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Black carbon in the atmosphere

Definition by EPA: Black carbon (BC) is the most strongly light-absorbing component of particulate matter (PM), and is
formed by the incomplete combustion of fossil fuels, biofuels, and biomass.
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Biomass burning cases during Mt.Tal (1534 m) Campaign

Footprint calculated by FLEXPART model

High BC concentration (10~30 ug/m3)
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Long term observation (2006 - 2015) of BC mass concentration in East Asia
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BC Instrument 1: COSMOS
Inlet flow is heated to 300°C
Light absorbing method

. BC Instrument 2: MAAP
' Without heating,
Light absorbing method
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Significant decrease of BC concentration along the transport pathway
indicates that the long range transport ability of BC from Asian continent is

very limited!



BC concentration in Fukue island showed decreasing trend in the
past 7 years.
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How about the ability of different air quality models?



The Model InterComparison Study for Asia
MICS-Asia Phase | and Il

e To obtain common understanding of model performance
and uncertainties in Asia.

e MICS-Asia Phase | (1990-2000), long-range transport and
deposition of sulfur.

e MICS-Asia Phase Il (2001-2009), taking into account
more species than Phase I.

sulfur, nitrogen compounds, ozone and aerosols

Achievement of MICS-Asia |l were
published in AE in 2008



MICS-Asia Ill and HTAP

20 groups from China, Japan, USA, Korea and Countries In
South Asia added the MICS-Asia Ill, and had Joint with
HTAP for hemispheric study
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OBJECTIVES of MICS-Asia lll

€ To evaluate strengths and weaknesses of
current multi-scale air quality models and provide
techniques to reduce uncertainty in Asia

€ To develop a reliable anthropogenic emission
Inventories in Asia and understand uncertainty of
bottom-up emission inventories in Asia

€ To provide multi-model estimates of radiative
forcing and sensitivity analysis of short-lived
climate pollutants



Model Intercomparison

Air Pollution Complex in Asia: Regional Haze and High Ozone
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To understand and improve air quality models, we need to

o Assessing the ability of models to reproduce pollutant concentrations under
highly polluted conditions (Regional Haze and High Ozone);

e Quantifying uncertainties of each process (phys and chem), model resolutions
(hori and vert) and key boundary layer parameters.

o Investigating the air quality responses to specific emissions perturbations in a
common case.



Model domains
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Model domain (D2) for Southeast
Asia

D1 for Southeast Asia is exactly the
same as that for Northeast Asia.

Model domains (D1, D2, and D3)
for Northeast Asia



Prepared inputs for all the participated models

« Gridded emission
Anthropogenic emissions datasets:

Mosaic national emission inventories of China, Japan, Korea,
India , Thailand.

Other anthropogenic emission, such as aircraft and
shipping emissions

Natural emissions datasets:

Biomass burning, Biogenic, Volcano, Dust, Sea-salt, Soil Nox
and HONO, Lightning NOx

 Meteorological fields

Prepared the same meteorological model (WRF or other
models) to drive air quality models.



Multi-Model comparison of BC (Jan.2010)
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Multi-Model comparison of BC (Jul.2010)
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BC simulation in different regions
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o8 | \ \ | | 5.0

~*1_ IAP (North) e Xiamen s
L S i /\% Significant
=16 - 30 1AL
E 12 \ - 20 —5\\_—% - SeaSOHa|
I o ~ variation

0 - l l ' ' ‘ ‘ ' ' ‘ ' - 0.0 | T T T | | T | T | OccurS in

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec

Japan NCP

0.50 0.50 ' !
’E 0.40 Happ 0.40 Hedo - M1 M6
S 030 - 0 0.30 - d M2 = M7
.5 — M3 MB
8 020 0.20 ‘ ot
[0] p
g / - M4 — M9
8§ 0.10 - 0.10 \ I

P ~— - M5 = M10
0.00 I I T I I \F-i T I I 0.00 \ T T \ T \ T T \ T
Jan Feb Mar Aor Mav Jun Jul Aua Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Higher concentration distributes over China, especially in the
NQigher concentration appered in winter and lower in

T 1 1S 'SV 7\ W»



BC simulation in different regions
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Aerosol (soot) climate and
environmental effects depend on

000009

® Concentration Emission

® Composition Transport, deposition
®3Size - ® Microphysics

® Mixing state Chemical reaction




NAQPMS+APM
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NAQPMS+APM describes nucleation, condensation/evaporation,
coagulation and size-resolved deposition.



