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Abstract: Accurate estimation of CO, emissions at the regional scale, particularly in large urban agglomerations, is essential for
effective greenhouse gas mitigation. In this study, the WRF-STILT model, combined with three prior anthropogenic CO, emission
inventories (EDGAR v6.0, an improved version of EDGAR v6.0 integrated with GCG v1.0, and the ODIAC inventory) was used to
simulate atmospheric CO, concentrations in the Yangtze River Delta during winter 2018. Observational data from a 70-meter tower
in Quanjiao, Anhui province, served as the reference. A scale factor Bayesian inversion method was applied to optimize the
simulation results, allowing estimation of anthropogenic CO, emission fluxes in the region. The results indicate that the CO,
concentrations simulated by the WRF-STILT model effectively reflect the emission characteristics of the Yangtze River Delta. In
winter, simulations based on the improved inventory aligned more closely with observations than those using EDGAR v6.0alone.
The posterior CO, emission fluxes estimated using the EDGAR and improved inventories were (0.199 + 0.005) and (0.200 + 0.007)
mg/(m*s), respectively—representing decreases of 0.02 and 0.01mg/(m*s) compared to the prior flux estimates. The Bayesian
inversion method significantly optimized the prior emissions from the EDGAR inventory. When calculating total CO, emissions for
the region using the improved inventory, power generation and industrial sectors were identified as the primary sources of uncertainty.
Additionally, due to the low nocturnal boundary layer height, the model tended to overestimate the contribution of elevated emission
sources near the observation site. Future simulations should ensure the WRF model accurately captures hourly boundary layer
heights, and that vertical emission profiles of point sources are incorporated into emission inventories.
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Table 1 Scale factors of major CO, emission sources based on the inversion of two emission inventories at the monthly scale

J: T EDGAR 5 5 RS
ne ﬂlﬁﬂw ATk ”’”{& e R E@Aﬁ AR UE EWi] Tk i A3 E@j\j} FARI
P4 AT b U
2018-12 0.60 0.97 0.90 0.92 0.98 1.00 0.98 0.95 1.00 1.00 0.96 1.00
2019-01 0.81 0.95 0.92 0.95 0.96 0.99 0.94 0.89 0.99 0.99 0.96 1.00
2019-02 0.84 0.97 0.92 0.95 0.97 0.99 0.96 0.92 1.00 1.00 0.96 1.00
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Carbon Tracker H [ H SR & AH N 25 . ik 2
fio, kT EDGAR i H.. S 1 ODIAC i
ARSI = 505 CO, HERGE B4 54 0.219,
0.210,0.202mg/(m*s).7£ 1% % 7=, 3 T EDGAR i #.
AT 7 A B S 5 CO, HECHE &= 4 oA
0.199+0.005 F1 0.200+0.007mg/(m?-s), FH# T-1X %
ANE I SE R CO, HEROE &, 5 56 HEHOE 5 5 )
TP T 0.02 A1 0.01mg/(m*s), 3 T EDGAR i H Al
AR JiE 36 HE ROE T R 0 e R L R B A BT

DU Js i 2 0 123 55 B RO DR A s S R

1M AH AT 2017~2018 4F 24 = 11 J5 56 7 T80 45 R
2018~2019 4F 4 Z= ) Ji U HE O 343 e 7 B
5T EDGAR V5 I 5 % el & E T
0.003mg/(m>-s); 3 T e 2 375 5 14 ) o6 HE OH & E
T 0.004mg/(m2's).

#2 ET3HHREREEK=MA CO HIaE
Table 2  Estimation of CO, emission fluxes in the Yangtze

River Delta based on three emission inventories

R i i) K= CO, Hijium &
EDGAR G345 48 2018-12~2019-02 0.219
EDGAR J5 364548 2018-12~2019-02 0.199+0.008
O A B AR 2018-12~2019-02 0.210
OV B 5 B AR 2018-12~2019-02 0.200+0.005
ODIAC FeH 4Ll 2018-12~2019-02 0.202
A A mg/(ms).

