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from 2000 to 2019

LI Shuhui', CAO Shanshan', YANG Yi', CHENG Danyang', FAN Linping”, LIU Min"*"

1. Shanghai Key Lab for Urban Ecological Processes and Eco-Restoration, School of Ecological and Environmental Sciences, East
China Normal University, Shanghai 200241, China
2. Institute of Eco-Chongming (IEC), East China Normal University, Shanghai 202162, China

Abstract: Background, aim, and scope Black carbon (BC) is a greenhouse gas with a warming benefit second
only to that of CO,. This has an impact on regional climate change and human health. The aim of this study was to
examine the BC emission inventory and its uncertainty in the Yangtze River Delta (YRD), one of the fastest growing
economies in China, and to provide a scientific basis for reducing BC emissions and achieving emission reduction
targets in the YRD. Materials and methods Based on the latest energy statistics and domestically measured emission
factors, a BC emission inventory in the YRD from 2000 to 2019 was established. The Monte Carlo method was
used to analyze the uncertainty of the BC emission inventory, focusing on the influence of the value difference
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of emission factor values on the BC emission accounting. The key factors that had a significant effect on the
uncertainty of the accounting results were identified and an objectively confidence interval of the BC emission
in the YRD was provided. Results The results showed that: (1) the total BC emissions in the YRD increased from
10.72x 10" kg to 12.54x 10" kg from 2000 to 2019. In 2000, residences were the largest source of BC emissions
in the YRD, accounting for 42.2% of the total BC emissions. Emissions from industrial sources became the largest
source of BC emissions after 2006 and accounting for 63.2% of total BC emissions in 2019. (2) BC emissions in
the YRD showed noticeable spatial differentiation. The total BC emissions and BC emission intensity per capita
in Jiangsu Province were ranked first. (3) The 95% confidence interval of total BC emissions in the YRD in 2019
was 7.13%10’—14.49x 10 kg. The relative uncertainty caused by the emission factor was —33.50%—35.11%,
in which industrial sources were the main contributors to the uncertainty of BC emission uncertainty.
Discussion (1) Significant changes have occurred in the structure of the BC emissions sources from 2000 to
2019. Owing to the rapid development of urban industries, the contribution of BC emissions from industrial
sources has increased. In addition, with the popularization of natural gas energy, the contribution of BC from
residential coal combustion in the YRD has significantly reduced. (2) The spatial distribution of BC emissions
in the YRD was uneven and closely related to energy consumption, economy, and population density. The cities
of Shanghai, Hefei, Fuyang, Xuzhou, and Nanjing had the highest BC emissions, which was related mostly to
industrial development and energy consumption. The BC emissions per unit GDP decreased significantly in
2019 in all provinces, indicating that the development of the YRD relied less on energy-intensive industries.
(3) The uncertainty of BC emissions was larger than that of other greenhouse gases because the current methods
for assessing BC emissions are not as mature or reliable as those for CH, and CO,. Differences in uncertainty
calculations between inventories may also arise from differences in calculation methods and coefficients of
variation. Conclusions Based on the emission inventory, the economy in the YRD is improving its dependence on
energy-intensive industries; however, focus on controlling industrial and transportation sources is still required to
reduce BC emissions. Recommendations and perspectives Future studies are required to analyze the uncertainties
caused by emission control technologies.

Key words: black carbon; emission inventory; uncertainty; the Yangtze River Delta

