










comprehensively investigate these multiple impacts of NH3 emis-
sion reduction for further policy consideration in China. On the
basis of a sophisticated NH3 emission model, we indicate that
improving agricultural production management can readily re-
duce the total NH3 emission by as much as 50% across China.
This reduction, together with a 15% reduction in SO2 and NOx
emission, could accomplish a decrease of 11−17% in PM2.5
concentrations, far more than when applying only SO2 and NOx
control (3%). The dominant contributor is particulate nitrate,
the concentration of which can be reduced by 30−60%, ac-
counting for ∼70% of PM2.5 mitigation. As a result of NH3 emis-
sion reduction, the nitrogen deposition is estimated to decrease by
33%, with the area of critical load exceedance decreasing from 17%
to 9% of Chinese terrestrial land. However, as an important side
effect, there arises an overall enhancement in precipitation acidity
in China, with a decrease in pH values of as much as 1.0 unit and a
65% increase in heavy acid rain areas (pH < 5.0).
Our results emphasize the complexity embedded in NH3

emission control in China: improved air quality, reduced nitro-
gen deposition, but worsened acid rain. Further quantitative
assessments of the economic effects of NH3 emission reduction
demonstrate that the economic loss resulting from enhanced
acid rain would partly offset the benefit from PM2.5 mitigation
and alleviated nitrogen deposition. After considering the costs of
our abatement options, we propose regional-specific emission
control strategies in the near future: implementing NH3 emission
reduction by 20−30% in areas with scarce acid rain but heavy
fine particle pollution (e.g., northern China) while prioritizing
SO2 and NOx emission controls in areas of existing acid rain like
southern China. Such emission-control strategies will benefit air
quality improvement and ecosystem health across China.

Materials and Methods
To investigate the multiple impacts of potential reductions in NH3 emissions in
China on PM2.5 pollution, nitrogen deposition, and acid rain, we integrated
numerical model simulations with a comprehensive NH3 emission inventory
(i.e., PKU-NH3) as well as nationwide observations of precipitation acidity and
aerosol chemical constituents. We performed simulations by using WRF-Chem
(version 3.6.1) during summer (i.e., JJA) and winter (i.e., DJF) of 2015 to rep-
resent the pollution of acid rain, PM2.5, and nitrogen critical load exceedance.
The model domain and the geographic areas of interest are shown in SI Ap-
pendix, Fig. S2. Based on the PKU-NH3 model and a combination of feasible
emission abatement options, we designed a potential NH3 emission reduction
scenario and examined its influences on simulated PM2.5 concentrations, ni-
trogen deposition, and precipitation acidity. We then estimated the economic
effects of PM2.5 pollution, nitrogen deposition, and acid rain caused by the
NH3 emission reduction. The premature mortality attributable to long-term
exposure to PM2.5 was calculated following the methods of Liu et al. (30).
We quantitatively assessed the economic loss of reduced crop yields and for-
estry caused by enhanced precipitation acidification based on the experiments
of Feng et al. (32). The potential benefit from reduced nitrogen deposition in
those areas with critical load exceedance was estimated based on a unit
damage cost for acidification and eutrophication of ecosystems (33). Further-
more, to obtain a cost-effective NH3 control strategy, we estimated the cost of
NH3 abatement options applied in this study following the Greenhouse Gas—
Air Pollution Interactions and Synergies model (34). Details of the observation
datasets, evaluation of model performance, and economic assessment are
provided in the SI Appendix.
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