¥$39% F3M
2024 4F 3 A

HhERT R
ADVANCES IN EARTH SCIENCE

Vol.39 No.3
Mar. , 2024

TR MR ZE LI AL BT TR R U HE TR i T 1 L [T ). MR R 27 3 R, 2024,39(3) £ 269-278. DOI: 10.11867/j.
issn. 1001-8166.2024.014. [ WANG Sijie, LIN Jintai, KONG Hao, et al. Comparison of satellite-based fast inversion methods for nitrogen oxides
emissions[J]. Advances in Earth Science,2024,39(3):269-278. DOI:10.11867/j.issn.1001-8166.2024.014. |

ETIDEEBRHR AN IHERIRE
BT

EIE&‘%},%%%*’%L

b
(kFRF WEFRRXAEEEHF R ABEE—ALFRE, LT

100871)

W OE A THREZAMER(NO,) & AARRE T2 &K, FI Pk FH R KF 55 (5 km
REFZ )0 LAY (NO=NO+NO,) B R, T A = A5 Fe bk s AR at | 40 500 HE A 3
o HA AR SR AR 6 ik BUE 7 ik, e 35 205 BB ATAR A RE AR A F2 PHLET Sk, 2 L R
MR AAE A AW, 2019 F A FRELR GRS F 2T LR 3FH E6 R
AR ,FREIN, GRS ES IR E2E RN TERER (AT EFEFHAREERR R
AR E BB L BT ETENO, R AF PN T 69K-F4rif, fhbeik 25 £ 2HHRILE
e 5 e He HARAE Ao 0 e S 19 A ; PHLET H 5 % & 7 K -F#riE (NO, & B AL R JE F2 NO, K A& 489
FEEREERAUR L ZRTRANEE &, ST HAA R A EA, KERDEIE A4 T ZHE
Bk Fo il ENOALF R EAE T R — TR HAABIR AT 258,

x #

FE S ES: P412.27 XERFRERD: A

1 5 =

R HERf i 23 ] KOF 43 B (5 km B )
B R E ALY (NO =NO+NO, ) HEBCE I & 25 S B f
PR HEIR TS B 56t . B ar & A AL HEL Y
itk FEAREA W B A B IR A
T R HE R B TR T S S Y HE O S A 2
U A P GE T RS AHE R 7R R R IR
B N E 53 A SR AR SRR 2138 1T 48 9 sl B 58
G HE T A A B 3 45 23 ) A DA AR AR A S AR HE
BARAE . 2R R AHE R R T B0 ) B AU B
FE PR 29 T HEBUE 50715 10 53 HER R PR 2
Mo TERI PR T A TORIME LR B B

iR B #1:2023-10-14; 1€ B H #1:2024-01-23.

W T2 &R RAAY M BRI R
NEHRS:1001-8166(2024)03-0269-10

TG RHER A . TN B HECE T
REist IR T F 2 B EHEROE

H 20 t20 LK, P 4 e ) TR I8 IR R OK
SIS RIS MR AL T E A ER F B
PRI T TR R A 2 A X 2 AL R(NO,) TR
B MR B CF SCRARRE VR B ) B0 (45 3 i T Hh
S NO, FHERS R T RE . NO, HEHU 15 Y i 1L
AT R HE R " 4 NO,, NO, #E A K &5 i A
WA 2 i B S T NO, KRR E 23 (8] 434 . NO,
IS 35 A D N O, A e B R A i A T Ay
1T NO, HEi il . NO, 4% NO FINO,, (H2 % T
NO 5 %Ak M NO,, I LA T2 WL 21 (1) A NO,, &
AL T NO_HERC T AR LA NO, 5. R4 NO, HE

* BEETE : FR A RBIEIE S (5 :42075175) 355 0Tl IR A R E 2 20T 5850 H (465 :2019QZKK0604) ¥ i .
EE T/ ERA, LA, FENF R HUZ BB . E-mail: wangsijie@stu.pku.edu.cn
FEEEE AT B, FENFE KA DA RIRA S AT ST . E-mail: linjt@pku.edu.cn



270 M BRBE R

539 %

BT VR T )R M it & OF i (Local Mass
Balance, LMB) % ", WA 25 j& X 35l 2 [B] (1) 75 YL
Bk, DRI o S B AT A 1 e o PR R R S v 2
T =4 RS AL B AU 1 S 7K 2 8 I A D 4 A
SRR T3 e - B NG W 15 S | B e
SUREHIOP AT R (EN ST AP A ¢ L i N =Y )
BRI S EOH A AR & 1 B2 KPR 232
BT KA A iR (Miyazaki 55 fdff FH 19 2.8°%
2.8 MIROC-Chem, £ F 23 HURUEE 5 Qu 25l JH]
1 0.5°%0.667° ) GEOS-Chem , %+ /2% HL )UFE ) , M
DSBS R DXl ) P i 0 B B HE SO R

YT RGO, ARG Y T AR 2 2 T A A
RU AR AR BSAS PR 2 18 7 15 o XS RS e NO, HE
TR 1) R A i % o AR AN AR v A 2 i B AT T
ANTRVRR BE ) faT A, L e o B R A 2 T = et
RUR DU A AR 53 AR G R IR 2 8 7 12 1% L 200
ey Hod 3R R AT AR — R E s T
—3& B FEA0F 9T B (Max Planck Institute, MPI) JT & [
8 % & IE & W AL & (Exponentially Modified
Gaussian model, EMG) , H At B AS[6] XU 1% o0 T
5 U] 8 NO, A e B —4E 73 Al (H NO, ik B 2%
JE ) RIS $57 XGE , X7 5 8 3 NO HE AR < A i
PEATAR T AL g T 2 A K
T b B DX 3k T A AT R B A A R Y NO HE A
T B IR AIIR A, EMG AR R A T — sl AR
Ao BN, Valin S0 005 T KU 85— F B
(] JXL 1) (%) NO, AE Vi FE AR AS , AT BT 47 Ml 47 5 AT Ik
J& 5 IR /N G 2R 5 Liu 252 ) FH XU (XU /s
T2 m/s) ) NO,AE MR B 1 25 8] 43 A A NO, HE il 2
] 53413 (0 22 5, B 3 2 1 B AR A TR B A HE
VR T . 2 R S MPLJF & 1 1R A58 7
(Divergence model, DIV) , HEEF i &<y e 5B, {7
SE S XN 1 NO, KA A3 i o LR w5 0, IR AR 48
TR NOI AR £ 2 H 15 NO, