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Table 1 A summary of emission factors

Hei s PR AHICHEL R 7 ASCHER R T
JrH 0.321 0.043"
AUy 0.003"" 0.0004"
VaRIIIEN 0.00012~0.117" 0.00012~0.117
T/ (g-kg™) S 0.00012"" 0.00012
FEI 0.03136" 0.03136
RTINS 3.8%4 g1 3.8
IRy 0.97" 0.97
gk E&% 0.32 0.016“"
RIS 0.003"% 0.00015"
(Y (g k) EJ@% 0.32 0.043"
T4 0.00319 0.0004"
PSR 3.05",3.71,2.750", 3.81" 3.05
SR T AR 0.007"¥,0.12°,0.028"" ,0.007¥ 0.007
e . TR 0.09"" 0.09
JERETR IR AR (5 ke ) T TEAR A 0.004" 0.004
VERIIIES 0.068~0.12""" 0.07,0.12,0.25,0.068
KRR 0.000121 0.00012
- i & 0.67", 0.43%, 1.38%" 0.74°
ot A TR MR k) %ﬁ; - o
HA 0.00011 0.0001
INEREFT 0.521",0.49>" 0.50°
IKAEREFT 0.521',0.43%2 0.479
FRFEFE 0.78"%,0.352 0.52"
GFERT 0.69% 0.69
TR (g ke ™) AT 0.69 0.69
HRAEFE AT 0.821 0.82
HAFEFF 0.69 0.69
PRtk g 0.562%,0.99" 0.99
KK 0.48% 0.48
peibaw]l s Euro IV: 0.0208 0.0208
KAV A 7 Euro 1V: 0.0568 0.0568
SN 2 Euro IV: 0.0058 0.0058
ANAE Sl Euro IV: 0.0454 0.0454
R/ (g-kg™) EARIM T R Euro IV: 0.0208 0.0208
i Bl Euro TV: 0.0568 0.0568
HAbyam e Euro IV: 0.0116 0.0116
HAeb eyt Euro IV: 0.0982 0.0982
EEFEZE Euro 1V: 0.0010,0.0005 0.0007"
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Table 2 Black carbon emissions from China’s provinces in 2010

HER/(10%)

wl o KE R EBR L
T e g e o8 &

bt 0.066  0.026  0.933 0.014  0.639  1.678
KRHEE 0465  0.048 0335 0.019 0315 1.183

wde 10317 0.076  4.729 0.381 1.261 16.764
vg  14.295 0.055  2.306 0.155  0.538 17.349
NSEh 4840 0.127  4.643 0.232 0437 10.279

T 3736 0123 2854  0.188  0.708  7.609
A 1.019  0.080 1728 0300 0343 3.470
WAL 1947 0.092 3379 0442 0454 6314
FWF 1217 0019 0.125 0017 0301  1.680
T 3.691 0150 2475 0529  1.182  8.027
WL 0.698  0.109 0418  0.128  1.178  2.531
O 1.684  0.027 3478 0584 0557 6329
EE 0489  0.018 1491 0.106  0.481  2.586
JIPE 1388  0.006 1.708  0.107 0360  3.569
IR 7568 0.183 3247 0534 1.622 13.155
WRE 4272 0064 5960 0612 0977 11.885
Wt 1.852 0.024 3757 0.166 0507  6.307
MR 1320 0.017 2760 0540 0518  5.155
S 0.689  0.047 4417 0235 1.659  7.048
78 0.885  0.026 6.054 0254 0402  7.620
WRE 0.047  0.001 0289  0.032  0.094 0.463
EPH 0715 0012 2330 0073 0270  3.400
il 2486  0.010  6.097 0224 0795 9.612
M 1494 0.007  5.675  0.080 0287  7.543
=/ 3.115 0.007 2787  0.140  0.586  6.635
FE#  0.000 0.000 0.049  0.010 0.050 0.108
BEPE 5489  0.024 2374 0.139 0454  8.480
i 0666 0024 2320  0.127 0244  3.381
ik 0415 0.001 0408  0.016 0.088 0.928
THE 1149 0022 0307  0.039 0.129 1.647
WiEE o 2.899  0.059 2364 0244 0374 5.940

A1 80.914 1.486 81.800  6.667 17.809 188.676
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Fig. 4 Contributions of various types of residents to black carbon emissions
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Fig. 5 Contribution of various transportation sources to black carbon emissions
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Table 3 Comparison of black carbon emission inventory comparison
L _ ey — :

