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Air Pollutant Emission Inventory from LTO Cycles of Alrcraft in the Bﬂ]lng-
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Abstract: Based on/the International Civil AV'1at1on Orga,mzatwns standard emission_model), this survey collected the actual ﬂ1glﬁj
conditions of thé-nine [dirports in the Beijing- T1anj1n Hebei airport group, fully (on%uléfed the 1mpéet of the height of the atmo%pherle
mixedlayer, and revised the operating time usmg the US/Environmental Protection Agency method to accurately estimate the 20182019
sh1pp1ng season (364 days) landing and| take-off cycle (( LTO ), air, pollutant emissions Tist for Beijing-Tianjin-Hebei airport group
a1rcraft The reqult% show. that“the total emissions of N0y, €O~ SOZ__,,- HC, and PM in the LTO cycle of the Beijing-Tianjin-Hebei airport
group'in the, 201822019 season are 10 720. 5,3972. 2 407 8- "508 0, and 53.7 t, respectively. Within these, the winter and spring
season emissions are 4290.2, 1646.7, 168.3, 220.1, and 22. 4 t, respectively; and the summer and autumn season emissions are
6430.3, 2325.5,239.5,287.9, and 31.3 t, respectively. From the perspective of spatial distribution, Beijing Capital Airport is the
airport in the group with the largest amount of air pollutants discharged. Regarding time distribution, the highest peak is at 07.00-
08:00, there is a medium-high emission level from 12:00-20:00, and the emissions are relatively low after 21:00. The aircraft emit
more NO_and CO in the LTO cycle, with PM accounting for the least amount of emissions. The discharges of different pollutants under
different working modes are significantly different. Of all the aircraft in the airport group, the B777 unit LTO discharges the most
pollutants, that of the B737 is the least, and the B787 unit LTO circulation HC is the lowest.

Key words : Beijing-Tianjin-Hebei ; airport group; landing and take-off cycle; air pollutants; emission inventory

A 3z ol SR R R AT ey i BRI 2
— BLEH4 | A A RALAE A T R IE AR A Y
(7] Bsf 7 A= Z2 AN (] 28 B Y KT ey, B0 A — o
JE F S0 AR BE R AR ) Y ai, RAE
HLIZEAE T i 48 K sh AL, HERL B9 75 B W L4 NO, |
HC, CO. SO, Fll PM %50 MIXFF 55 a3 d At B BE
TCHLTE Hb T A2 K 25 Bl 0 25 (landing and  take-off
cycle, LTO FEH) B Be BT Fy g i) A 1 5¢
W] R AT AL BY I B2 AL X e 32 2 Y R
RN B 3 SRR L7/ Hﬁ‘ﬁﬁﬁﬁﬂ’]%ﬁiﬂﬂ
HH B0 R ] 8l o o AT 5 (g P REE . P94
BEXT R CHL R AT G %ﬁFﬁilﬁﬁﬁ%TKlﬂﬁf
AT , Song 2112 Winther 25530 Turgut L [14) 4

5 [ 55 M I BRALZ (2012 4F) | FFE2 BF ARG AR
FEIBRHLY (2015 4F) A4 B H B K2 24 7] (2017
) RHLR AT B W HEOE B kAT T35 IR
ST 2016 A 1 AR E BRAILZ A s A HE O B i
09T, ExT 2 LL 2017 4 0 FE 4 K =
F X AT RAL LTO 16 8 KA 75 G 4 HE R 5 ik
1T THF5E.

UEAERE | mHEEE M X R 05 G 7 B AR R A
H il Rk 40% LA I 3 T4 = A N BR = ff 45 b
iR BEA: 2019-08-23; fEiTHHH: 2019-10-12
EE&WA: EHEKHAPAIEGIUH (U1933110) 5 KEETT H AR I

x50 F (18JCYBJC23800) 5 M e i AL AR 55 ¢ &

T (3122016 A012)
(1982 ~ ), 5 P Bl , EE T A RR

N %ﬂ)LETPEFL‘IE E-mail ; hanbo@ live. com

EE BT



1144 o

X7z X AT 9 A RATE LY, KI5
ey HE R B, B R, 2018 A B
Rt sE R AR o 15T A AW AU TR =
FMLIHE, 7 8 3R = UK ML B A — 47, Ho, b
U AR E PR ML IR & Ak i 1 AR, TR E
WAL E AL BT, 9 B2 5 ot S X L B
YRk | HEAT ML LTO 6 38 R 75 4 M HE i i
AHEHTIE.

