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Abstract: Based on the International Civil Aviation Organization (ICAO) standard emission model, combined with statistical data
from the Civil Aviation Administration of China (CAAC), an updated 2023~2024 air pollutant and carbon fusion emission inventory
for the landing and take-off (LTO) cycles of civil aviation airports in China's mainland was constructed, and the accuracy of the
emission inventory was verified using the CHAP dataset. The results showed that in 2023, NO,, CO, HC, SO,, PM, and CO,
emissions from LTO cycles at Chinese civil aviation airports were 1.277x10°, 1.010x10°, 0.084x10°, 0.037x10°, 0.010x10°, and
176.739%10°t, respectively. In 2024, the corresponding emissions were 1.353x10°, 1.070x10°, 0.089x10°, 0.039x10°, 0.010x10°, and
187.189x10%, with a total LTO phase emission increase of 5.91% compared to 2023. The spatial and temporal characteristics of
emissions in 2023 and 2024 indicated that economically developed eastern regions (such as Beijing, Shanghai, and Guangzhou) had
CO, emissions accounting for more than 26% of the national total due to dense flight operations, whereas emissions were lower in
western regions due to the limited number of regional airports. Empirical models showed a strong correlation between NO, emissions
and CHAP concentration data (+=0.50), validating the reliability of the inventory.

Key words: civil aviation airports; carbon dioxide; integrated emission inventory; landing and take-off (LTO) cycles
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TSR I [ R TS G ) CO, Rl G HEIBGE
FAIFIE I CHAP Bs AR i 50 5227 50 F
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FE] A AL A AR R B o g s T R DR - s A
T 2023~2024 AF R Fl X (A B ) BT
WLy LTO TR BRI Rl & HFE0E F.(NO, COL HC
SOy PM K COp) X LI B3 AFFERIT T RG5>
Wi, 456 CHAP B v 17 Yty 15 1 g S uF
PR, DA IE REATCE 1) il HE T8 SR ) MR

1 MR575E

1.1 HdhikUs
AWFFRAEEFE 31 MG S ERET AR K
2023~2024 FisiNIHEHE A ETIBIE), IS T4 E

BT JR B 77 G v Bl SR T DL B 2 2, A 4
CAGETHE AT 2022) M2t 4 [ RATALBAAA K,
AT B 7 R e SCRR AL g S LR - B
HLVCHC et 22, 5 |1 ICAO "’HL & S LHE s gl
SRR SR NS FER L HEBOR 1 S0 B 55 O
ZH.
1.2 KAT5YHE R 57

LI LTO 15 FR B B 1A HE U < L X 45k
KAV G H R 1 80%! L M K HLE LTO 7HFR I
BN AR AT T RERMIEE A EEE
0 ) DAY O 2 8 A o B 000 T SR B2 R 2L
RUVR i AT HOR S L5 HLAL R 58 4 DU IE, AR i
FUR ] ICAO Atk HE FEORE 7Y ) 2 A% SR E B8 12 7 ¥
T L A WL AE AT SR G S R vEAL HE IS
E7E B N 2 AN 0TS IR BE VPG 00 H s I R
EUOL AR B STMRE & HLE L (R 1), T %A
FRBAY B LR I DR 1 R0 2 5l B9 B AS 3 4
AWTIUE % T IRE 4054 BUEMH S B kAL
96.62% 11 HE i Rl 7 1% 55, 2 25 A H B\ 2 /i Kk £ 1
TIF 0BRSS VF B3 857 e IR R« AU vl 4
o AGER A & NO,. CO. HC. SO,. PM
o CO, Hi i,

F1 PESITLEE NIRRT
Table 1 Number and proportion of transport aircraft by industry in China

L ARG RENHL L 45(%) L HIRGEE R LEA1 (%)
B737-800 1190 CFM56-7B24 29.35 B787-8 7 GEnx-1B 0.17
A320 788 V2527-A5 19.44 B777F 30 GE90-77B 0.74
A321 334 CFM56-5B3/3 8.24 A321NEO 109 CFM56-5B3/3 2.69
A319 174 CFM56-5B7/P 429 B747-400F 13 PW4056 0.32
B737-700 143 CFM56-7B22 3.53 A350-900 45 Trent XWB-84 1.11
A330-300 129 Trent 700 3.18 B737-300F 0 CFM56-3B 0.00
A330-200 104 Trent 700 2.57 EMB-145 8 AE3007A1 0.20
EMB-190 85 AE3007A1 2.10 B747-8 7 GEnx—2B 0.17
B737TMAXS8 97 LEAP-1B 2.39 A300-600F 6 CF6-80C2A8 0.15
B777-300ER 63 GE90-115BL 1.55 B737-900ER 6 CFM56-7BE 0.15
B787-9 83 GEnx-1B 2.05 A380 5 Trent 900-84 0.12
B737F 74 CFM56-7B22 1.83 B767-300F 13 CF6-80C2A1 0.32
A320NEO 341 PW1100G-IM 8.41 B737-900 5 CFM56-7B27 0.12
B757-200F 58 RB211-535E4 1.43 oAt 137 - 3.38
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o3 HETBRA 1 S g/kg.
CO, HEs E T A (6T :
E. EIl ><Fj><tj><n><60><LTO (6)