Tl DGR S BRAR A=W kb i} &it

AL 2012 80.91 1.49 81.8 6.67 17.81 188.68
Qin 2" 2009 73.46 1.13 77.74 11.66 24.12 188.10
[iER 2008 69.5 1.16 63.6 6.77 19.46 160.49
Lu 5™ 2008 51.0 1.9 88.8 11.0 259 178.7
[ A 2007 52.9 1.3 65.1 10.4 10.3 139.9
Wang 25" 2007 64.6 5.07 98.8 7.77 18.8 195.7
Zhang F5™ 2006 57.5 3.6 100.2 — 19.8 181.1
Streets 55 2000 8.89 0.68 78.07 11.24 5.98 104.86
Ohara 25" 2000 9.9 1.8 93.8 — 3.8 109.3

TR, TGS A LA SO I . T R 15 T 2 Y HE
JHEC AR5 0 T R A 1) HE e R A 22 AR A, 3 L A 2
B e R N A TR 43 25 G o ok A P e 4 i
FAGIA T T DR e 6 S 1y A8, AR SR FH - Al 2
JEFCJRE R R IS F18 SIS i, X6 AR R P 4 P EE A T T AR
B AL T HERC R 225 . AT S A A T AR D
TCIRHRERR DX 43, X TSR P b A5 RN HE ke R B Ak 138
K, FH I FE B AR 0 T 2% ) HE RS R A o 2838 TR
TR A BB R HETBOE B 5RAH AE L Qin AECAH AR SC
THE R HERICE B, 3k BLAY 22 #E 320k A L3 EHEik
FRUERIANTE] . v EALS ZEHEOPR E A 1999 4F A W BT
B, 2008 FFLL T T AFPERUEAS B, 2010 4 L5 4
SR AL BN ZEHE G R BRIV A5 i, HE ik R 48 2w
A A SO S5 AR A

4 Zig

BTGt 2E kA T ER kA 5 2012 47 Ba ik
S TEHE IO B, 2012 4 rp [ R Bty B HE O B oA
188.676x10" t, HrfrJm R A= 1& VR HE A & 81.800%10° t,
7 BB HE RS Y 43.3% , 7 JE B . b AE A 7= Al
L PP HERC AR 80.914%10° t, 1 4= EHE 1Y 42.9% ,
Y E RN A TR TR HE R 7 A Y 86.2% , 2
Wt B HEBOIR . 2838 32 FrHEFN A= 9 Bk e i 4y
Sk 17.809%10° t F1 6.667x10" t, 4351 /5 4 F 114 9.49% Fil
3.5% JKHFEEEA T HERCRE 5/ AN 7 HEBE 1Y
0.8% . MABIRISTUE | Bk 3 2ok IR I o A A Pk
BHRBE, 7350 5 549% 1 31.6% ., BRI A s 18] 40 A
A5, BARE VIR, 5 X T & g AR
N8 B —50 NN IX A, P62 7 4 [ 2 AR HE

Jilc Hr A R AT, T R TR P SR AR A B i
T, 3% 5SAE B TTER T A2 37% 00 HE R . LT )
FEHEE AR A Tk, 5 2B HE ) 82.4% . LLIPH AR
IRKRAE IEEEAT Kk |, e i R o (3 8 3
() SRR o TG AR M HEROIR TRtk A T
A3 3 A HERCER Y 61.5%H1 57.5% , [a] i J B3 2%
o —E Ll . TR A AR N 8 A, R AR TR
TR SRR HE L 5 A0 50% , P9 5 U] ER T U AN A 1
P LR BTk, 3 sTmk L5  45% A A . TR
TR, P E T Tl PR R TG IR A B i AR £
AR AT DS PR P HE IO, 5 L TR, R
B O SRR HE A A F S B X AR AR TR X A 22 5
UNEE S SE s GUE T E iy

%% 30 ik (References)

[1] Ohara T, Akimoto H, Kurokawa J, et al. An Asian emission in-
ventory of anthropogenic emission sources for period 1980—
2020[J]. Atmospheric Chemistry and Physics, 2007, 7(3): 4419-
4444,

[2] Junker C, Liousse C. A global emission inventory of carbon
aceous aerosol from historicrecords of fossil fue land biofuel
consumption for the period 1860—1997[]]. Atmospheric Chem-
istry and Physics, 2008, 8(3): 1195.

[3] David G. Streets S G. Black carbon emissions in China[J]. At-
mospheric Environment, 2001, 35(25): 4281-4296.

[4] B E R, gL, EGR . o E R R S I HEROE S ).
SAEAEALBFFTHERE, 2006, 2(6): 259-264.

Cao Guoliang, Zhang Xiaoye, Wang Yaqiang, Inventory of black
carbon emission from China[J]. Advances in Climate Change
Research, 2006, 2(6): 259-264.

(5] 5K A, FAR, WHERAR . w I BRI U TR e e B s ) o3 A



—t

R S482018,36(2)

www.kjdb.org 45

[J]. BlFsm i, 2013, 58(19): 1855-1864.