Introduction to APM

B Mixing state: semi-external

Primary particles + coating

«Secondary particles
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secondary particles and coagulation
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Beijing, L1 (70 m: 0-135 m), 200604 Particles representation
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Carbonaceous particles size bins

x 10

—
o0

HSize bins:
10nm-10pm, 28 bins

>
-
3

S
i
—
—

mCoagulation:

Jacobson (1994)

4_ ] =
HAgeing
2r |
. A RN R AR AR R | e-folding time: 1.2 day

dN/dlogDp/(# per pg)
o o
T
T

v'Coagulation can be considered:;

v Model can be constrained by observed BC size distribution.



Particles number size distribution in Beijing

Observed number size distribution dN/dlogDp(lOXcm )
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Evolution of microphysics parameters

Pollution
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Key parameters of BC in central-eastern China
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Microphysics parameters in central-eastern China

CNIO ; Secondary particles Growth factor of
nm (cm3) ion (%)

Annual mean Annual 11-1f(r:1§CtI O n /0 Annual me U.LBC ( - )

44N y 4y ]

o v 40000 95 42N 2.5
R 30000 90 22
dONT 20000 80 40N 2
U B 15000 70 18
SN A 10000 60 SOl 1.6
36N 4 ko 5 7000 50 95N [ 5
B B o= 5000 40 ) 14
NP L 3000 30 4N Py 1.3
T 2000 20 90N 1.2

T 1000 10 11
30N f'v 500 5 30N 1
28N 5 L ¢ 28N d
L04E 108E LIZE L1GE 120K 724K [04F 108E [1ZE 116E 120F 24K [04F 108E [12E 116E 120F 24K
] Condensational 3.
H,SO,(g) (107cm-3) _ . IMN (cm-3s1)

Annual mean Annual 11JSI1.m k (S- ) Annual mean

44N 44N 3
‘ 0.1 |

40N i oos N 15
38N 3 2 0.08 38N 1 12
ent Iy a5 0.05 k 1
ol N 0.04 BN 0.7
o ~ 0.0232 i 0.5
34N 1.5 0 0o 34N 0.2
12N (') ~ 0.0] 32N 1 861

o .

30N 01 0.001  5gy 0001

28N ’ SN - 0.0001

‘_U‘-'H*_ 1U|8E LIRE llltiE 120k 124K 104E 108E [LZ2E 116E 120E I124E 104E 108E 112E 116E 120E 124E



National Air Quality Operational Platform

+ Scheme of the national forecasting model system
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Regional forecast operation system
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Regional forecast operation system

B3 S02 IAQI NO2 IAQI PM10 IAQI CO  IAQI O03-1h IAQI 03-8h IAQI PM2.5 IAQI  AQl HESRY RS
20150911 13 - 13 19 0.252 - 79 - 75 17 1
20150912 9 - 13 12 0.224 - 87 - 83 10 1
20150913 15 - 25 23 0.335 - 73 - 68 19 1
20150914 46 - 49 101 0.785 - 77 - 67 88 PM2.5 3
20150915 68 59 56 166 0.983 - 91 - 81 149 PM2.5 4
20150916 63 57 58 178 0.971 - 101 - 92 160 PM2.5 5
20150917 52 51 37 155 0.849 - 92 - 83 140 PM2.5 4
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Regional forecast operation system
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Regional forecast operation system
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Thanks for your attention.



