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Emissions and resource uses included 
or excluded by supply chain stage by 
Poore & Nemecek (2018)

• Land use change
• Crop production
• Livestock / aquaculture
• Processing
• Packaging
• Retail
• Losses
• Transport



Total GHG emissions from 
the global food system

Crippa et al. (2021) Food systems are responsible for a third 
of global anthropogenic GHG emissions. Nature Food.

• Emissions have increased by 42% since 1990, 
globally

• Emissions have increased by 101% since 
1990, in developing countries

• Emissions have decreased by 6% since 1990, 
in industrialised countries



Crippa et al. (2021) Food systems are responsible for a third of global anthropogenic GHG emissions. Nature Food.

GHG emissions from the global food system in 2015
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Crippa et al. (2021) Food systems are responsible for a third of global anthropogenic GHG emissions. Nature Food.

Global GHG emissions trends of the food system by sector



Demand- and supply-side measures need to be considered

• Supply-side measures in the 
AFOLU sector are large & cost-
competitive

• Demand-side measures such as 
dietary change and waste 
reduction also have large, but 
uncertain, mitigation

• Demand-side measures may be 
difficult to implement, but are 
worthy of further research

• Other options in the AFOLU 
sector include bioenergy

Smith et al. (2014) – IPCC WGIII AR5



Contribution of the land sector to a 1.5°C World

Roe et al. Nature Climate Change (2019)



Greenhouse gas emissions from meat and dairy

https://www.bbc.co.uk/news/science-environment-51210622

The UK Committee on Climate 
Change says we need to cut meat 
and dairy consumption by at least 
20% (and reduce waste by 20%)

CCC chief executive Chris Stark 
told BBC News: “We can't meet 
the government's 2050 Net Zero 
target without major changes in 
the way we use the land, the way 
we farm, and what we eat.”

https://www.bbc.co.uk/news/science-environment-51210622


Ripple et al.(2014)

Big differences in the climate impact of different foods

Ruminant meat (cattle, sheep etc.) has a 
climate impact 10 to 100 times greater than 
that plant-based foods (Poore & Nemecek, 
2018)

Shift diets from foods in shown in a to more 
foods in b, will greatly reduce the climate 
impact of the diet

a

b



Vegan diets have lowest climate impact, then vegetarian diets – but all reductions 
in meat and dairy deliver climate benefits Aleksandrowicz et al., 2016
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Target total emissions for an 
individual to meet Net Zero 
targets = 2 t CO2e per year

Difference between vegan and 
heavy meat diet = two return flights 
from Edinburgh to Malaga (= 1.32 t 
CO2e per year) 

Greenhouse gas emissions from individual diets

2.2

0.88

A heavy meat diet 
ALONE exceeds the 
worldwide per-
person emissions 
target to combat 
climate change

Calculated using the Carbon Footprint Calculator (https://www.carbonfootprint.com/calculator.aspx)



“For all environmental indicators and nutritional units examined, plant-based foods have 
the lowest environmental impacts; eggs, dairy, pork, poultry, non-trawling fisheries, and 
non-recirculating aquaculture have intermediate impacts; and ruminant meat has impacts 
∼100 times those of plant-based foods”

Clark & Tilman (2017)

Environmental impacts of broad groups of foods per kilocalorie
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Other papers arriving at similar conclusions……

Tilman & Clark Nature (2014)



Cancer risk increases with higher consumptions of red 
and processed meats…

18% increase in risk of colorectal cancer = increase of 1/100 people



Using the land to tackle climate change

• Over 30% of crops grown on the planet are fed to livestock rather than humans

• Eating less meat and dairy would free-up land to use for other things, like 

protecting biodiversity, or tackling climate change

• When plants grow, they remove carbon dioxide (the most important greenhouse 

gas) for the atmosphere

• The land can therefore be used to remove carbon dioxide from the atmosphere 

to help tackle climate change

• Nature-based solutions (like protecting peatlands and woodland, restoring 

degraded peatlands and woodland, better managing woodlands and soils and 

creating new native woodland) can help biodiversity and help to address climate 

change



Using the land to tackle climate change 

– some words of caution

• The land can’t do it all! There is not enough land to soak up emissions from 

other sectors, like transport, energy generation aviation etc.

• Immediate and aggressive action is needed across all sectors of the economy in 

we are to meet net zero targets

• Not all land-based solutions are necessarily good for biodiversity - so they need 

to be chosen and implemented carefully to get the multiple benefits

• Implemented carefully though, nature-based solutions are good for 

biodiversity, good for people and good for both climate change adaptation and 

mitigation



Nature-based solutions in the UK – Scotland has a big role

• Protect peatlands, 
woodland and 
permanent grassland

• Restore degraded 
peatlands, forest and 
coastal / marine 
systems (blue carbon)

• Manage woodlands 
and soils better

• Create new woodland 
with native trees



Muller et al. (2017)

Reducing animal product 
consumption also creates 
the headspace for less 
intensive forms of 
agriculture. The highest 
levels of organic share can 
only be achieved by 
reduction in animal product 
consumption and 
elimination of animal feeds 
that could be fed to humans



Conclusions
• Food production and distribution contributes up to a third of global greenhouse 

gases emitted by human activity

• Livestock production is responsible for 58% of all emissions from agriculture, and 
half of these emissions come from ruminants, such as cattle

• Ruminant meat has a 10-100 times worse impact on the climate than plant-based 
foods, as well as 10-100 times worse impact on land use, water use, air pollution 
and water pollution

• We need to redesign the food system to produce food that is healthy and 
sustainable – this will mean lower meat consumption and halving food loss and 
waste, as well as improving efficiency of production

• Agricultural and life science universities need to: a) embrace the whole food 
system, b) engage with demand-side changes needed in the food system to 
address societal challenges, c) engage more with social scientists and nutritionists 
and d) reduce YOUR emissions by 65-70% by 2030 (compared to 1990 emissions)