2.2.3 MG T CO, HUEM T A
2018 “F4Z5 EDGAR Alcit i 5 b 3 EEHE O 1
HefiE £ 5 Carbon Tracker ) H 4Rk CO, HEBGE E4E
5 H IR 565601 5 5608 2 4035 3 7R EDGAR i Hep
HE 780 R R R d K 0N O 5 Ik
£¢,2018 4F 12 H~2019 4F 2 H (1) )5 56 HE sl & 437
T 0.022. 0.011 F1 0.009mg/(m*s), V-3 T Bl
JE2N 0.014meg/(m’s). HL 347 1) ) 56 G B R B
M R 2, & H ol BT 0.004. 0.004 Fi
0.003mg/(m™s), -2 F#ii 4y 0.003mg/(m™s). 1)
BT AN A = A e A = A A A HET
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PR G IS8 R 5 i a5 RIEAR— B AE 2018 412 H 2.3.1 CO, IREEBIME S WME R TR a1 S

4 EL /N

22019 4 2 HHINLERHESS =50 FRET
0.028,0.017,0.015mg/(m*s), ¥ ¥J & 0.020mg/(m*s).
X, EDGAR ¥ 5 B/ K = A 5 50 HE R = 1 AR
A 3B A 38 ML R B A H g AT M, 3 e AR
2 1 DT R B S5 2 [ I A S e K = A i X i
VAR 14 56 36 HE AT A S v (R AN A o P 75 R AT B
B PR 742 1 LA

ORI R, RO K, I B A i T
FARA ST, AL HE O 5 1) B A 5 KA 2018 4F
12 H~2019 4F 2 H #1),3X = AN 3 59 T HE 808 54
BIREET 0.004. 0.009. 0.006mg/(m*s), F-14 %
0.008mg/(m’-s). He At ity HERL, H CO, HERURIEAT
T M HEB P A DR 7 A i 1A IR T B o s
BN, ZA A R AR 0.002mg/(m*s) AT 2 AT
T LA N Sk YR ) 5 56 HEOE SRR N S 5 S
56 1) HE FEOH F AR — B0 a1 s 56
HTBCEAE X = A H 237 T % 0.006,0.014, 0.01mg/
(m*s), ¥ % 0.011mg/(m?>s). K, 6 T o ik i B
SR, E A N HERGE = CO, HEBUR AL T
FERYE T H3 5 THETS X A Nk HE TS 2
TG FE K A COL HEIUR SR AN 2
KR,
2.3 KA CO, ¥R BRI 5 WL IME X L

T 3 RGO HE RO . (EDGAR i .. GCG 1 EDGAR
FHEE £ H sk BBl & ODIAC i ¥ N CO,
J35 E\5 Carbon Tracker ) H%K CO, HE BAE N
SIS BRI, 5 /NI RUBE () A A AR 45, ] 3
5K 4 Fior, 5T EDGAR HERUH SR 45 i
T B I PRTASCDLE FHOBLIIAEL 1 A48 A A A K 2 B Dl
TN B EAE — LE I B AT AU B I A
i vy 0 Qi AEG (10 175 0, 5% 400 fh o R FEE v 1A 407.1
pmol/mol, AR i (R 1 /& i35 79.3 umol/mol, Ml
S EERUE AR R 4 0.25(P < 0.01),—#PEfR
B 0.40, 245 77 MR 22 4 42.17pumol/mol (& 4(a)).FE T
OIS PSS R T2 T EDGAR HEBGE HL1
RN 285 SR AL 55 I UL (9 A8 A 33 B v 1 — 3
PEAIK R E(R =036, P<0.01). —EIE45%0(0.55)-
)5 MR 2 (25.09umol/mol )24 FEAR (K 4(b)). ok, ik
TR AR 45 R EIE A T LT ODIAC AR
45 5K 4(c),R = 0.30, P < 0.01,JoA = 0.52,RMSE =
25.37 pmol/mol).2& T EDGAR i 5L (1) 46 0 A0l
FEF 53 I BA RS0 i e PRI A7 00, 10 28 L9 DR -1 DA
JEAF BT Ok, BRAIK T AN S B A 0 R B v 11
5L ) — BvE A P Ok A OC R R B B
THIoA 1 0.40 31 0.47( 4(a)F1 4(d)),RMSE [%
7 9.30 umol/mol.
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Fig.3 Comparison of the background, observed and simulated atmospheric CO, concentration during the observation period
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ELA31 IR 7B A 7 3T EDGAR FIESGdkds 1) 5
ARS8, 535 T EDGAR ¥ BRI K
CO, ¥k £ °F 4 {8 h 453.8umol/mol [% 1k &
447 .0pmol/mol F& T~ ki H AR L 1 KA CO, WRJE
SFEIMEH 444.5pmol/mol PR ZE 442.9umol/mol, 5
NI S ¥4 41 5 Ok 42 3T (442.0pumol/mol ), B T+ ik i
PR 5 B AR I 2 de e 1 WL SR &5
EENIE A I/INE - S Rl s e N o W e Y L
Jil EDGAR 35 5119 ) B AU E
232 CO, WEBIUES WINE K B BN Kt
PRI B ) 50 UL 5 S B AR UL AR Ll B 1A
(1) ARG AP AT U AR B 24— e FR T
NRE I S FToRFET EDGAR i 510 i S0 AU
EN G RN i AN TR S5 s eei 3 R N g i
PUE T FFIIMEREIR /N LT EDGAR [ 5 KA i
B BHELLE 0:00CO, W G52, N IR

