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Chinese soil acidification and emission trends

 Acidification in China is generally attributed to intensive coal combustion and 

high emissions of acid precursors.

 Parts of southern and southwestern China have the highest observed acidity of 

precipitation in the world, with continuously worsening conditions in recent years.

0.0

10.0

20.0

30.0

40.0

50.0

90 92 94 96 98 00 02 04 06 08

China: MEP official report

US:USEPA National Emissions Inventory

EU: EMEP Emission Data

China: Lu Z, et al.,Atmos.Chem.Phys.(2010)

Tg

Year
0.0

10.0

20.0

30.0

40.0

90 92 94 96 98 00 02 04 06 08

China: Zhang Q,et al.,J.Geo.Res.(2007)

US: USEPA National Emissions Inventory

EU:ENEP Emission Data

China: MEP official report

Year

Tg

Historical trends of SO2 (left) and NOx (right) emissions



Chinese emission control policies

National policy: energy saving and emission reduction 

- Shutting down small/inefficient units: 70GW during 2005-2010

- FGD (flue gas desulfurization) application after 2005;  SCR (selective catalyst reduction) application after 2010; 

- Application of stringent emission regulations for on-road vehicles and cement production
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Base cation: against acidification

 Base cations (BC: Ca2+, Mg2+, K+, Na+)

- Sources: PM emissions of industrial process e.g., cement and lime production

- Future trends: controlled due to huge effects on human health

 Multi-pollutant control strategy

- Research on acidification effect of S, N and PM control simultaneously
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Evaluating the acidification effects
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Methodology of emission inventory
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Projections in 2020:

- SO2/NOX: Current and upcoming policies

- NH3: No specific control;

- PM (and there by base cation):

Two scenarios: BASE and CONTROL



Changes of EF and AL for 2005-2020 



Emission estimate
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Atmospheric simulation

Modelling: 

Community Multiscale Air Quality (CMAQ) (V4.4) 

Multi-layer Eulerian model – base cations

Monitored data: 

IMPACTS: Larssen T, et al., Environ. Sci. Technol. (2006)

EANET: http://www.eanet.cc/product/datarep/
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Simulated depositions of S and N
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Simulated depositions of base cations
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The extended critical load function

 The deposition of pollutants below which harmful 

ecological effects do not occur.

 Steady-Status Mass Balance (SSMB)

BCD: base cation deposition

BCW: weathering rate of BC

BCU: vegetation uptake of BC

ANCL,crit: critical leaching of alkalinity

NI: N immobilization rate 

NU: vegetation uptake of N

fde: denitrification rate
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Chinese critical load maps (36×36 km)

CLmax(S)
CL (N): 

minimum of CLmax(N) and CLnut(N)



Exceedance of critical load
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Unwanted side effects of the control of primary PM and thus BCs, may wholly counteract 

the benefits to regional acidification of reduced emissions of acid precursors.

Higher curves indicate 

relatively lower acidification 

risks at the national level.



Conclusion remarks

 China’s current program of emission controls is unlikely to achieve its 

longstanding goal of reduced acidification.

 In accord with the simulation, long-term monitoring found correlation of an 

increasing trend of precipitation acidity with a decrease in concentrations of 

airborne PM at many sites across China, and that correlation cannot be 

explained by changes in natural sources.

 Ongoing PM control efforts must be continued because of the benefits of 

reduced aerosol pollution and avoided associated damages to public health. 

Policy-makers may have little choice but to pursue even more stringent SO2

and NOx controls in the future.
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Formation and harms of acidification

H+, NH4
+, SO4

2-, NO3
-

Ca, Mg, K, Na, Al

DEPOSITION

SOIL

exchange

Nutrient and base 

cation loss
Increasing active 

toxic Al3+

Leaching 

(water acidification)

NH3


