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Agriculture Causes Environmental Problems 

Agriculture production is driven by …
• Population rise 
• Shifts towards a meat-intensive diet
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Population ↑ 

Shifts from a plant-based to meat-intensive diet
from	the	1980s	to	the	2010s

NH3 emission causes …
• PM2.5

• Eutrophication in water bodies
• Soil acidification
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Dietary Change Causes Direct & Indirect Health Cost
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• [s4-s0] What’s the overall impact of increased food production in China? 

• [s1-s0] How much is driven by population rise if people keep the 1980s diet? 

• [s4-s1] How much is driven by dietary shifts towards a meat-intensive diet?

Scenarios 
Diet

Population
Crop for food Crop for feed Meat

s4 2010s 2010s 2010s 2010s
s3 1980s 2010s 2010s 2010s
s2 2010s 1980s 1980s 2010s
s1 1980s 1980s 1980s 2010s
s0 1980s 1980s 1980s 1980s

Research Questions & Methods

Effects from 
population rise 
are excluded!

Methods:
1. Diet: NBSC provincial data (1980-2014) + FAOSTAT (1960-2013)
2. NH3 emission: Zhang et al. (2018, ACP)
3. PM2.5: GEOS-Chem + 0.1x0.1 PM2.5 from Shaddick et al. (2018, EST)
4. Mortality: Burnett et al. (2018, PNAS)



NH3 emission from dietary change & population rise 

1. Dietary shift (4 Tg) causes ~70% increases in agricultural NH3 emission from 
the 1980s to the 2010s; while population rise (1.7 Tg) causes ~30%. 

2. Demand for meat (2.7 Tg) causes 3 times larger emission than demand for crop 
per capita (0.9 Tg).

+5.7 Tg NH3+1.7 Tg NH3
(~30%)

+4 Tg NH3
(~70%)

6.4 Tg NH3
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Increase in PM2.5 & over-nutrition coincide in space

1. Increases in annual PM2.5 due to dietary shifts alone can be up to ~20 ug m-3

around North China Plain, with the demand for meat being the major cause.

2. Increase in PM2.5 and over-nutrition coincide in space. People in eastern China 
may suffer both from obesity/diabetes directly due to dietary shifts, and from 
respiratory and cardiovascular diseases indirectly via air pollution. 

+ 20 ug m-3 



1. Of the 1.83 million Chinese premature deaths related to PM2.5 pollution in 2010, 
~9% were related to changes in eating habits from the 1980s to 2010s. 

2. Of the premature deaths induced by changing dietary, ~85% were from demand 
for meat, and ~18% were from demand for crops as food.

1.83 million +162,409
(9%)

+137,912 +29,991

Premature Mortality



• Direct effect. Changing diet contributes to a raising prevalence of overweight 

and obesity in eastern China.

• Indirect effect. Shifts in diet (especially the shifts towards a meat-intensive diet) 

can also worsen PM2.5 pollution, and further pose threats to human health via 

cardiovascular and respiratory diseases. 

• Eat healthier. People should be aware of both the direct and indirect health 

consequences before choosing what to eat.

Concluding Thoughts

Thank you!


