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Motivation
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Global aerosol-climate models are associated with large
biases in East Asia and China. Improving the emission
inventory is necessary.
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\ The emission inventory of aerosol and precursor gases

\‘ Default: IPCC AR5 emission dataset
| e based on 2000 emission, update every 10 years

e no seasonal variation

)¢
% Replacing with the new emission inventory
o i Multi-resolution Emission Inventory for China (MEIC)
AEL . S :
E/ i’ ( ) Tshinghua University, China
¥ g“ e technology-based, rapid techonology renewal, China’s
=3 He statistics

e gridded data available in 2008, 2010, 2012. National
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http://www.meicmodel.org

Model configuration
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MEIC emission in China and AR5 emission elsewhere.
Nudged winds towards ERA-Interim in 2009.
0.9°X1.25° x 30 layers.

3-mode Modal aerosol Model (MAM3): Sulfate, black

carbon (BC), Primary organics matter (POM),
Secondary organic aerosol (SOA).

Aerosol Direct Radiative Effect (ADRE): all-sky radiative
fluxes difference between with and without aerosol
scattering and absorption [Ghan, 2013].



Study area and observational sites
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AOD and SSA retrievals: AeroNet, MODIS (Terra collection 6 deep blue),
and MISR

Chemical observation of PM2.5 from literatures
Ground-based radiative effect observation: CSHNET and literatures



The MEIC is 12% to 47% higher than the AR5 dataset

MEIC AR5 MEIC - AR5 (MEIC-ARS)/ARS
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Seasonal variation of the emission inventories
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The emission accounts for 22%-28% of the modeled
AOD low biases in eastern China

(a) MEIC AOD (b) AR5 AOD
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AQOD is still underestimated by CAMS with MEIC.



MEIC reproduces the spatial pattern of AOD

(a) MEIC ACD (b) AR5 AOD
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Improved seasonal variation of AOD by MEIC

(a) MEIC AOD (b) AR5 AOD

4
(c) MODIS AOD

Sulfate aerosol
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«;I\/Iissing summer maximum of AOD due to precipitation bias

(a) MEIC AOD (b) AR5 AOD
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. Modeled dust transport that is not observed by satellites

(a) MEIC AOD (b) AR5 AOD
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AOD modeled with MEIC agrees better with
observations than the AR5 emissions

T Science

.,
v F

&)

74

’
4
if
# Beijing Normal Universify

-
v
L

SHT S RGR ST

College of Global Change and Earth Syste

it

X0
GCESS

AOD

AOD

AOD

AOD

Beijing(39°N, 116°E)

XiangHe(39°N, 116°E)

Xinglong(40°N, 117°E)

18 15 = 12
15 = 12 - 3 Lo =
12 09 3 ? Lj 05
09 o T ¢ ¥ 06 =
0.6 -
0.6 ] 0.4
03 o ] 0.3 = § 02 3
wirr—rT—T""7"1T—TT""T"1T"+1r T T Fr T T T TTrT T %9 T T T T T 17
Taihu(31°N, 120°E) Hong_Kong_PolyU(22°N, 114°E)
15 12
12 o 1.0 <
] t 3 E 4
4 O 0.5 =
09 1 % N g 05 % |
06 - < & 04 =
03 < 02 = o
T T 7 wly—TTTTTTTT T T T T T T
NCU_Taiwan(24°N, 121°E) EPA-NCU(24°N, 121°E) Chen-Kung_Univ(23°N, 120°E)
10 12 1.0
0.8 103 08
0.6 o8 E 0.6
4 i d. * °
o4 . & s x| 0ed * “q% . ¥
02 4 02 3 02
0 oo —y——r—av-—-r-—-r-—1r"-""7"1 0 &Yy —r—r-—"r""T7r"T"T1"17"1 OIrTTTTTTTTTT
Gwangju_GIST(35°N, 126°E) Osaka(34°N, 135°E) Shirahama(33°N, 135°E)
10 0.80 = 10
0.5 - 0.60 _: 0.8 =
0.6 * * ] 0.6 ° o
04y $ x 0 * )g * 04 = ¢ y °
02 4 020 = 02 4 &
- r T T M T T T T T T
1 2 3 4 5 6 7 8 9101112 23 4 5 6 7 8 91011 12 1 2 3 4 5 6 7 8 9 101112
Month Month Month
MEIC AR5 AERONET
K MODIS <> MISR




SSA modeled with MEIC and AR5 emissions compared
with AERONET
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The simulated surface concentrations of all species are

improved with MEIC
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Seasonal variations of both the emission and meteorology

\ play important roles

(a) MEIC BC burden [mg/m?®]

40N
CEE
&)

[
|| X5
T

iy g g E‘ (c) AR5 BC burden [mg/m?] .
= 5 —

5 1P

v T £§ 40N
s s
EX ¥
3 M3

30N

Y,

GCESS

2 4 6 8 10 12

0 08 16 24 32 4 0 02 04 06 08 1

Month Month



The impacts of emission on primary and secondary
aerosols are different

(a) BC Burden MEIC-ARS [mg/m? (b) BC emission MEIC-ARS [g C/m7year] (c) Sulfate Burden MEIC-ARS5[mg/m7 (d) SO, emission MEIC-ARS5 [g S/m%year
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MEIC estimate the averaged aerosol DRF at TOA, surface, and
atmosphere to be -0.50, -12.76, 12.26 Wm over eastern China
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About 12% to 47% difference of the anthropogenic

emission rates

About 30% difference of the total AOD of all species

éﬁ -

About 22% difference of ADRES at the surface and in

the atmosphere
About 63% of the ADRE at TOA

The impacts of the emission on AOD and ADRE are

significant.



impact of emissionor

significant than the meteorological effects
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'So does atmospheric warming due to BC

MEIC AR5

MEIC BC ADRE in ATMJJA W/m? AR5 BC ADRE in ATMJJA W/m?
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Modeled ADREs are improved with MEIC, but still
underestimated

TOA Surface Atmosphere
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Thisresearch highlightsthe critical importance of improving
aerosol and precursor emissions for the modeling of aerosolsand
aerosol effects in East Asia.

The new aerosol and precursor gases emission MEIC explains 22%
to 28% of the AOD low-biasesin eastern Chinaina GCM
compared to satellite observations.

The new emission inventory estimates the averaged aerosol direct
radiative forcing at TOA, surface, and atmosphereto be -0.50, -
12,76, and 12.26 W/m? over eastern China, which are enhanced by -
0.19, -2.42, and 2.23 W m2 compared with the AR5 emission.

Seasonal variation of MEIC emission determinesthe seasonal cycle
of the primary aerosols, but not the secondary aerosols.

In winter AR5 emission results in significantlylower cooling effect
at the surface and warming in the atmosphere due to reduced black
carbon emission than the MEIC emission.
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