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The impact of food on climate change



Agricultural emissions are increasing, but net forestry CO2
emissions have fallen recently

• AFOLU accounts for 24% of 
total anthropogenic GHG 
emissions

• AFOLU is the only sector 
where net emissions fell in the 
most recent decade

• Whilst agricultural non-CO2
GHG emissions increased, net
CO2 emissions fell, mainly due 
to decreasing deforestation, and 
increased afforestation rates

Smith et al. (2014) – IPCC WGIII AR5



What is the potential of the mitigation options for reducing GHG 
emissions in the AFOLU Sector?

• Global economic mitigation potentials in agriculture in 2050 are estimated to be 
0.5─10.6 GtCO2eq/yr. 

• Reducing food losses & waste: GHG emission savings of 0.6─6.0 GtCO2eq/yr.
• Changes in diet: GHG emission savings of 0.7─7.3 GtCO2eq/yr.
• Forestry mitigation options are estimated to contribute 0.2─13.8 GtCO2/yr.

Smith et al. (2014) – IPCC WGIII AR5



Ripple et al.(2014)

Big differences in the GHG 
intensity of different foods

Not just meat – e.g. out-of-
season, greenhouse grown 
vegetables also have high 
GHG intensity



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



Changed consumption patterns

Land based GHG emissions:

Fewer animal 
products in global diet 
allows everyone to be 
fed, and land is 
available for energy 
and nature 
conservation

Stehfest et al. (2009)



Popp et al. (2011)

Reducing GHG emissions – dietary 
change vs. technical mitigation

Increased meat Decreased meat

Without
technical 
mitigation

With
technical 
mitigation



Food demand must be managed because sustainable 
intensification alone will not suffice

Scenarios

Yields Demand side reduction 
measures:

Current trends in 
yields

Yield gap 
closures

(sustainable 
intensification)

50% Food 
waste 

reduction

Healthy 
diets

CT1 x

CT2 x x

CT3 x x x

YG1 x

YG2 x x

YG3 x x x

Bajželj et al. (2014) Nature CC



Food demand must be managed because sustainable 
intensification alone will not suffice

Bajželj et al. (2014) Nature CC

units 2009* CT1 CT2 CT3 YG1 YG2 YG3

Cropland Mkm2 15.6 22.5 (+44%) 18.7 (+20%) 17.6(+12%) 18.2(+16%) 16.0 (+2%) 14.6 (-6%)

Pasture Mkm2 32.8 35.2 (+7%) 32.6 (-1%) 26.8(-18%) 36.0(+10%) 33.1 (+1%) 27.1 (-17%)

Net Forest cover Mkm2 26.1 23.1 (-12%) 24.7 (-6%) 26.1(+0%) 24.2(-7%) 25.6 (-2%) 27.1 (+4%)

Tropical Pristine Forests Mkm2 7.9 7.2 (-9%) 7.4 (-7%) 7.4(-6%) 7.4 (-6%) 7.6 (-4%) 7.6 (-4%)

Total GHG emissions GtCO2/y 13.5 22.2 (+64%) 16.1 (+20%) 11.7(-13%) 19.2(+42%) 15.0 (+11%) 10.2 (-25%)

Carbon sink potential GtCO2/y 14.7 14.5 (-1%) 14.6 (-0%) 14.8(+0%) 14.6(-1%) 14.7 (+0%) 14.7 (+0%)

Fertiliser use Mt/y 103 166(+61%) 136(+32%) 125(+22%) 226(+120%) 196(+90%) 175(+70%)

Irrigation water use km3/y 2889 6496(+125%) 5328(+84%) 5075(+76%) 5051(+75%) 4413(+53%) 4157(+44%)

Current yield 
trend

Yield gap 
closure only

Yield gap closure + 
demand options



The impact of food on land, water and 
other indicators



“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



Estimated global 
variation in GHG 
emissions, land use, 
terrestrial acidification,
eutrophication, and 
scarcity-weighted 
freshwater withdrawals, 
within and between
40 major foods. (A) 
Protein-rich products. 
Grains are also shown 
here given that they
contribute 41% of global 
protein intake, despite 
lower protein content. (B) 
Milks. (C) Starch-rich 
products. (D) Oils.

Poore & Nemececk (2018)



Estimated global 
variation in GHG 
emissions, land use, 
terrestrial acidification,
eutrophication, and 
scarcity-weighted 
freshwater withdrawals, 
within and between
40 major foods. (E) 
Vegetables. (F) Fruits. (G) 
Sugars. (H) Alcoholic
beverages (1 unit = 10 ml 
of alcohol; ABV, alcohol 
by volume). (I) 
Stimulants. n = farm
or regional inventories. Pc 
and pctl., percentile; scty., 
scarcity.

Poore & Nemececk (2018)



Present (2010) and 
projected (2050) 
environmental 
pressures on five 
environmental 
domains divided by 
food group

Springmann et al. (2018)



Impacts of reductions in food loss and waste, technological 
change, and dietary changes on global environmental 

pressures in 2050

Springmann et al. (2018)



Reduction in environmental impacts when measures are combined

Springmann et al. (2018)



Planetary option space 

Springmann et al. (2018)



Effect of diets on GHG 
emissions and cropland.
a, Per capita food 
production GHG emissions 
for five diets b, c, 
Forecasted 2009 to 2050 
changes (2009 value set to 
0) in global food emissions 
(b), and cropland for each 
diet (Methods; alternative 
scenarios, such as lines 1-
4, have fairly parallel 
trends) (c). d, 2050 global 
cropland reductions from 
alternative diets relative to 
income-dependent diet. 

Tilman & Clark (2014)



Muller et al. (2017)

Reducing animal 
product 
consumption 
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



Other benefits of dietary change



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



Food, health, climate change…



How to incentivise dietary change



Taxes on food by GHG emissions?

Wirsenius et al. (2011)



Change in GHG emissions (in 
GtCO2e) by food commodity and 
region

Prices and GHG taxes (in 
US dollars per kg) by food 

commodity.

Percentage changes in 
prices and consumption 

by food commodity

Springmann et al. (2017)



Springmann et al., (2017)

Avoided deaths in thousands (a,c) and per million people (b,d) in a scenario that covers 
all food commodities. Risk factors (a,c) include increases in red meat consumption 
(MTC), decreases in fruit and vegetable consumption (FVC), increases in the 
prevalence of underweight (UND) and overweight (OVW) people, and increases in 
obesity (OBS)



Graphical representation of the mitigation framework

Poore & Nemececk (2018)



Conclusions (I)
• There are up to 2 orders of magnitude (100x) 

difference in the environmental impact of different 
foods

• The differences in environmental impact holds for a 
range of environmental indicators including: 
– greenhouse gas emissions, 
– land requirement, 
– water footprint, 
– atmospheric acidification, and 
– eutrophication of water

Smith (2014a)



Conclusions (II)
• Demand-side measures such as dietary change and 

food waste reduction are effective measures to 
reduce the environmental footprint of food

• Policy to incentivise change will be challenging, 
but might include taxes – though social justice and 
equity issues need to be considered

• There are a range of health co-benefits associated 
with dietary change

• Dietary change provides a multiple-win solution for 
climate change, food security, human health and 
environmental sustainability

Smith (2014)



Thank you for your attention
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