Zhang Nan, Qin Yue, Xie Shaodong. Spatial distribution of
black carbon emissions in China[J]. China Science Bulletin,
2013, 58(19): 1855-1864.

[6] Qin Y, Xie S D. Spatial and temporal variation of anthropogen-
ic black carbon emissions in China for the period 1980—2009
[J]. Atmospheric Chemistry and Physics, 2012, 12: 4825-4841.

[7] Wang R, Tao S, Wang W T, et al. Black carbon emissions in
China from 1949 to 2050[J]. Environmental Science and Tech-
nology, 2012, 46: 7595-7603.

[8] M4 AR, RATF:, HOBIE. N COPERT I AL 55 b [ HLZ)
TEHERUA T, FBERR, 2006, 27(3): 415-419.

Xie Shaodong, Song Xiangyu, Shen Xinhua. Calculating vehicu-
lar emission factors with coper (III) mode in China[J]. Environ-
mental Science, 2006, 27(3): 415-419.

[9] Qin Y, Xie S D. Estimation of county=level black carbon emis-
sions and its spatial distribution in China in 2000[J]. Atmo-
spheric Environment, 2011, 45(39): 6995-7004.

[10] Streets D G, Gupt S, Waldhoff S T, et al. Black carbon emis-
sions in China[J]. Atmospheric Environment, 2001, 35: 4281~
4296.

[11] EA5 1, sk T ERSFFEE K AR TS P HEO 23 53
] T ERHE IS SCEL, 2008, 3(5): 329-333.

Wang Shuxiao, Zhang Chuying. Spatial and temporal distribu-
tion of air pollutant emissions from open burning of crop resi-
dues in ChinalJ]. Science Paper Online, 2008, 3(5): 329-333.

[12] BlidA, FL0 7, sk, 5. 2007 45 v Kk bl b X 2E 0 AR e
Helcrs Y i 2], o E RN, 2011(2): 186-194.

Lu Bing, Kong Shaofei, Han Bin, et al. 2007 list of contami-
nated emissions from biomass combustion in Mainland China

[J]. China Environmental Science, 2011(2): 186—194.

(13) FRABIZE, Zmete, SO F, 55 . B RATIRAE I PR HE I %

FEHIBHE]. v R R EE), 2009, 39(11): 1554-1559.
Chen Yingjun, Jiang Xiaohua, Zhi Guorui, et al. Black carbon
emissions from residential coal combustion and reduction
strategy[J]. Scientia Sinica Terrae, 2009, 39(11): 1554-1559.

[14] B R 5K/ R, S5 v DR T RS 15 R A8 Re ik

RG] BRI, 2007, 52(15): 1826-1831.
Cao Guoliang, Zhang Xiaoye, Wang Yagiang, et al. Experi-
mental investigation on emission factors of particulate matter
and gaseous pollutants from cropresidues burning[J]. Chinese
Science Bulletin, 2007, 52(15): 1826-1831.

[15] Bond T C, Streets D G, Yarber K F, et al. A technology—
based global inventory of black and organic carbon emissions
from combustion[J]. Journal of Geophysical Research, 2004,
109. doi: 10.1029/2003JD003697.

[16] Z%a, WA . A R HE b 1B 3l 42 HE A 1 B B 2
(1] AL (A AR R), 2010(3): 319-326.

Cai Hao, Xie Shaodong. Determination of emission factors
from motor vehicles under different emission standards in Chi-
na[J]. Acta Scientiarum Naturalium Universitatis Pekinensis,
2010(3): 319-326.

[17] Zhang Y X, Schauer J J, Zhang Y H, et al. Characteristics of
particulate carbon emissions from real— world Chinese coal
combustion[]]. Environmental Science and Technology, 2008,
42(14): 5068-5073.

[18] Zhi G R, Chen Y G, Feng Y L, et al. Emission characteristics
of carbonaceous particles from various residential coal-stoves
in China[J]. Environmental Science and Technology, 2008, 42
(9): 3310-3315.

[19] Cao G L, Zhang X Y, Gong S L, et al. Investigation on emis-
sion factors of particulate matter and gaseous pollutants from
crop residueburning[J]. Journal of Environmental Science—Chi-
na, 2008, 20: 50-55.

[20] Li X H, Wang S X, Duan L, et al. Carbonaceous aerosol emis-
sions from household biofuel combustion in ChinalJ]. Environ-
mental Science and Technology,2009, 43(15): 6076-6081.

[21] Shen G F, Yang Y F, Wang W, et al. Emission factors of par-
ticulate matter and elemental carbon for crop residues and
coals bu rned intypical household stoves in China[J]. Environ-
mental science and technology, 2010, 44(18): 7157-7162.

[22] Zhang Y S, Shao M, Lin Y, et al. Emission inventory of carbo-
naceous pollutants from biomass burning in the Pearl River
Delta Region,ChinalJ]. Atmospheric Environment, 2013, 76,
doi:10.1016/j.atmosenv.2012.05.055.

