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transportation system optimization. Given that the actual operating conditions of airports directly
affect airport aircraft emissions and that complex interactions exist among various factors, a
localized correction model for airport aircraft emissions based on operational simulation was
developed to achieve accurate emission quantification. Through the total airspace & airport
modeller (TAAM), “multi-scenario-multi-factor” simulation experiments for airport aircraft
emissions were conducted to obtain a multivariate dataset of emission parameters including
operational time and fuel flow rate. The k-nearest neighbor mutual information algorithm and
SHAP model were employed to identify the key factors affecting emissions and to quantify the
contribution of each factor to fuel consumption and pollutant emissions. Consequently, a localized
emission correction parameter set was constructed. Using historical flight data from Fuzhou
Changle International Airport, a case study was conducted and a refined emission inventory was
established for aircraft at this airport in 2022. Analysis results indicate that atmospheric
temperature, surface wind speed and direction, aircraft approach and departure speeds, air traffic
control separation, and weather phenomena are the primary factors influencing airport aircraft
emissions. During the taxiing phase, HC and CO represent a substantial proportion of total
emissions, accounting for 97.4% and 94.2%, respectively. NO, and PM, . emissions are
predominantly observed during the climb and takeoff phases, and the sums of proportions of the
two stages are 52. 9% and 66. 1%, respectively. As altitude increases, emissions of various
pollutants generally exhibit a trend of initially rising, followed by a decline, and ultimately
stabilizing. The emission peak of HC, CO, SO,, and PM, ;s occurs within the altitude range of
200-350 m, whereas that of NO, and CO, occurs within the 300-500 m range. The relative
deviation between the calculated results and those based on selected flight onboard real-time
recorded data ranges from 0.6% to 1.3%, whereas the relative deviation from the estimation
results derived from the International Civil Aviation Organization (ICAQO) baseline emission
model estimation results varies from 11% to 23%. The localized correction model for airport
aircraft emissions based on operational simulation can provide technical support for assessing the
pollution emission effects of airport operations and formulating scientific emission reduction
strategies.
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Fig. 1 Flow of the localized correction model
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Table 3 Meteorological condition setting at Fuzhou Airport
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Table 4 Calibration of simulation model based on error analysis

of key reference indicators
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Fig. 3 High-dimensional mutual information map of combinations of feature variables and the SHAP analysis of

flight samples with whole characteristic variables
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Table 5 Localized correction coefficient set for aircraft emissions

based on air traffic control instructions
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Table 6 Localized correction coefficient set for aircraft emissions based on meteorological conditions
ENGCIEE S Iis 2022 4F LR HL/d Hel A oAb I R (1 +2)
355 188 1.051 67
35 0 1.075 05
WA RS IME o4 R, 0 1.084 23
KE 1 1.011 54
e i} 11 1.084 25
2.6 °C A i e I VR EE 1 0.847 13
(2.6,17.5] C ST 1 A 3L B 115 1.154 42
KA SE X [R] (17.5,20.8] C AT 28 60 1.212 31
(20.8,26.8] C AF V-1 5 e T 83 1.333 25
(26.8,41.9] C e i I T YL B 106 1.482 74
TR 1 0.921 71
(0,9.3] km + h™! IR 1 0.962 24
AR 0 1. 059 50
TR 43 1. 053 56
(9.3,18.5] km + h™! IR 28 1.091 48
TEMX 20 1.155 92
Mgt JL 47 1.182 11
JA X [ (18.5,27.8] km « h™! SR 56 1.269 89
MR 9 1.356 73
TR 41 1.375 24
(27.8,37.0] km « h™! A 24 1. 406 98
TEA A 18 1.446 63
TR 6 1.456 68
(37.0,46.3] km + h! RHIR, 22 1.443 23
TEA R 12 1.478 23