B8 10.3pumol/mol, & /N34 R % T 7.0pmol/mol.
EE A8 D]~ 0 D00 A A A5 A R T ek T v P ABE 0L {8 73
BT ek, N A PR R COy RSO AE T
EDGAR (1) B8 55 0 00 11 d5e K 22 A th e 56 1)
27.3pumol/mol 5t 4 Ji5 56 1) 17.0pumol/mol, 5 /)N 22 {H
HSEEE 1.8umol/mol 503k 4 55 1#) 0.4umol/mol,
P ARG S I 1) — UM R T SodE i R
Ji B AU LU LS B AR T B PR 8 /N, — % 22
fH KA 2.2umol/mol. 52T EDGAR )5 554U
AR G, T SO T B 1) S0 A 0L 48 A 1, 7 4
B] & ) ZEE R, ZE i 4 = ATk 9.8 umol/mol; 7E H
R IR 2 A /N ,12:00~16:00 I B 2 A1 A
0.5~1.7umol/mol. AH L1y 7, 5 T~ el dh i PR 1) J 5
PREFOAE SE A5 A WMIMEL 1) ) A AR AT 52 B COL R
JEEARARA B0 AE 5 LA AEAN A IS B PR ZE (B AT K,

% 3 EDGAR BEHEMEHELEPETEHMIES Carbon Tracker B ARSI 5F1 CO, HEAUIE 2 [mg/(m>s)] X7 Eb

Table 3 The priori and posteriori CO, emission fluxes from major emitters and Carbon Tracker natural sources in the EDGAR and

improved inventories[mg/(m?-s)]

.. o 2018-12 2019-01 2019-02
TH 5 HI) - — - — -

p Ji i SE5 Ji i SE5 G

&ML R 0.056 0.034 0.055 0.046 0.059 0.050

EWIEN 4 0.094 0.090 0.078 0.074 0.081 0.078

S A AT 0.011 0.010 0.011 0.010 0.012 0.011

HRA = 0.005 0.004 0.005 0.004 0.005 0.005

E4)E ke 0.013 0.012 0.013 0.012 0.014 0.014

EDGAR i . s 0.018 0.017 0.019 0.018 0.016 0.015

pEL S ) 0.011 0.010 0.010 0.010 0.011 0.011

HoAl N\ U5 0.006 0.006 0.006 0.006 0.007 0.007

N R A 0.213 0.185 0.196 0.179 0.205 0.190

EES ks 0.005 0.005 0.021 0.021 0.017 0.017

HEUs 0.218 0.190 0.217 0.200 0.222 0.207

i) 0.064 0.063 0.064 0.060 0.064 0.062

Tk 0.078 0.074 0.078 0.069 0.078 0.072

= 0.012 0.012 0.012 0.012 0.012 0.012

e A i@ 0.011 0.011 0.011 0.011 0.011 0.011

oA A Ay U5 0.029 0.028 0.029 0.028 0.031 0.030

N HE S 0.195 0.189 0.195 0.181 0.197 0.187

Ep3iihs 0.005 0.005 0.021 0.021 0.017 0.017

He s 0.200 0.194 0.216 0.202 0.214 0.204

FERS COp BRAUL A BT S U AR L H IR
Bla i« IR MR IG5t A2 A5 T BT HEiG
FAIRRE 870 25 RN A HETBCIR ) H AR AR AL, 1] Gt
g VA AEE AR R AR I B vy IR P 1 R ] A ]
T B R Bt AT REEERTH 42 H BN RUEE, [R]

A HERE N 0.1°%0.1°88 T 42 Tkmx 1km, DA SRG4H
b ARCDUFI B Aff e sz Bk SEZ o RO D B PRl 2 —
TE TR RHR 22 FEAK IR CO, MR,
T 5T MRS (R] /NI RE (R 52 v P LR,
YR RIHEBOE FAAE AT 5 ) EAG SRR PR 2
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