[23] Andreae M O, Merlet P. Emission of trace gases and aerosols
from biomass burning[J]. Glob Biogeochem Cycle, 2001, 15
(4): 955-966.

[24] e N RIEFIE 2500 R . b EAEIRGETHE 4], JEat:
E SR, 2013.

National Bureau of Statistics of China. China energy statisti-
cal yearbook|M]. Beijing: China Statistics Press, 2013.

[25] XUTR, ARAEC. bt e B A R HE O S S S )], 7
SFIEAR, 2007, 52(4): 470-476.

Liu Yuan, Shao Min. Estimation and prediction of carbon
black aerosol emissions in Beijing[J]. Chinese Science Bulle-
tin, 2007, 52(4): 470-476.

[26] A N R ILFE E R G R . R ST AR 4 M. L
hEZE R, 2013.

National Bureau of Statistics of the People’s Republic of Chi-
na. China rural statistical yearbook[M]. Beijing: China Statis-
tics Press, 2013.

[27] Hao W M, Liu M H. Spatial and temporal distribution of tropi-
cal biomass burning[J]. Global Biogeochemical Cycles, 1994,
8(4): 495-503.

[28] Streets D G, Yarber K F, Woo J H, et al. Biomass burning in



—t

46 www.kjdb.org R 548 2018,36(2)

Asia:annual and seasonal estimates and atmospheric Emis- [31] A N REFTE E RS R . RO A% M. Jb et E

sions[J]. Global Biogeochemical Cycles, 2003, 17(4): 1099- Al i fgt, 2013.

1119. Editorial Committee of China Agricultural Yearbook. China
[29] B K, 5k/ANEL, T, &5 RSP EE A BRI TSP 4575 42 Yearbook of Agricultural Sciences[M]. Beijing: China Agricul-

P L) A IREERLE 4R, 2005, 24(4): 800-804. tural Press, 2013.

Gao Guoliang, Zhang Xiaoye, Wang Dan, et al. Inventory of [32] e NRILMEEZR SR . P EEHOLAFSEM]. JLat

emissions of pollutants from open burning crop residuelJ]. [E] b 8 i, 2013.

Journal of Agro—Environment Science, 2005, 24(4): 800-804. National Bureau of Statistics of People’s Republic of China.
[30] De Zarate 1, Ezcurra A, Lacaux J P, et al. Pollution by cereal- Yearbook of China animal husbandry[M]. Beijing: China Agri-

waste burning in Spain[J]. Atmospheric Research, 2005, 73(1/ cultural Press, 2013.

2): 161-170.

The emission estimation and spatial distribution of black carbon aerosol

FU Jiafeng', QI Meng’, LIU Qian', WANG Hongmei'
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Beijing 100012, China
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Abstract By using statistical methods, the emission inventory of black carbon aerosol in China in 2012 is calculated, and the spatial
distribution map of black carbon emissions in the county area is constructed. It is shown that the total amount of black carbon emissions
in China in 2012 is 188.676x10" t, among which the residents” living source emissions are 81.800%10" t, accounting for 43.3% of the total
black carbon emissions, ranking first. Those of the industrial production and the final consumption are 80.914Xx10" t, accounting for 42.9%
of the national emissions, and the total emissions of the industrial sources and the residents” living sources account for 86.2%, and are the
main sources of black carbon emissions in China. The emissions of the transportation and the biomass combustion are 17.809x10* t and
6.667x10" t, respectively, accounting for 9.4 percent and 3.5 percent, respectively. The thermal and heating emissions are small, accounting
for just 0.8% of the total emissions. With regard to the energy type, the black carbon is mainly from the coal and biofuel combustion,
accounting for 54% and 31.6%, respectively. The spatial distribution of the black carbon emission is uneven, which shows the trend that it
is high in east and low in west, as is consistent with the regional economic development and the rural population density. Regionally, the
area of the highest black carbon emissions in the country includes Shanxi, Hebei, Shandong, Henan, and Inner Mongolia, as the top five,
contributing about 37% of the country’s emissions. The main source of the emissions in Shanxi is from industrial productions, accounting for
82.4% of the province’s emissions. Shanxi is a big coal production province, the coking industry, and the heavy use of coal, make the
higher black carbon emissions in the province. The main sources of emissions in Hebei and Shandong are also the industries, accounting for
61.5 percent and 57.5 percent of the province’s emissions, and the residents” consumption also takes up a percentage. In Henan province,
the rural population density is high, the resident living source of the black carbon accounts for 50% of the total amount, and in Inner
Mongolia, the industrial source and the life source, both contrubute about 45%.

Keywords black carbon; emission factor; spatial distribution; emission inventory
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