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• Global NH3 emissions increased over 50% in the last 70 years.
• Agriculture is identified as the main source of NH3 (livestock 66%; 33% N-fertilizer). 
• Agriculture contribution to PM2.5:

• > 20% of annual PM2.5 in 99 out of 150 EU cities (Thunis et al. 2018)
•  up to 14% and 16% in summer and winter, respectively, to monthly PM2.5 (16 EU cities). 

Highest in Central and Eastern EU (Karamchandani et al. 2017)
• Agriculture is responsible for the largest impact on mortality linked to air pollution in 2010 

(Lelieveld et al, 2015; Bauer et al. 2016)
• Secondary inorganic aerosols (i.e.: NH4+,NO3-, SO42-) accounted for ~ 50% of PM2.5 mass in 

EU.
• PM2.5 is sensitive to a decrease in NH3, SOx and NOx emissions (Bauer et al. 2016). 

• Decreasing NOx was found to mitigate PM2.5 in EU.
• Decreasing NH3 is effective for PM2.5 mitigation in winter. 
• Decreasing SO2 is more effective for PM2.5 mitigation in summer.

EU directive 2016/2284/EU: EU countries committed to decrease NH3 emissions 
by 2020 – 2029 (relative to 2005 values).  A mean decrease of 6% is expected for 
EU. Spain: NH3/PM2.5-> 3/15 %; Denmark: NH3/PM2.5-> 24/33 % by 2029). 

Agriculture facts



Global mortality associated with 
agricultural emissions in 2010 

Figure 2 | Source categories responsible for the largest 
impact on mortality linked to outdoor air pollution in 
2010. IND, industry; TRA, land traffic; RCO, residential 
and commercial energy use(e.g:, heating, cooking); BB, 
biomass burning; PG, power generation; AGR, 
agriculture; and NAT, natural. In the white areas, annual 
mean PM2.5 is below the concentration–response 
threshold".

Figure 1 | Mortality linked to outdoor air 
pollution in 2010. In the white areas, annual 
mean PM2.5 and O3 are below the 
concentration–response thresholds where no 
excess mortality is expected.

Source: Lelieveld et al., 2015 
(Nature) 

Agriculture is the sector that most 
impact air pollution related 
mortality in EU



Impacts of agriculture on PM2.5 - current 
and future

Source: Bauer et al., 2016



Non-linearities in agricultural emissions, PM2.5 and 
health effects:  the export case study

NH3 emissions associated with food exports in US.

Impacts of NH3 emissions from food 
exports on annual mean PM2.5.

Health costs due to increased 
exposure to PM2.5 caused by 
NH3 emissions from food 
exports. 

Eliminating food export-NH3 
emissions would have greater 
health benefits than reduction 
of NAAQS for PM2.5 from 15 to 
12 µg/m3 (Paulot et al., 2016). 

Sources: Paulot et al 2016; Ginnakis et al. 2019



Agricultural emissions: increasing concern on the impacts on air 
quality, health and costs 

Giannakis et al. 2019:  
- A 20% increase in agriculture output demand (eg.: 
increase in population) increases PM2.5 mortality in 
EU by 24%. 
- Most affected countries: Cyprus (49.5%), Spain (50.3%), 
Greece (56.5%), Malta (89.1%). 

Ginnadaki et al. 2018: 
- A 50% reduction of global annual agriculture 
emissions = decrease in 200 thousand PM2.5 
related mortality worldwide = economy of billions 
of dollars.  
- EU -> 18% decrease in mortality = economy of 89 
billion dóllars.



Production and Consumption Matrices of mortality

Production Consumption

Source: Zhang et al. 2017



Production and Consumption Matrices of mortality
 in Eu countries caused by agricultural consumption 

intra-EU
How will our study differ from Zhang et al. 2017?

Parameter Zhang et al. 2017 Our study

SA method Brute force Tagging

Scale Global Regional (EU)

Source sector All Agriculture 

Emission 
resolution Coarse (global) Fine (regional)

Costs Not estimated Estimated (?)



Design of the SA 
study



Study: Agriculture Consumption/Production in EU

Gap of knowledge: 
1. Health impacts of transboundary pollution from agricultural production (Production matrix).

2. Health impacts of agricultural production related to consumption (Consumption matrix)
• How is agricultural consumption in EU countries affecting PM2.5 related premature 

mortality in neighbor EU countries?
• How much of the hypothetical 50.3% increase in mortality in Spain would have been 

caused by Spanish food exports? 

Giannakis et al. 2019:  
- A 20% increase in agriculture output demand increases by 24% 
PM2.5 mortality in EU. 
- Most affected countries: Cyprus (49.5%), Spain (50.3%), Greece 
(56.5%), Malta (89.1%). 

What information do we need for each EU country?
• Total production of an agricultural sector (pigmeat, cereal, bovinemeat (?)...)
• Total exports (Intra EU + Extra EU)
• Quantity exported from one country to each EU country (Intra EU exports)
• Emissions generated by the chosen agriculture sector



Data collection: EUROSTAT Database
- Several agricultural sectors available (Comext); 
- Import/export data for both intra and extra EU; 
- Available for all EU countries; 
- Resolution: monthly (1999 – 2018) 



Intra EU exports of Spanish pig's meat

Main intra EU consumers of Spanish pig's meat in 2015 were 
France, Italy and Portugal. 

What fraction of PM2.5 emissions in Spain can be attributed to the 
consumption of these countries 3 countries?
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Calculations

Total production 
of Country 1 (C1)

Intra-EU exports

Extra-EU exports

Local consumption in C1

Local consumption C1= Total production – total exports 

Total exports = Intra-EU exports + Extra-EU exports

SR export factor of C1 = exported quantity by EU country / 
total production

Emissions attributed to consumption of partner country = 
Total agriculture emission of sector x SR export factor

Calculation of health impacts and costs

Final output: SR matrix on impacts of agriculture exports on 
premature mortality 

a) Transboundary b) Consumption



THANK YOU!THANK YOU!

www.bsc.eswww.bsc.es
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