ARWFFEEE T ICAO FRifEHEBR Y, 25 KR
B2 R X TRHL LTO 3847 i (8] FN5 e HER A 52
BOE T T EBALIA RE 2018 ~ 2019 i
AR RS G HE S B R 2 B TR R L AL AT
YERL 22 5 I X IZ AL B T Y W HE iy B 28 43
AT THEFE, B A6 R o mt S b X A BE 28 R
L EAK .

1 #B57EE

L1 5SS ] .
ABFIEY DI s HESEHLI 9 A BB AL

Bl 0P 1 AR LA ks ﬁ%ﬁm%(PEK)

jb?r‘ﬁﬁm%(NAY) PNERY ﬂm%ﬂsw E%
EElE/‘TEmiZI(.‘SJW)_ J L = AL (TYS) 388
f&%:m%(HDG) 2R 5 B ILEITALIZ(BPE) § KR

?m%mmmﬂ%%mem%@@>uﬁcﬁ

ﬁﬁﬂ%mL%ﬁEﬂnKMWEﬁnXT% /Elmfﬂ’]j’i
YEMLRE NO, JHC., €O, SO, Fl PM, s
R T [ RAT R 48 ¢ T2 4] 4y, AR 3 4
F R ATZ , A SCIF 5T FEMESE A 2018 ~2019
WA, it 364 d. Horb 4454 AL SR 2018 4F 10
H 28 H %2019 4E3 30 H,3:4t 154 d; ERiZE
2019 423 H 31 H £ 2019 4 10 A 26 H, 34t 210
d. JbAh, FEILAL% 2019 454 A1 HES A28 H
5L, M A2 TR B R 306 d; FE8EAL% T 2019
9 H 29 Ela‘él‘ﬂ ZMIRAFB T ] Ry 337 d.
1.2 ST YY AR
K H ICAO BUE RS NO, . HC il CO X 3 Filys 4
YIHER R T, Je 53 T 55452505 G W e ke shipAS

[ TAERICT B e, SR G A 2RI
SHECE. THEA U PR,
E, ZNFF EI, p,)x60><n><k(1)

K E, i'%/TLyc{b‘ WAE m TAERIH A HEL
H(g); N, R L EBFENLIARE j R R SV B
(5); FF, 2R j BURSHAE m TAEBIT R
HAER (kg - s7') 5 EL, &R j BURSIHAE m TAE
BN @ RIS W R 7 (gokg ™) 5 1, RR

B 41 4
N -
1:8 000 000 N
A
AR T HLI
=
e R e
o
JCATEALE AR IR B
39.92° |-
= ==
o U= LTS
A AL st
<
R L
AARIEE AL
v ele
3660 1= 7 s 4B
e
1 1
114°47" 1 I‘J°§9' E
F —
1 #inxERE S

i
F].g 1 'Research area L

.D"

