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Abstract: A high-resolution aircraft emission inventory for Qingdao Jiaodong Airport based on real flight trajectory datawas
established.Concurrently, the three-dimensional non-steady-state puff dispersion model (CALPUFF) was improved to accommodate
high-dynamic aircraft mobile sources, and the sensitivity of pollutant simulation results to the temporal and spatial resolution of
aircraft emissionswas investigated. Building upon this, a quantitative assessment of the environmental impacts of aircraft
emissionswasperformed. The results indicated that nitrogen oxides (NO,), sulfur dioxide (SO,), and fine particulate matter (PM, s)
emissionsexhibited similar temporal variation characteristics in relation to flight takeoffs and landings, with low emissions observed
from 03:00 to 05:00 and high emissions occurring from 15:00 to 17:00. The spatial distribution of emissions was closely related to
the airport layout and the approach and departure tracks, with high emissions concentrated in critical areas of the airport flight area,
including the runway, taxiway, and apron. The spatiotemporal resolution of the aircraft emission inventory significantlyaffectedthe
simulation results of pollutant concentrations, withthe effect of temporal resolution becoming increasingly pronounced at higher
spatial resolutions. An emission inventory based on a l-hourtemporal resolution and a 100-meter spatial resolution effectively
captured short-term variations in local emissions and better characterized the fine-scale pollutant concentration distributions
associated with airport operations. The annual mean contributions of aircraft emissions to NO,, SO,, and PM, s concentrations at
Jiaodong Airport were 4.21, 0.53 and 0.07ug/m>, respectively, with regional maximum values of 220.25, 33.46 and 4.69ug/m>. These
emissions were concentrated within a radius of 10~15km around the airport. Influenced by both meteorological factors and emissions,
significant seasonal variations in the contributions of these three pollutants were observed. The impact was more widespread in
winter; in contrast, during summer, it was primarily concentrated around the airport and its northwestern region.

Key words: large airport; air pollutant; aircraft emission; environmental impact; Qingdao Jiaodong
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Table 3 Performance statistics of meteorological predictions over domain lat 1km resolution

R B LS UL 348 SR MB RMSE NMB NME
K id (m/s) 3.77 3.36 -0.41 1.61 -10.77 32.61

e K ) 205.19 196.68 -8.51 60.73 5.16 19.89
HEE(C) 0.51 0.46 -0.05 2.10 -9.89 94.75

KT A e (g/kg) 2.50 228 -0.22 0.51 -8.61 14.88

HIH (m/s) 3.76 3.96 -0.43 1.69 -11.43 3435

K ) 168.31 170.75 3.85 49.20 2.30 17.46

e HEE(C) 27.15 27.72 0.57 2.24 2.11 5.68
KK A H(g/kg) 18.59 17.67 -0.92 2.67 -8.16 10.56
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Fig.7 The daily variation of predicted and observed meteorological factors
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Fig.8 Windrose of meteorological data in different seasons near the airport

NRFU AR CAT 6 35 BV HE O 1 i
X3 P 5 M0 R JSE I R 56 7 i P 4% B 1) X
S SR WL XA, 7 A AL A7 DX SsRAN ] ) =
ol G IO IABE U JEE DR AL AL, 45 R WP 9 Pios. i
SEIFSINE N B ARC NI S 7/E8 ) SR LU
(IPAEE M S DL ) S TR BB B AR R (B 9),5%
Wi 3 B o 1 DAL DS rhons 8 A 3L 10~

15km 35 i P9 Bl BRI DX 2 AR 38, =y %
W (AR B TR 14 5 B R R S TR AR A A B
L X3, N O, SO, il PM, s RS- 413K B 5Tk 4 2.96,
0.38,0.05ug/m’; 4 B B 38 &5 1 5km, 3P 9 J% w3 ik
I3 IFRAR A 1.87%1072.1.96x10° 1 2.89x10 *ug/ m’,
HH B DTkt TS . s Y i I T ik 1) ¥ )
SIAARARL X = HEBCREAE 2 DA O, 3L NO, 1)



6028

o

2
%

OB R

45 %%

R TR S v LA G, P s YRS S RRAT X
BAR(E 9). X Fh 2252 32 25 NOL AERT % 3 )

SR LIS %, 110 PMy s PR 5 5 B FLIC R e

R4 RENISERHR L XSRS E A SMILIAR

Table 4 Comparison of airport emission contribution to surrounding regions between TAO and other domestic/foreign airports
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Fig.9 Concentration dispersion trends
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Fig.10 Contribution of aircraft emissions to ground concentration of pollutants at TAO
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Fig.11 Spatial distribution of NO, concentration contributions

under different meteorological conditions
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