MK (black carbon, BC ) & KA 4PR Y
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( Kirchstetter et al., 2004 ) . SERfi S B XS 7] UL
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Re P sg < As Ak CETRAE, 2021)
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(CO,) M=k (Bondetal, 2013) . Mk
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2014; Mao et al., 2016) , X% [E7E RS
fiie 55 i &= MR A ok B R ) (L et al.,
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Fig. 1 Classification of black carbon emission sources and estimation method of BC emission
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Tab. 1 Related parameters for different BC emission factor
HEiZ X7 Emission factor WA
HERCUR Recommended
Emission W JiE /(g kg ")
source Fuels Range/(g-kg™) (Fiifss, 2015
(LuYetal,2015) )
JEE Raw coal 0.003—0.32 ( Streets etal., 2001 ) 0.01
KrptmE . 0.05 ( [ili#HE%5, 2015 (LuYetal,2015) )—0.26 ( (EEKZ, 2006 (Cao
VAl Gasoline 0.05
Power GLetal,2006) )
heating i Kerosene 0.2 ([Fii#e%:, 2015 (LuYetal,2015) ) —0.36 ( Streets etal., 2001 ) 0.2
3570 Diesel ol 0.25 (Streetsetal., 2001 ) —0.26 ( (#ER4E, 2006 (Cao G Letal., 2006) ) 0.25
JEE Raw coal 0.003 (Streetsetal., 2001 ) —1.58 ( (#E %, 2006 (Cao G Letal.,2006) ) 0.5
VK Cleaned coal 0.5 (K%, 2015 (LuY etal,2015) ) 0.5
T % Coke 0.28 (Bondetal., 2004) —0.5 (ffif#&5%, 2015 (LuY etal,2015) ) 0.5
Industry Y5l Gasoline 0.07 (Streets etal., 2001 ) —0.26 ( (&E R4, 2006 (Cao G Letal.,, 2006) ) 0.07
k%{ﬂi Kerosene 0.08 (Bond etal., 2004 ) —0.36 ( Streets etal., 2001 ) 0.2
;kaié‘iﬂi Diesel oil 0.25 ( Streets etal., 2001 ) —0.30 ( Bond etal., 2004 ) 0.25
JRER Fuel oil 0.1 (Ki#ES, 2015 (LuYetal,2015) ) —0.36 ( Streets etal., 2001 ) 0.1
iﬁ ¥l Gasoline 0.049 ( (HER%, 2006 (Cao G Letal.,2006) ) —0.08 ( Streets et al., 0.05
Traffic 2001 )
77‘7%‘%793 Diesel oil 1.1 (Streets etal., 2001 ) 1.1
EE,@E I Coal 028 ( (WRER4E, 2006 (CaoG Letal,2006) ) —3.7 ( Streets etal., 2001 ) 0.28
Resident
JKFE  Rice 0.10 ( Zhang etal., 2013 ) —0.58 ( Streets etal., 2001 ) 0.53
HEYIFRE NE Wheat 0.49 (Lietal., 2007) —0.90 ( Streets etal., 2001) 0.8
Biomass FX Maize 0.30 (Zhangetal., 2013) —0.78 (&[ER%, 2007 (Cao G Letal,2007) ) 0.75
combustion ﬁﬂi Cotton 0.82 (HERE%, 2007 (CaoGLetal, 2007 ) ) 0.82
JLFEFT  Other straw  0.66 ( B EL%, 2006 ( Cao G Letal., 2006) ) 0.8

181 J 52 9% (Monte Carlo ) FfiHLIHRE )y 1
X HE e R BT s A 1) PRl HE T30 B AN A o
AT R HFERTE . w5k
TEE (2015 ) BAHE A (B AU S Sk HE kB 7 B
1 7 HECR P I I bR o 22, AR SOR [RLR T T HE

TR A (IR A ) R HER
A S Bl HE TR 2 5 Bl 5 MAH & B AR HE R T
B LA L 1000 S FEAS, AR 4 HE S K - 0T 5 45
H 1A B A HE AR i d5 S HEAT 1000 YR E 3T
B, AT B R CHE R AR A A, DTSR AR AH R
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o FH A Al 2 B 5 I = Al X 3Lt 41
SRTEI N, L mi AL, GDP. 4% 2ERE IR AE
Bl EEORAEY R AR, RV E Y
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2000 —2019 4%, ¥ kU5 M &R G HAFE S DL
SCHRTORE, BRI 2 BioR . RETREGE TR
K= Tk, kBR300 E i X m R A
TG VR R HE R RAEY ™ i AR F L (Lal,
2005 ) HTIHRAY R be s B aHER; AT
1 AR GDP FH 115K = A1 b X 45 45 17 SR e o
P HE R B