%5

LYW, 5 A TETGEOIG RAHER R A B R 5 R 255

2022 4 A8 ML CHLE B B Be HC.CO\NO, |
SO, .PM, 5 F1 CO, 1) HE i B 43 5 Ry 42.4.368. 9,
589.2.31.7.10.1 t 1 202. 8 kt, { &l 5(a), HC
CO HERCAE R AT B B FE 8 s 43 531 o A e g o Bt
HERCY 97. 4%0F0 94. 2% . AHELZ T . NO, F1 PM,,; HE
i B AR T TR R B3 2 B B i HE
Z 350 R R B B HE RO 52,9 % 1 66. 1%,
LB, a8 5(b) . B738 ML HE ik 57 ik f L
HEf b7 B HE Y 48. 9% ~57. 5%, Hivk JE A320 #L
R H S SR 15, 36~19. 7%,

2535 Y W HE TS 5 A0 R A 2 VR A s i) A2 Ak B
BT RNi#tir e+ IlE

100
00000 4
X
g0 R R
x| & &
2
o R
XXX
= Sosesey
£ A ook
00 rRSSE R
iy SKK PR
m XXX 9% XX
i SRR PRI
SRKEA PRI
XXX 9% XX
g 40 H 606 %% 02020 %6%
& xxxxxxx 0‘0 x)(x)(
xxxxxxx Q.‘ x)(x)(
B ol
= RRRA 9503
KX XA 0.0, XX
20 EXER] SRS
OO X
S PIXR
S KK
0 &KL
L
0
HC CO NO, SO, PM,; Co,
Hes R
(a) ARMBLIZ CHLIE B R B HE IR o5 L
10 B HC/t 710
e SO, /t
BN PM, /t
8 & co/lot 78
EE NO,/10t

B3 CO,/10%t 6 2
R
=
4 14 &
B
2 i 2

HC.SO,.PM, ,.CO.NO_FICO, HE i &
(=)}

1 2 3 4 5 6 7 8 9 10 11 12
A4
(c) ML HC.CONO,.SO,.PM, FICO,HE M A 4 4 7

Ay — 2, AL X R B Z A PR
FErgshmszm . MH BB HERE, K 50,
Ty by TR B R B 2R R I 22, S B0 15 G W HF i
etk B A A e s T 1 0 R T B R A R UK
25T Y W HE TR B AR L R A A B IROK . FE
H AR A0 FEAE J5 18T & 45 5 G W HE i 2 38 35 90 o W 8 1
B P i 5 (), Hirp 15:00 B T AL BE &
Ree B U s 38 e W 1L 45 V5 G ) HE o L B 2 B T &
W) % e A T 7E 23:00 =R H 5:00 B[], f1 Tt
PR B B I 08 /D s 45 Y W HE a3 A R A
IR

LW - B 744
; & 739
E=1333
R 73F
=3 737
=8 77w
B 332
=K
319
B L
=3 734
B 321
373G
B2 320
738

CO B E/10°t
S
(=3
(=1
T

N

(=3

(=]
T

HC.CO.NO,.SO,FIPM, ;i il &/t

HC co NO, SO, PM,, CO,
Heg i % 8
(b) FRAVLEFHC.CONO,.SO,FPM, FCO,HE K &

30F e HC/kg - 430
I8 - SO,/kg —
B - PM, /kg
b ~Co/lokg [ a
8 <NO/10kg | Mol
& 20r o Co,/10'kg Rs? 20 o
g | orBER a S
; I ?‘
. ™ol %
£ 10 i 10
z A
ON 0000'
VE (Al
Q
o)
ole 0
00:00 08:00 16:00 24:00
B[]

(d) FHHEFESE K HC.CONO,SO,.PM, FCO,HE /N 4 7

5 2022 445 ML HE O 18] 53 A

Fig. 5 Temporal distribution of emissions at Fuzhou Airport in 2022
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Fig. 6 Spatial distribution of emissions at Fuzhou Airport in 2022
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