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Effects of Asian Air Pollution



Effects of  Atmospheric Aerosols on Climate



Global-average Radiative Forcing Estimates and Ranges in 2005

by Inter-Government Panel on Climate Change (IPCC), 2007
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Atmospheric Chemistry: The “Vacuum Cleaner” Story
The Atmosphere is an oxidation medium 

Tropospheric Ozone Formation

An Example: SO2 Oxidation
• Photochemistry

O3 + hv  O(1D) + O2

O(1D) + H2O  2OH

• Gas-Phase Chemistry

SO2 + OH  OHSO2

OHSO2 + O2  SO3 + OH2

SO3 + H2O  H2SO4

• Heterogeneous Chemistry

H2SO4  Sulfate Aerosols  Removal by wet deposition or precipitation

NO2 NO

hv

O + O2  O3

RO2 or HO2
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W. Lei et al., Theoretical study of OH-O2-isoprene peroxy 

radicals, J. Phys. Chem., 105, 471 (2001)



D. Zhang et al., Hydroxyperoxy nitrites and nitrates from 

OH initiated reactions of isoprene, J. Am. Chem. Soc., 124, 9600 (2002)



Meteorological and Chemical

IC and BC

WRF-CHEM

Dynamics

Radiation

Microphysics Deposition Chemistry Emissions

•Advection

•Diffusion

•Convections

•Dry

•Washout
•Gas Phase

•Aerosol

Meteorological field

Chemical speices

Aerosols

J-values …

Chemical Transport Models

Photolysis







M. Kulmala, How Particles Nucleate and Grow

Science, 302, 1000 (2003)



Comparison of Molecular Complexes (Zhang et al., Science, 2004)

1.56

1.01

2.38

1.05

1

2

a
b

c
d

1.50

1.70

1.0 1.65

1.01.65

2.09

1.63

0.97

1.01

DM = 4.6 D

DM = 5.2 D
DM = 3.1 D

DM = 3.8 D



1.1 nm

A B

Quantum Chemical and Molecular Dynamic Calculations of 

Cis-pinonic-Sulfuric Acid Complex and Critical Nucleus 

1.4 nm



J. Fan et al., Contribution of Secondary Condensable Organics to New Particle Formation: 

A Case Study in Houston, Texas, Geophys. Res. Lett., 33, L15802, doi:10.1029/2006GL026295 (2006)



 

 

PM2.5 concentrations at 

8am (left) and 3pm (Right)

OC concentrations at 

8am (left) and 3pm (Right)

Sulfate concentrations at 

8am (left) and 3pm (Right)

(Fan et al., JGR, 2005)



■ Aerosol mass and composition

Fan et al., J. Geophys. Res., 110, D16203, 2005 

♪ Obv: Sulfate: ~ 30%

Organics: ~ 30%

♪ The predicted aerosol mass 

conc. are consistent with the 

obs.

♪ The overestimation of PM2.5

during night is because of 

much lower simulated PBL 

heights.
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Cloud Simulations using WRF with Two-moment Bulk 

Microphysics

 Weather Research and Forecasting (WRF) model

 Mass mixing ratios of water vapor, cloud droplets, raindrops, ice crystals, snow 
flakes and graupels and number concentrations of cloud droplets, raindrops, 
ice crystals, snow flakes and graupels. The size distributions of the five types of 
hydrometeors are represented by gamma functions;

 Third-two microphysical processes: autoconversion of cloud water to rain and 
graupel, ice to snow, and snow to graupel; freezing of cloud water and rain; 
melting of ice, snow and graupel; nucleation of CCN and ice; accretion of 
cloud water by rain, graupel and snow; accretion of ice by rain, graupel, and 
snow; accretion of rain by ice, snow, and graupel; accretion of snow by rain 
and graupel; self-accretion of ice, snow, and rain; condensation/evaporation of 
cloud water and rain; and sublimation of ice, snow and graupel;

• Three-moment aerosol representation. For CCN nucleation, the aerosol 
spectrum is divided into 92 sections from 0.002 mm to 2.5 mm and critical 
radius of dry aerosols is calculated from the Köhler theory.



Comparison with Measurements

The simulated maximal radar reflectivity is 60.2 dBz, close to the observed 57.8 

dBz;

The lifetime of the simulated cumulus is about 110 min, comparable to the 120-

min cell lifetime determined from the radar observations;

The averaged precipitation of 10.4 mm observed in the area where the deep 

convection occurs from 1800 to 2100 UTC agrees with the modeled value of 9.6 

mm.

35 min                           65 min                           95 min                        125 min



Comparison of Precipitation

Observed Precipitation Modeled Precipitation

Rainfall Rate Comparison



Li et al., Response of Precipitation and Cloud Coverage 

to Changes in Aerosols, JGR (2008)



Clean Polluted AR

Radar reflectivity (dBZ) and Equivalent potential temperature (K) at 925 
hPa



Min. surface pressure (hPa) & Max. surface wind speeds (m/s)
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