K2 AHITEIRSTR . RIS &

Tab.2 Name, source and use of data for this study

Data Sources Use
REVRTH 98 7 SlE A e B
Energy consumption China energy statistics yearbook BC emission
TR T ER A SR A=W SRR R BRI
Crop yield China rural statistics yearbook BC emission from residents
RAFMARFELL ARARHIF TSR A=W SRR R SR
Seed-straw ratio Related literature BC emission from residents
AH. H#. GDP HE ST AT B AL HE R

Population, area, GDP

China statistics yearbook

BC emission of cities

2.1 2000 —2019

2000—2019 4F, & = b X AR HE RS 2
10.72x 10" kg Hhnz 12.54x 10" kg (K2) ,
e HETBOIR S5 44 A= 10 2578 k. 2000 A4 = 1 b IX.
o B A 1 R HE I 12 b X = B A P HE R
(4.53x10"kg) , di2BERHEBUEERY 42.2%, BRT
AREL, FEFTFIE SR — A 1 X A
PR Y REVR AU 2 ( Streets et al., 2001 ) ,
XA W 5T (R IR S S AR I HE TR R ik 1 2 5T
Wk . JE RAE TS IR HE R 2008 4F 2 A A 1
RPN A BOBHIABE SR U5, 2000 —2007 4F4E
kA>T 170107 kg, Horp AR R BEHEROE > T
1.41x10" kgo 2008 4 J5 GE 474 Hh AR PG A )
FRR B, RAE TR R HE B A SRR
o I GENHHIRIE AR A A58 T RTHR — ) il DX A AN i FR
BRI FEI DB 5 250 B A 16 U SR ARHE L b 2008
£ 0.56x 107 kg T FEZ 2019 415 0.12x 10" kg,
2006 47, & =AM IX Tl U5 R HE s (5.97 %
10" kg) MBI m AT (2.71x10" kg) , A%
R A X e A SR HE IR, S 10 a,
Tl U5 HE i R AR Y i, A 2015 4F 38 2] 0% {E
(9.48x10" kg, Ik 66.9%) J5&#i = 2019
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ER 7.92x10" kg (5 H 63.2%) o 2019 4E, JEE
A HERIA 5 4 = A b DX R BRHE R Y 0.9% 6
i 20 a K =AM I R R S, SSE AR L
H 3.4% ¥ 2 14.6%, AP EHGE el 14.9% 3
£ 17.8%, KHEBRHEACE 20 a RIGLAL T BaHE
SR 4%, FEAEREEN, 2008 4EXTHE (A
TG ) ARSI BCHE TR AR 12 Tk IE I
JE B AT HERC (EWAE, 2015) , 20 R AR HE
R ) 43.3% F1 39.6%. 5 4= [ BARRHE IR 454
I, ASCEERY 2008 AR = A M X Tl 5 2R 5%
Hele i bt PRy, e RAE TR IR Y L R
KT 2EPFYY, 1EaGX 250 R 5K = fHbIX
FIRETR Y P45 H9 4 55, 2000—2015 4FK =1 i1 [X.
TolSEIMEL S AR 17% (5KRBiREE, 2019)
PP Tl & e, Tl VR0 BEARHE I ) B ik
AW, AN, RBEERIRRRRIRE M, KA
DX Jii AR TR R DTk b, R Tk R pmk L
mRE (MR, 2015) .

