions overseas; or low-emissions diets but high 

emissions UK land use

• In the meantime, the global food system is increasingly fragile to shocks; and competition for 

land is increasing
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Thank you
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@timgbenton

tbenton@chathamhouse.org


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

