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Triple Challenges of Food, Environment & Climate

Widespread of agricultural land and N 
fertilizers

Note: Nr is all nitrogen compounds except N2, 
including gases (NH3, N2O, NO, NO2), inorganic ions 
(NH4

+, NO2
−, NO3 

− ) and organic compounds.

Demand for 

Lead to 

Increased food needs for the growing 
world population

Substantial release of reactive nitrogen 
(Nr) gas into the atmosphere



- Atmospheric NH3 emission of 

agricultural origins accounts for over 

80% for intensive agricultural areas in 

Asia. (Huang et al, 2012)

- Eastern China and India experience the 

greatest NH3 emission. 

- Fertilizer and livestock waste are the 

major sources, and emission peaks in 

summer time.

Agriculture is the largest source of NH3 emission.

Current NH3 emission 

Source contribution to 
monthly NH3 emission 

(Zhao et al., 2015)



Particulate matter (PM) pollution 

- NH3 reacts with HNO3 and H2SO4 in 
the atmosphere to form the 
(NH4)2SO4, NH4HSO4 and NH4NO3. 

NH3 emission worsens air quality.
NH3 emission NH3(g)/NH4

+

How does future NH3 emission affect O3 through vegetation feedback?

NH3 emission NH3(g)/NH4
+

N

deposition
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Dry 

deposition

O3 pollution 

Primary effect has already been well understood! But …



- The CESM is a fully-coupled, global climate model that provides state-of-the-art 

computer simulations of the Earth's past, present, and future climate states.

Atmosphere 

River

Land

Ocean, sea ice

Community Earth System Model (CESM)

- It is composed of separate models simultaneously simulating the Earth's 

atmosphere, ocean, land, land-ice, and sea-ice etc.

Model Version

CESM 1.2.2

CAM 4 

CLM4.5 

Component set FMOZ

Resolution 1.9° × 2.5°
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- Future crop production is projected by Food and Agriculture Organization 
(FAO) in response to population growth. 

- We project future NH3 emission to be 70.71 Tg N yr−1  by 2050 based on crop 
production increase.

Intensification of NH3 Emission into the Atmosphere
(present-day to future scenario)

Increase of crop prod. by 2050 (multiple) NH3 emission increase (Tg N/ year)



NH4
+ aerosol change SO4

2- aerosol change NO3
- aerosol change 

ug/m3

NH3 emission NH3(g)/NH4
+

agriculture, other sources

Primary effect of NH3 emission on PM pollution

Future minus present-day
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Step 1:

NH3 emission 

(current/future)
Step 2:

N Deposition

Step 3:

Vegetation structure 

• Leaf Area Index

• Canopy Height

Step 4: 

Air quality
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Present-day N deposition
(101 g N/m2/year)

Intensification of Nitrogen Deposition 

Overall, N deposition is enhanced due to future NH3 emission. Most of 
the increase in deposition is in NHx, while NOy deposition is decreased.

N deposition increase
(future minus present-day )



N deposition eliminates N limitations and 
enhances vegetation growth 

LAI change (m2/m2) Canopy height change (m)
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- The secondary effect on O3 quality can be noticeable. The magnitude of O3

changes can be comparable to climate change and land use change per se. 

- Vegetation can modulate ozone air quality via BVOC emissions, dry 

deposition and changes in boundary layer meteorology. 

Surface O3 change

The secondary effect on O3 quality can be noticeable. 

VOCs O3

Dry 

deposition



Summary

- NH3 emission seems destined to increase due to growing food 
demand, which has led to a rapid growth of N deposition.

- Additional input of N deposition enhances vegetation growth, and 
then affects O3 air quality via biogeochemical pathways. 

- The primary effect of NH3 emission on PM pollution is 
significant, while the secondary effect on O3 quality can be 
noticeable as well. 

THANKS!