HY T A0F 5 1 1] B LA R R T HE il - B AN —
5, AFEERHEBOE RRfAE—E 25 (£3) .
FR A v [ 22 RO HEE BA Y ( multi-resolution
emission inventory for China, MEIC ) #2{t54
WRHERCECE , 2008 —2017 4R = 1 b X SRR HEL
M 21.43%10 kg %2 1537x10" kg (Lietal.,
2017; Zheng et al., 2018) . 20144EHij MEIC 5 H
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R B a HE i = T ARIESE, 2014 —2017 4F
ARHEE TR, SASCREMR R, EEE
F T MEIC Tl R HE B 4.95% 107 kg [ & 3.07 %
10" kg, M BMRHEROESS W EFH, SACHL,
MEIC {5 HU45 2 (14 Ji R A TG IR 4 H g s 30%, E2E
J=H T MEIC i R AL A Y ok ee kit ,
HOZHEIE A ek 05 S4h, R FEdERRS], A
2008 4 J5 JiE B AR 18 VR HE A T A A 4 R 0k
B R, 2ZJm RARIE IR & e fIRsg ), A4S
Y T 5 s T HABYE B, Qin and Xie (2011)
B 2000 A7 AR HERCE 5 R R I HERC LB

JE T2 AT IERORMBRAIRE , AP Bz i K
SRR, JE B FH R 7™ A4 1 PRl A A 7 ik 2>
5 Wang et al. (2012) . Zhang et al. (2013) LI A&
fHmEESE (2018) MZEAAHLL, MEARHER 2 5 &
BRI T AU I RRIRE Sh B AL & R IR IH
o WeHh, PRSI HRARELE 1999 —2010 4
LA, HO R AR iRk, wasRsn
() T BR300 YR PR A HE IO 22 5o A IR HE O 2R
Az 2 S 1) B PR 47 vt i BRI T Sl s R TN
W] HE B P HREAR ], DL AN [R] 3 B 2
A FRANTHIR 7 AT REAFAE 26 5 5, X SU 2% e LA

o TASCR AL B, FEJEH T 2000 AEEZE A,
1600 : . - .
JE AT Resident == A5 5#  Traffic == ) Industry
o 1400 1w J2 i fit0% Powerheating == A4 fi#k%e Biomass combustion ~ — MEIC
£ 1200 1
= = 1000 U
= e .
% 2800
s E 6001 I
Q4001
200 1
0 ——
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
FAy Year
K2 2000—2019 45K = Al DX RRBRHEHU AR 43 ) A2 A ke 35 S 5 MEIC 1 FLAXT L
Fig.2 BC emissions in the YRD from 2000 to 2019 and comparison with MEIC
3 KA R E E AT
Tab. 3 Comparison of different emission lists
. - . 2 FL LI - ; .
He e i b T EERR S gy pragy EVEME g
L L Power . Biomass
Emission inventory Year BC emission Industry . Traffic Resident . Total
heating combustion
ks Emission/ 10 k 4.66 0.02 5.41 5.29 0.00 15.37
MEIC 2017 -~ NE .
L Ratio/% 30.28 0.12 35.19 34.40 0.00 100.00
i Emission/ 107 k 4.64 0.11 1.72 7.99 1.42 15.87
Qinand Xie, 2011 2000 g .
ditt  Ratio/% 29.20 0.69 10.82 50.32 8.97 100.00
it Emission/10” k 1.52 2.33 0.27 0.73 0.12 4.87
Wangetal, 2012 2007 I Emission/10’ke
L Ratio/% 31.30 47.83 5.59 15.02 2.51 100.00
it Emission/10” k 6.22 0.23 2.90 6.27 1.06 16.68
Zhangetal, 2013 2008 - TP Emission/10 ke
L Ratio/% 37.31 138 17.38 37.59 6.34 100.00
fHneess, 2018 2 HEjifi:  Emission/10 kg 7.29 0.31 3.22 6.50 1.26 18.57
(FuJFetal,2018) L Ratio/% 39.26 1.64 17.33 34.99 6.78 100.00
NI 0 HEfftiE Emission/ 107 kg 7.92 0.44 1.84 0.12 223 12.55
This study A Ratio/% 63.15 3.49 14.64 0.94 17.78 100.00
22 BRAE SRR K T 0.39% 10" kg (67.82% ) , FHAE

2000—2019 4F-, M dE iR Y X3 A 7
SR N ey W A I A =X L i
FRE mU T M UL I (81 3) o Hirr, ZRTT S
g, 2 GDP HK IR, 20 a KA THTE

