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Global greenhouse gas emissions from 
agriculture and food and the potential for 

mitigation



IPCC (2014)

• Agriculture, forestry and 
other land use is responsible 
for about a quarter of global 
greenhouse gas emissions. 

• The food system (including 
transport, refrigeration, 
packaging, retail etc.) is 
responsible for about a third 
of global greenhouse gas 
emissions



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



Greenhouse gas emissions from agriculture and forestry

Smith et al. (2014) – IPCC WGIII AR5

We can reduce emissions by 
improving the way we farm 
(supply side mitigation), and 
by changing what we eat 
and how much we waste 
(demand side mitigation). 
We need to do both – read 
on...



Emissions intensity of AFOLU products is falling as agriculture and forestry become more efficient

• Note that ruminant meat has a GHG intensity much higher than other agricultural products
• But also note that these are direct emissions only. If we include the emissions from the human-edible feed for 

mono-gastric animal products, they move closer to ruminant meat 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



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



A more detailed look at olive production





Nieto et al. (2010)

• Two soil types: chromic calcisols
(CLcr) and calcic vertisols (VRcc)

• Conventional tillage (T)
• With and without mulching with 

shredded olive-pruning debris and 
residues from olive-fruit cleaning 
(PD + CR)

• RothC model to simulate SOC 
change

• Soil carbon sequestration rates of 
0.5 and 0.6 t C⁄ ha ⁄ yr for chromic 
calcisols and calcic vertisols, 
respectively from mulching





• Ten olive oil orchards under plant 
cover management (PC), together 
with five comparable bare soil 
olive oil orchards (NPC)

• SOC concentration in PC orchards 
was, on average, 2.8 (0–5 cm soil) 
and 2.0 (5–15 cm) times higher 
than in bare soils of NPC

Vicente-Vicente et al. (2017)

0–5 cm

5–15 cm





Vicente-Vicente et al. (2016)

• Meta-analysis of 144 data pairs
• Practices: organic amendments 

(OA), plant cover (CC) and a 
combination of the two (CMP)

• The highest soil C sequestration 
rate (5.3 t C ha-1 yr-1) was 
observed following the 
application OA in olive orchards 
(especially after olive mill 
pomace application), whereas 
CC management achieved the 
lowest C sequestration rates (1.1 
t C ha-1 yr-1, for olive orchards) 





Ledo et al. (2020)

20 years after changing from annual to perennial crops, there was an average 
increase of 20% in SOC at 0–30 cm (6.0 ± 4.6 t C ha-1 gain) and in total a 10% 
increase over the 0–100 cm soil profile (5.7 ± 10.9 t C ha-1)





Ledo et al. (2018)





• Bibliometric assessment of 
797 research publications 
from Mediterranean regions

• Olives are responsible for a 
lot of emissions and sinks in 
Mediterranean regions – only 
grasslands, ruminants and 
cereals have more

• Olives are quite well studied 
– only cereals and vegetables 
have received more attention

• Research mainly on N2O 
emissions and soil organic 
carbon change

Aguilera et al. (2021)



Conclusions

• The main GHG emissions from olive production come from: 
• N2O emissions for N fertilization

• CO2 from loss of soil organic matter and soil erosion 

• Potential for GHG mitigation in olive production through:
• Reducing mineral N fertilizer rates or shifting to organic fertilizers

• Using nitrification inhibitors or urease inhibitors

• Increasing soil C stocks through:
• Reducing tillage intensity

• Using cover crops to cover the ground

• Using mulches to cover the ground

• Adding organic amendments

• Olive production is quite sustainable, but through the above 
improved management practices, could be made even more so
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