CO,.j
K Econ; I COL 7E j BT BIHFIER kg;Elco, A
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2.1 PERMHIG LTO MEFRHEREE $.(2023~2024
)

WL K05 G K eiscansk 2 fios A1 T
2023 41,2024 A E AT CHLER BRI A, 2 8
LTO ¥ K05 49 B H U == T 5.91%,
M NO,. CO. HC. SO,. Fl CO, HEji 517+
BT 5.95%. 5.94%. 5.95%. 5.41%. 5.91%,PM Hi
R R FFAA.

R2 2023~2024 F R ERM A LTO BIAK ISR KR
HERME (10%)
Table 2 LTO-cycle air pollutant and carbon emissions from
civil aircraft in China (2023~2024) (104t)

ER NO, Cco HC SO, PM CO, HEE &=

2023 1277 10.10  0.84 0.37
2024 13.53 10.70  0.89 0.39

0.10 1767.39 1791.57
0.10 1871.89 1897.50

2.2 KAV G HEBCR R T AR AL

WK 1 FTRn,2023 455 2024 55 K575 Gl Ko
He s AR AL Bk B 7~8 A HECE:
A e, A EHEBCR AR A A G 12 2023 4F 1 H A
HHEBCR AR, 6.23%.3% T3 5 (b N R ILAIE
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17 BN L b 2 1, BRI i 7 Ak T 5 A 3 301K
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HEAE Ay A, BT 2023 4F 8 PO Ak RN R
(9 H29 HZ 10 A 6 H),ifi 2024 4FE JARHIHA 10
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ZE 5 BB R A 9~10 HIARIMLIZHE BRI 2.
g5 b S AT I B 5 B2 5 LI TS G s
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V53 B CO, FFIU S AR (] 2). 25 SRR W], &7 G
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1 2023~2024 SFEHLI7 K05 40 Kl A HERCR (R 46 o Bl
Fig.1 Annual percentage of monthly emissions of air
pollutants and carbon at airports (2023~2024)

B2 2015~2024 SEHLI7 K5 Gl SOk HEICR A2 AL
Fig.2 Annual changes in airport air pollutant and carbon
emissions from 2015 to 2024
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Fig.3 2024 aircraft LTO—cycle emissions at Chinese airports:
air pollutants and carbon
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2.4 KAV G B HE R 19 2% W) 4 A (2023~
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S 4). T E AR w0 S Y )1 DX A
AR, X IRE T R s DL, N FR 8 75 SRR I8 i
e SR B vy 6 ) CO, HE R S A BT 2023
F,2024 AL HE O TC I 2 DX 2

FRE 75 KHb X CO, HE i = 45 Rl 5 fros. A [
ZNRHI X A 2R 1l R g X CO, TS /= T
P PGIERIZR AL HBIX. CO, HEUER K. 2023 4R 4 Hh
X[ CO, FEMCE & SR 26.39%,2024 4
26.61%, 15 2y A A HE T8 5 S5 e PR ML IX IR 22,2023
SEHERCE H EE 25.00%;2024 4 (5 EE 24.87%. L 4K M
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X f) GDP ja 5 Jif 4x [ 2 122 3 CO, HEUR 15 45
FES ROIBFEFETE 7 AR & Herh AR AR X (DL g
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SN KA RN REL T RIERBPNY AN DR
GDP AL 7N KD RS 55— R SR I % T 3
R AT IB AT, R I 2023 K2 2024 4 LA _E X

CO, IR AL T8 5 7K - .CO R HE X 38 Ay . el v
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K SEMIRTIEIE P 4C G bz E 70%!, 1A
Iy e 0 R 8 A B 2 ek . E ok T e, DX sk A 2 e
T AR B N 5 R A JE At B K
ERRING).