2019 4FBad T BT (0.94%10" kg) , MCAK =
£ b DX SR RHE i 2 T o LB A 3T PR e HE
TR 0B R A bR, Hh S B T AR AR HE A 2019
AEIRF] 0.94x 10" kg, KT 147.90%, LK T L
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AN i Y E S0 A R 0 s | o S TS T o
fifi, 2000—2010 4, M 7 B Ak HE A & i 0.75 %
107 kg HZE 1.08 X107 kg 2019 4F, BE#H EHEK K
ST P EBOR B S, TR T R ERHEA L% =
0.47x 10" kgo RMATN 5, Wi V148 25 3 Ti7 28 o HE
AR, 2019 A1 B8 A HE i B i 1Y S BT T
(0.40x10"kg) o

160

(%% To be continued )
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A Total BC emission /107 kg

T T
LN Ty 2. Wb T; 3.4 M Tl 4. BRBHT 5. kR 6. T 7.
i 8. Ry 9 AN 10 Bl 11 IEWIT; 12, FIR
s 13 MR 14, BT 15 W T 16, BT 17, RN
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28. JEB T 29. AR T 30. LT 3L I TT; 32, 5 %
33 BUM T 34, 26T 35 T P 36, ST 37 M T
38. BT 39. G, 40, mEAKTT; 41 R
1. Bozhou City; 2. Huaibei City; 3. Suzhou City; 4. Fuyang City; 5. Huai-
nan City; 6. Bengbu City; 7. Chuzhou City; 8. Lu’an City; 9. Hefei
City; 10. Ma’anshan City; 11. Wuhu City; 12. Anqing City; 13. Tong-
ling City; 14. Xuancheng City; 15. Chizhou City; 16. Huangshan City;
17. Xuzhou City; 18. Lianyungang City; 19. Sugian City; 20. Huai’an
City; 21. Yancheng City; 22. Yangzhou City; 23. Taizhou City;
24. Nantong City; 25. Nanjing City; 26. Zhenjiang City; 27. Changzhou
City; 28. Wuxi City; 29. Suzhou City; 30. Shanghai City; 31. Huzhou
City; 32. Jiaxing City; 33. Hangzhou City; 34. Shaoxing City; 35. Ningbo
City; 36. Zhoushan City; 37. Quzhou City; 38. Jinhua City; 39. Taizhou
City; 40. Lishui City; 41. Wenzhou City.

K3 K =AHbIX 2000 4, 2005 4F, 2010 4F, 2015 4,
2019 4 iz (6] 734
Fig. 3 Spatial distribution of BC emissions in the YRD
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MBRRHEIREE R (£ 4) , 2019 K
X AT TV HEBCh 3, 5 SRR
R 50% LA o F R AR TE RN A HL AR 7 A A
FRARHERL A7 e/, AR/ T 10%. VLR Hi ik
R, Tolk & EIGHE, 2000—2019 4E Tl kL 5
b 28.77% 38 & 67.99%; ZHUE Tl HEi &S
W 13.16%, (AT 2 f 2L ) SR ARHE IR, HETR
ST 0.68 < 107 kg; I IfE A 12 i 7 A ) BA AR
HEE G, 2000 4E 32 HECE R 0.09 % 107 kg

(7.63% ) , 2019 4283 HE i G 2 0.29 %
10" kg (31.24%) , A = A Hh X 58 3 5 2k
HE G e R IX ;s o T AR 2 B/
TREAE . LA MWTA, HAY RS 5 =
W HE RS B el R/ (2.34% ) H WL T H
R LB TR RS R B AR HERCE 2010 4
g, FRER R FA IR R R
ORI 2 i A 2008 AF LATT KM LU A 2s i, &
5 2010 FHEHCGE TR A R 22 F K,
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Tab. 4 Source of BC emissions in the YRD in 2000, 2010, and 2019

