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Model description

BCC AGCMZ2.0.1 was developed by the National Climate
Center of the China Meteorological Administration (NCC/CMA).

CODynamic core: Eulerian dynamical core
COHorizontal resolution: T42 (approximating 2.8° x 2.8°)

CIVertical direction: hybrid sigma-pressure coordinate
system, 26 layers, the top layer: 2.9

‘ -. hPa.

dlatlon Scheme: 19 bands for SW, two-stream 0-
e Eddington approximation.

, BCC_AGCM2.0.1 was coupled with a slab ocean
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Compared 1o CAM3, a few improvements have been
implemented in BOC_AGCMZ2.0.1. The dynamics in the
model differs significantly from the Eulenan spectral for-
mulation of the CAM3, and reference stratified atmosphenc
temperature and surface pressure were introduced into the
governing equations 1o wmprove calculation of the pressure
gradient force and the gradients of surface pressure and
temperature (Wu et al. 2008). The major modifications o
the model physics included a new convection scheme
(Zhang and Mu 2003), a dry adiabatic adjustment scheme in
which potential temperature is conserved (Yan [987), a
modified scheme o calculate sensible heat and moisture
fluxes over open ocean that considers the effect of ocean
waves on latent and sensible heat fluxes (Wuoa et al. 2000),
and an empirical equation o compute the snow cover
fraction (Wu and Wua 2004). The model provides overall
improvements 1© climate simulations in companson 1o
CAM3, especially for simulating the tropical maxima/dsub-
tropical minima of precipitation, wind swess, and sensible
and latent heat fluxes at the ocean surface (Wua et al, 20007,
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Canadian Aerosol Module (CAM)

O CAM, a size-segregated multi-component aerosol algorithm,
was developed by Gong et al. (2002; 2003). Five aeroso spéCies
were taken into account, including sulfate, BC, OC, soil dust,
and sea salt.
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O The aerosol size spectrum was divided into 12 bins between 0.005~20.48
um. The effective radius of the aerosols was taken as the average value In
each bin.

1 2 3 4 5 6 7 8 9 10 14 12

0.005 | 0.01~ | 0.02~ |0.04~ |0.08~ |0.16~ |0.32~ |0.64~ |1.28~ |256~ |5.12~ |10.24~
~0.01 | 002 |goa |008 |[016 |032 |064 |128 |[256 |[512 |10.24 |20.48

O 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
(,§qu e (Van der Werf et al. 2004; Cofala et al. 2005), and dimethyl sulfide
S) (Kettle and Andreae [2000] for ocean data; Nightingale [2000] for air-
«tKan\sﬂér) The sea salt module was developed by Gong et al. (2002), and
the sohl st scheme was from Marticorena and Bergametti (1995).
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Simulated aerosol concentrations and
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optical properties

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

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

OA ;es of aerosol are externally mixed in the model to
calculat aerosol optical properties and radiative forcings.
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Table I The refractive index and densities of dry asrosols

Component  Refmctive index (4 = 0.55 pm)  Density (kg m™ ")
Sulfate 1.43-1.0 = 107" 1,769.0
B LTA044 1,500
O LAA000059 ¢ 1, 300.0
- Dust L.33-0.008 i 2,650.0
Sea salt 1.5-9.7 = 1077 2, 170.0




The radius growth of the three
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Model Emission (Tg }Ienr'j} Burden (Tg) References

Our stody 1.7 0.07 Dentener et al. (2004
GISS 12.41 14 Koch (2001)
MIRAGE 14.0 0.22 Easter et al. (2004)
LMDZT 1.5 .19 Reddy et al. (2005)
GOCART 13.7 0.27 AEROCOM

PMNIL 1.4 0.19 AEROCOM

IPCC-TAR 12.3 Dentener et al. (2004)
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(a) Beijing(116.3E.40.0N) (b) Gosan(126.2E,33.3N) (c) Osaka(135.6E.34.7N)
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Direct radiative forcing (DRF) due to aerosols

(a) Sultate
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aerosol components at the TOA and surface under all-sky and clear-sky
conditions (W m-2)

A,
All sky Clear sky
NH SH Global NH SH Global

Sulfate -0.28(-0.3)  -0.1(-0.11)  -0.19(-0.21) -0.68(-0.71) -0.26(-0.27)  -0.47(-0.49)

BC +0.12(-0.24) +0.06(-0.15)  +0.1(-0.19) +0.09(-0.32) +0.03(-0.18)  +0.06(-0.25)

ocC -0.16(-0.27)  -0.13(-0.21)  -0.15(-0.24) -0.39(-0.52) -0.27(-0.36) -0.33(-0.44)

Dust -1.7(-3.8) -0.13(-0.21)  -0.9(-1.98) -2.6(-4.8) -0.2(-0.29) -1.42(-2.55)

Sea salt -0.61(-0.71)  -1.0(-1.2) -0.83(-0.94) -1.1(-1.3) -2.0(-2.2) -1.54(-1.72)
\ Anthropogenic aerosols -0.23(-0.59) -0.73(-1.13)

All aerosols -2.03(-3.63) -3.84(-5.61)

Notes: the values in parentheses represent the corresponding surface forcing.
NH = Northern Hemisphere, SH = Southern Hemisphere
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The effects of sulfate, BC and OC aerosols
on the East Asian summer monsoon
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OThe results obtained in this work showed that
the summer average DRFs due to Sufate, BC,
and OC In East Asia (20°~40°N, 100°~140°E) at
the TOA and surface were -1.4 W m~ and -3.3
W m2, respectively, leading to decreases of the
- summer means of 0.58°C surface temperature
f"”sfr‘fa 0.14 mm d* precipitation rate in this area,
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The differences of land-sea surface temperature and surface pressure

.;_::h
were reduced in East Asian monsoon region due to these aerosols. '
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