4 2023(a)~2024(b) - E RAIHLYE CO, HEB A AL

Fig.4 Spatiotemporal distribution changes of CO, emissions from Chinese civil aviation airports (2023~2024)
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Fig.5 Distribution of CO, emissions across China's six major

regions (2023~2024)

R ML K5 G HE T 2 18] 73 A1 s AR R

https://www.cnki.net

T BB ) X 32 S (] 6) ARSI L T 2023 4F
~2024 - RAULIZ BB 75 G441 (CO F NO,)
TF AT 5,3 S HE TR 1) 4 v 7 o [ R AR o
R T 0 T DX, 2 A A P S b X v e HE
M AR X — A CHAP B4 475 e ik Ji
AR B B A HREIX 5 CHAP #df
BEVT e W vk B v (B DX R A v HE SO X E N
AR, 20 B I R A% 08 i el R B Ak
%, RAT G s A I S HE s AR B i AR Ak B
A T 70% M HLIA B8 4C S b, i
B /b i ek 0 U T e A An 2RO oY %
T WL R AT £ 1) 5 SR R R, BT o 1) 4R 358 A
L DX 1) 5 ) 5K



106 SN ES 7 N A = = 46 &

K6 2023~2024 41 AL CO(a)(b) 5 NOL(o)(d)yHE R 1173 () 43 A HRFHE S S 5 CHAP i i) be
Fig.6  Spatial distribution of CO (a, b) and NO; (c, d) emissions from Chinese airports in 2023~2024, with comparative

visualization based on CHAP dataset
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4%~10%, B AN P& T4 AR K (LTO)M Bt NO, HEJK
5 15 LE DA 5% 38 R A T O 3 10 v A IR TR
m MR AR T 2012 b H
MU I HE TGS B IR T ML) 21 &) [ B 55 1 =
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IAHK.
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Fig.7 Empirical model constructed for NO, concentration in

CHAP datasets and NO, emissions in air pollution emission
inventories from 2023 (a) to 2024 (b)

F3 HAUFTHEBIIEER

Table 3 Typical urban model verification results

2023 4F 2024 4
LIEZEAS InNO, InNO, InNO, InNO,
HECR: WEE HECR WEE
Jest/E#HE RS 8.33 3.47 8.46 3.36
Pt/ AT L3 7.98 3.54 8.01 3.48
IS P10 IR 8.51 3.33 8.63 3.23
T 2 H L 8.36 3.22 8.45 3.17
LS RN 7.56 3.71 7.63 3.54
P/ TUE [ B 6.19 2.56 6.28 2.61
=R B E R 7.30 2.30 727 2.29
VGR35 A L3 6.35 2.78 6.35 2.68
FERR/BILE E B 6.18 2.53 6.20 2.43
AN 0.72 0.75

VRO B A t/a, K B pg/m.

Ohy VS E A 7R U A HIE 9 3 B ] A 7R 3 i
FFRE NO, HifE 2 CHAP 1 NO, (KU & AT A1 56
PEYHT (35 3), 45 B4 11,2023 4FH1 2024 4 FRIAH S »
43R 0.72 F10.75, 1 W ZE 56 45784 (1 MER I
2.6 Ayt

AT TR FH SRR 5 VAT AN e PEVEA,
FR A3 B0 7K P FHE B 7 1R A 26 43 A 7 A= B LR,
THEOR R R HE S . S 10000 kSR AR 21K
VGRS COL AN 8 TV Bl (GR 4). 245 SR, %
T 2 AR AR

WA, B A 2 PR HE TBOA AT 1) s RS A
T ZIICAO) K SN ELHE FEHE 2 1) R S HLHE A
T2 BRI CHURSINIREL, SEPridfE 4
A FIER 55 IR 25 52 W0 (1) 454 2 5000] g 5 B S 19 100 Al
2B 2 Ah T T e SR CHLR R S R FE
(81 2 SIMLINRL 7 725, 1] 6 TC 721 ff S WA 4 K LI
SEFR L.

x4 SRMHKERHELER (%)

Table 4 Uncertainty range of pollutant emissions(%o)

SEAy HC CO NO, SO, PM CO,
2023 -6.16~6.14-6.17~6.26-9.34~9.37-4.98~4.98-4.97~4.96-4.96~4.95
2024 -6.00~6.02-5.86~6.16-9.52~9.47-4.75~4.83-4.74~4.81-4.81~4.83

3 4%it

3.1 2024 FrhEHEMIHLIA LTO iE NO,. CO.
HC. SO,. PM 1 CO, HEHCES 5K 13.53%10%,
10.70x10%, 0.89x10", 0.39x10*, 0.10x10*, 1871.89x
10*.15 2023 £E4 16,2024 4E b [ R KHLLTO 7535
KA G S HE SR RN T 5.91%. ML HE i
R R 58T R R R B B
P A7 55 P O, 3 13 6. 57 78 X R0 ML i —
EFEE LTt

3.2 2023 }% 2024 3 H & X LI CO, Hif = £
R E A I TR AP 2wy 27 AN NS
SN e 3R DX AT B S o S B O 5 DR 3% R 4
WRFCIL R I LR . BRI IS i M 2% e
TG R 077 M 28 B 4% 2y, JERL 7 B HIE o P2 52 IR Yk 2
Fe {ELARFAE; 7 S L X 57 21T b 27 s LRSS X 38 5
R R T 7 S S N 0 3 A b 5 52 6 TR 2R P ik
I TR P AR Ak TARA IR
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