- T WL LA Lt
E:C a Jiangsu Province Zhejiang Province Anhui Province Shanghai City
sources
2000 2010 2019 2000 2010 2019 2000 2010 2019 2000 2010 2019
Tk ,ﬁFﬁ&i 1.53 406 395 0.10 0.18 1.07 1.65 239 233 078 084 057
Emission/ 10 kg
Indust:
v & Ratio/% 28.77 73.17 6799 522 16.15 5948 7142 6229 5826 67.69 6855 61.05
y § Heme:
K HLLRE . 006  0.15 019 0.05 0.11 0.11 0.02 0.06 0.11 0.03 0.04 0.03
Emission/ 10" kg
Power heating
L Ratio/% 1.09 278 324 259 971 633  0.77 145 2,68 269 324 310
BB ] Emi::}:ffyk 0.12 045 070 0.15 040 033 0.00 024 0.51 009 025 029
Traffic £
fi k. Ratio/% 232 817 1212 797 3646 1828 0.13 634 1277 7.63 20.80 31.24
JE RA T Emijjffffmkg 294  0.07 0.03 1.37 0.10 004 000 035 003 021 006 0.02
Resident -
L Ratio/% 55.23 128 0.58 7127 898 1.99 0.05 9.09 0.67 1848 516 2.28
IR Fhr S
E%ﬁj%% ,ﬁfﬁig . 0.67  0.81 093 025 031 025 0.64 0.80 1.02  0.04 003 0.02
Biomass Emission/10"kg
combustion b Ratio/% 12.60 14.60 16.08 1295 2870 13.92 27.63 20.83 25.61 350 225 234
B il
Bt ,EHFWE 7 532 554 580 1.92 1.10 1.80 231 384  4.00 1.15 122 093
Total Emission/ 10" kg
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2000—2019 4 & 45 B A HE il E & . B T AR R
TR HE . N33 S A HE ik i D S B3 GDP SR il
Heloit (Bl 4) o 45RFEY]: 2019 K =M IX
SRR S A = B VLI > LR > WL
A > LT, 2000 4F VT8 MR aHECE R — /A H
X5 T 49.8%, 2019 4F [ & 46.4%, X T %
A HE S K TV, b Tl
SRR BRHE O K R EZ TTER R, 2019 4R R
A7 TA AR R A HE R & BT > VIR > L >
WiilA, LT 2000 47 50 T AR P ik HE L iR
1832.98 kg-km >, 2019 4-Jd/> 5 1494.67 kg-km °,
JoE IR A T RN TN 2 1 v T R Al HE AR 1 A

Bl 2019 444 AN X B HE T Rt on44 >
WA > T > UL, I 20 a A A
AR HE N T 1924.18 kg AN ' B #
BN, Ha =8 Y B HE R B YA T
Ko 2019 44 = M b X 424 T 547 GDP SRk HE
O R B B > T8 > Wiils > b
T, R 2000 4EHLAL GDP SR ERARCE & h
7963.86 kg AZI0 ', SUBR T i WA B B0
R IERIOBZS R k2 N A B3l 7S (€
() X 3R 28 5 R AR KBS AIE T HAR =481 2019 4F:
FA A, GDP B HE R A B B R, Ul
K = AR 20 T 19 R JR X e R R 7 Ml AR 1 1 1 7 ek
o KT R = A X AR HE R A, N
IR EARIRE AR . PRI, 5%
TEOMRE R R
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2.3

LR 7 B Rt HE R SR 0k R v R T R 1
U 22 5, Monte Carlo #4813 B 2019 4F K = £
b X2 B HE R B R 7.13 % 107 — 14.49 % 107 kg
(95% BEAFIX[E]) , FXAHETE A —33.50% —
35.11% (1 5) o i HE IR AS i o 7 R K 2
ANHERR R Tl R EE . AW ik be . JE R
A RN A2 3, Tl R TE 95% B AR X A T A
E M —57.49% — 60.54%, &K = 1 B HEK
AHE R EE STk, EEREH T HAHE L
M HEBOE T, T HEHE FRIEE L2 257
TR, X RN A R DT (2R A A
2017 ) .

