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Our Work

slab ocean
model

Gong et al. (2002,2003)



BCC_AGCM2.0.1 was developed by the National Climate 
Center of the China Meteorological Administration (NCC/CMA).

Dynamic core:  Eulerian dynamical core

Horizontal resolution:  T42 (approximating 2.8o × 2.8o)

Vertical direction:  hybrid sigma-pressure coordinate 
system, 26 layers, the top layer: 2.9 
hPa.

Radiation Scheme: 19 bands for SW, two-stream δ-
Eddington approximation. 

In this study, BCC_AGCM2.0.1 was coupled with a slab ocean 
model.

Model description





Canadian Aerosol Module (CAM)
CAM, a size-segregated multi-component aerosol algorithm, 
was developed by Gong et al. (2002; 2003). Five aerosol species 
were taken into account, including sulfate, BC, OC, soil dust, 
and sea salt. 

The flowchart of process splitting in CAM



The aerosol size spectrum was divided into 12 bins between 0.005~20.48
μm. The effective radius of the aerosols was taken as the average value in 
each bin. 

The source emissions of aerosol were derived primarily from AeroCom
data, including the surface emission rate of both natural and anthropogenic 
aerosols: BC and OC (Van der Werf et al. 2004; Bond et al. 2004), SO2 and 
sulfate (Van der Werf et al. 2004; Cofala et al. 2005), and dimethyl sulfide 
(DMS) (Kettle and Andreae [2000] for ocean data; Nightingale [2000] for air-
sea transfer). The sea salt module was developed by Gong et al. (2002), and 
the soil dust scheme was from Marticorena and Bergametti (1995). 
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Simulated aerosol concentrations and 

optical properties

The aerosol optical properties (extinction coefficient, single 
scattering albedo, and asymmetry parameter) were calculated 
using Mie scattering theory. 

The hygroscopic growth of soluble aerosol particles (sulfate, 
OC, and sea salt) was also taken into account.

All types of aerosol are externally mixed in the model to 
calculate the aerosol optical properties and radiative forcings.



The refractive index and densities of 
dry aerosols



The radius growth of the three 
species aerosol particles with RH



Sulfate BC

OC Dust

Sea-salt

Global distribution of simulated 
aerosol column burdens 

(mg m-2）



Global distribution of 
AEROCOM-MEDIAN

(mg m-2）
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Simulated sulfate concentrations versus observations for (a) IMPROVE 
sites, (b) EMEP sites. The dashed lines indicate 10:1 and 1:10 ratios.
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Simulated OC concentrations versus observations for (a) IMPROVE sites, 
(b) rural and remote sites, and (c) marine sites. The dashed lines indicate 

10:1 and 1:10 ratios.

OC concentrations was underestimated in 
rural and remote sites and marine sites. 



BC (ng/m3)

1

10

100

1000

10000

1 10 100 1000 10000
(a)  IMPROVE

M
od

el

BC (ng/m3)

1

10

100

1000

10000

100000

1 10 100 1000 10000 100000
(b)  Observation (Rural and remote)

M
od

el

BC (ng/m3)

1

10

100

1000

10000

1 10 100 1000 10000
(c)  Observation (Ocean)

M
od

el

Simulated BC concentrations versus observations for (a) IMPROVE sites, 
(b) rural and remote sites, and (c) marine sites. The dashed lines indicate 

10:1 and 1:10 ratios.

BC concentrations was underestimated 
as a whole. 



Summary of the global emission 
and burden of BC



Global annual mean distributions of simulated (a) total AOD, (b) 
single scattering albedo and (c) asymmetry parameter at 550 nm

（a） （b）

（c）



Comparisons of simulated total AOD (dashed line) with those measured (solid line) at 18 AERONET sites at 
550 nm. The error bar indicates the standard deviation of observed optical depth.



Comparisons of simulated total AOD (dashed line) with those measured (solid line) at 18 AERONET sites at 
550 nm. The error bar indicates the standard deviation of observed optical depth.



Comparison simulated AOD with 
CARSNET 



Scatterplots of the simulated (a) single scattering albedo and 
(b) asymmetry parameter vs AERONET at 52 sites at 550 

nm 

Mean difference: 4%                             Mean difference: 5%



Annual mean distributions of the simulated DRFs (W m-2) due to aerosols at 
the TOA under all-sky (left) and clear-sky (right) conditions

Direct radiative forcing (DRF) due to aerosols



Annual mean distributions of the simulated DRF (W m-2) due to aerosols at the 
TOA under all-sky (left) and clear-sky (right) conditions



Annual mean distributions of the simulated DRF (W m-2) due to aerosols at the 
TOA under all-sky (left) and clear-sky (right) conditions



Simulated annual hemispherical and global mean DRF due to different 
aerosol components at the TOA and surface under all-sky and clear-sky 

conditions (W m-2)

Notes: the values in parentheses represent the corresponding surface forcing. 
NH = Northern Hemisphere, SH = Southern Hemisphere



The effects of sulfate, BC and OC aerosols
on the East Asian summer monsoon



The results obtained in this work showed that 
the summer average DRFs due to Sufate, BC, 
and OC in East Asia (20o~40oN, 100o~140oE) at 
the TOA and surface were -1.4 W m-2 and -3.3 
W m-2, respectively, leading to decreases of the 
summer means of 0.58℃ surface temperature 
and 0.14 mm d-1 precipitation rate in this area, 
respectively.



The changes of JJA mean (a) surface temperature (℃) and (b) 
surface pressure (Pa) due to the sulfate, BC and OC aerosols. 
The shade indicates a confidence level of 90% from the T-test 

(a) (b)

The differences of land-sea surface temperature and surface pressure 
were reduced in East Asian monsoon region due to these aerosols.



The changes of JJA mean wind field at 850 hPa (vector) due to 
sulfate, BC and OC aerosols. The shade shows the differences of 
moisture flux divergence due to aerosols are negative integrated 

from 850 to 700 hPa

The enhanced northeasterly 
flow weakened the intensity 
of the southwest summer 
monsoon and suppressed the 
monsoon precipitation.
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