ﬂ?;zzjﬂfmi m Tf’E*J%T?E’JTVEHTIETJ(mm) inl #%
/Téﬁfrﬁj“fxwm 3 B0 6 5 k i‘érxﬂ” ﬁi
Z ) S RBL i -4
FEMRGT K B SO, E’JHFJJ&%E@%?&L Wu&aﬁﬁ
BRBERCR AL AR T i e ARBF ST SO,
ﬁlfﬁﬁli*ﬁﬁ%ﬂ@ﬁ%frﬁ.
1.3 kit
K —Br L Bhi% (FOA3. 0) , FlH & shiL it A g
NS MR LG A5 00 Sl Ak A L0 4 P TR ) AN A 4 e P
KL R HETCRS 50, AR HE S HE R . BRI DL &
AR TAER 5 PM A HER .
Elpy. =6 x EIL,. x 107 (2)
Ely. =3 x10° x FSC x A (3)
Elpy. = 0.694 x 107" x SN"** x
(0.776 x AFR +0.877) (4)
Elpy = Elpyg + Elpyoe + Elpyy (5)
FHT, Elpy, o, 27 45 & M URE ) A HLAL 23 HE S £
(g-kg™'); & FIR Ely.,o M ElL B 0] & %
(mg-g™") K TET, HE AP AT A B
Sy9IA 115, 76, 56.25 Fl 6. 17; El,. /R & FHL
HC HEBCIE 8 (g-kg™") . El,y,,.. 2878 35 KR 0k 9
SRS (g-kg™") 5 FSC Fnfias Bk
e, BRIA N 0. 068%; A R & SHLIK I Y 5
HALSCR R R AT BRI R 0. 033, Elyy,..,
FRARHE R URL Y 4 5y HERCHE 2K (g-kg ™' ) 5 SN
FR R ANHHEIREE , T 40, LA ICAO & shLHE



3

BHIAE . sUHETHLIARE €L LTO KAT5 YW HEOE #

1145

HOERIZE™ s AFR R & s AR TAERL T
sk b, o, e 6 TeFt | JE T AN TR
B EE 250 45, 51, 83 Fl 106.
1.4 RE)ZEEBEIEARA

ICAO Bl RALAIE TR, 2R e k2
WE FFHEIRSIRA)ZE (FEE R 915 m, 3000 fi) 1)
15 B HSEPRZE AT IR A 2 R B S R ] | Mo s
DL GRS R A0 ICAO FLAE 1 915 m
0 BE T 2 = A e K AR 25, AR S0 e B T B AL
L IX H i KR A 2 & TR, 2RI
BN 1 FiR.

AWFFE R A EPA J7 A& 1E 1CAO #LE et |
IS BIEARIT .

152
Japp = tj,app X “L762 (6)
H
]},c/u = tj,c/o X (9TMﬁtj . (7)

A, T A

> 7 J,app

T FOREER R P O
FINETHBr BE S bRz AT IS IA] (min) 5 g7, A1 07y, R
ICAO FURE ML deE 3 AT S % i ], 73 5l 470,
min F12. 2 mip’ HMLE'%K}?i@ﬁm%ﬁﬁﬂ%'%’ﬁ
Hﬂij({w a Té’?f#("m) b -‘/ "
1.5 | H¥ 110 PRI E i
RSO A Ve £ u,ﬁﬁ%ﬂu#‘fmﬁ
@(ﬂn@ SYRIEEU3 dGEiT & B 3 AT L0 ﬁﬁﬂ
M, ﬁﬁﬁﬂéﬁﬂn H ¥ LTO iR AL, ,ﬁw
FATFALIN 2019 4 1 A/ 6, 7 F18 Hit éﬁfr

R ZEEEL 2019 4E 4 H922 ., 23 F124 H. 4h,
FE L B AR B T30 0 B [R50, iz i =4 it
] 2A7 2019 45 H 29, 30 Al 31 H.

x1 FEENGHASAREESERER
Table I ~Maximum mixed layer height of the Beijing-
Tianjin-Hebei airport group

FE/m .
i Fe=s oS ®Z L= ik
b 1254 1200 1100 1084  [21]
K 1168 915 915 915  [22]
Fap 4:8 915 915 915 864  [23]
FELL 915 915 915 915  [20]
5 915 915 915 915  [20]
ZEEL 915 915 915 1136 [24]
TR 1247 1247 1247 1123 [25]
KE 900 900 900 900  [26]