I T PR HE R B N B M e (3R
5), 95% EfF XN S HEBE R 0.58 x10" —
1.04x10" kg, FHXTAHAE MR —28.46%—29.32%,
Wi A B A HE IR R 1.08 % 107 —2.48 X 107 kg
(95% B A X[ ) , ANKITHE (3.09%10"—
6.11x 10" kg ) 1 — 2, {H HAH XA 2 o = ik
—37.88%—41.92%, X 5GitIrkA L, WA
SEPEFEBAR B A T SR, s, Wi
B TV TRAE 95% B Ar X 18] R A9 A X AS B 22 1 A
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—65.45%—73.21%, =W Bk SHE A
PR EZL DTk .

BRI, AR SO BB = f i X AR HE L
AR T HARA T 255 . Zhang et al.  (2013)
T AR 4 E SRR HE RO B 95% B X (1]
HYAHHETE N —53.51%—179.92%, Qin and Xie
(2011) F& H RBRHEHOE A E PR —49.45%—
136.71%, Luetal. (2011) W$5H HARH &N
—43%—93%, JEFPEAHENZE R — T HEH TS
4 [ 90 LA HE A SCRIF S X sk /N, 53— i i A
SEAN TRV G5 FH AR AN 8 2 53 AT 3k R IR A
FORTEAIAME . #R% (2014) B 520 Rig
BT 2 = A CH, HEOE HAE 95% B A5 X[
ANHE PN —15.60% —22.24%, CO, HIAHE
H —6.04%—5.34%, 7] LAE 5 HAB IR = SR
b, BC HERCE AT & I R, X2l T
H X BC HE & 19 PFAG 5 75 18 A CH, Fil CO,
BT EE T B RASEA E M TR G 25 Sl ] gD
B TR A R R EARE, b, SEEK
ROBEREE, 3l 0 DX R ) 3 2= S AR HE T o
HAEROAHEM (Ogle et al., 2003; Wunch
etal., 2009 ) .
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Tab. 5 The uncertainties of total inventories for
YRD BC emissions

BC @it
BC emission/ 10" kg

X : - )
Ri&'_: 2.5 HAM Ty 97.5 H4ML U Nf_%ﬁw
BN Thenss Theo7.s — recrImy/ve
percentiles percentiles
LI
Jiangsu 3.09 4.57 6.11 —32.37—33.61
Province
W
Zhejiang 1.08 1.75 2.48 —37.88—41.92
Province
LR
Anhui 2.32 3.60 5.02 —35.75—39.34
Province
g
Shanghai 0.58 0.81 1.04 —28.46—29.32
City
<= MAHIX
=k 7.13 10.72 14.49 —33.50—35.11
The YRD

FE T SR IR G Sl 8O R R A HE R T
HAT TR = ALK 2000—2019 4F BRI IEHET
T, TR LR ] Monte Carlo J7 2 XHHERC
HEAT RS YE M, EE A M HE R R T UE 2=
ST BRRRHE RO BRI, A5 DU T 458

(1) 2000 —2019 4FK = 1 b X 2R Gk HE e
PR3, BERRHE RO S5k kA T i E AR b
2000 45 JE B AR 1R HEAIOR: K = A b DX i 32 2 1 Rk
HEACIR, 2006 42 J5 Tl HEB R 4 = A b X 1Y
FE B AR HE R

(2) & =y b DX AR HE A A PR S 1 25 1] 4
5, 2019 4F BRFHE R R RN > %
B >WiTA > B, NS RERHERGR B AL
INVE > LRAE > T > WA A ARk
SR EE Ry LT > VL0 > R > WL ; R
¥ GDP AR HE B T A e > 1908 > Wi
T8 > LT,

(3) XTHET R B 22 5 0 AN 2 4 BT 2%
. 2019 4K = i X AR B R 7.13 %107 —
14.49x 10" kg (95% ‘& {5 X 18] ), A XF AN o
K —33.50% —35.11%. Tk HE il K7 59 A1 o 1
JE K A TR HE O S A A AN 1 R B
R
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