2 HERE5HH . o

2.1 {SRPIHEGE % o A

2018 ~2019 ﬂnéﬁ.,a/ﬂ%ﬁm%ﬁikmﬂo 1§
HRA A5G %ﬁtﬁi(ﬁ$1+§ %ﬂui’%zﬁﬁw TJ,@
m?-ﬁ":i&l: %ﬂ% LTO f 2 ' NO % co soz\
HC Al PM E’Jﬂné@ﬂk)ﬁt,u iéa\%ﬂjvlono 5.
3972.2. 407.8 . 508. 0 F153.7 . Hid g KETEH
W 4 9 904 2902411 686.7 . 168. 37220, 1/A
2.4 v; HRKALEHERC 49 56 4303, 2325.5
.039.5 . 287.9 F131.3 t. iZHLG BEHER Y I 5005
m%m NO,,CO 2K T NO, Bi5 9%, HC . SO,
F1PM A HEACE A X D

R2 2018 ~2019 MFEFREHIHH CH LTO BIRKKTRMHHE
Table 2 List of LTO circulating air pollutants from Beijing-Tianjin-Hebei airport group aircraft during the 20182019 season

4F LTO fE3 KA Y HER

b ¥
i e BE/R NO, co S0, HC PM
Jene A EHILG 289930 7995.2 2597.6 306.2 351.1 38.9
- b r SubL 21 100 645.8 151.7 13.9 15.6 2.1
PNE KEEEIGHL 76 913 1250.4 706.5 52.9 91.7 7.6
HREILEENY 42 803 674.5 409.7 28.1 35.9 4.2
M85 2 Sk HL7 3591 66.0 40.2 2.5 6.0 0.4
WL JE L =L 1 848 19.1 18.1 1.0 1.9 0.1
TP T HL 1559 24.1 14.8 1.1 1.8 0.2
Z2 2 B At 2236 26.3 20.9 1.3 2.3 0.2
KR O T 1125 19.1 12.7 0.8 1.7 0.1
it 441105 10720.5 3972.2 407.8 508.0 53.7

2.2 Z[agAn A X I BRI 65%, 4515 Y W HER R S HEAE B 07,

K2 frs b st EE R AL BERAL LTO E 3 KR
15 Y HERCAS 18] A0 A 1 0. 4575 Ye W e HE RS B b
A FRTRI B %, NO, HE & A X e /5, CO IR Z,
SO, 1 HC HEff &40 2, PM HE ik &40 % % 0. & 41
Vet 22 5 . AU at i LA AR LTO 1§ 36 S i

5 Fh5 G Wy HE i o % CEUR R RY B R T
65%, Herp,NO, 1 S0, i lLHT 3K 74. 2% 1 74. 9%;
KRHI AL % X kB2 9L, H5

SZk: 3 g UR VAR B IV E%EIE;&JL%%MI:%%
SEHLEIAE LTO (63 EAb T 25, 35 Qe il e



1146 ® o B % %
SRR LN R R RN ML
L 3 " P
L] [ ]
U 1 it mig. ©
4550 84 db i L S5 S SRR LS
; L) °
TR W= i L
Jest ik LG @ et S L A .
Fi LG KR
F RS WL LR b
= ]
NO,HEHCbt COHER I
2500 = g2k 1000 = 2
. = et . = EH
IR 14 5 HLb s #HT BB 2 3 L » HHT
° w i ® w il
-:r:‘skl.lmmm MRS siz's:t:mms REWTE ﬂ:sr:mmu&-- p——
wirmius ® ETC LT tactimiuge ®
255080 Jb T WL 2254 8 Jb WL L A 0 S WL
£y ) b
* Wl = i L * N 1 == e LA * Wl = i LG e
eV ET ] - it b d b L .
R L FiREAHILEG Fi AL e
1 I L TR IEIE AL F I E B 2
3 SO it/ 3] HCHEHit b ]
100 100 PMifiLiit/
L] E‘E [ E‘G 20 .l
® &t ® -t . fest
" HHT i » {HT . i
144 4 L LG > o b 4 55 S FL I o i I bl it
™ ™ ° u kiR

B2 FEEVIGE N LTO BRASSEYHRZE LA

Fig. 2 Spatial distribution of air pollutant emissions from the LTO cycle of Beijing-Tianjin-Hebei airport group aircraft
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Table 3 Comparison of LTO cycle emissions of atmospheric pollutants in the Beijing-Tianjin-Hebei
airport group and other studies
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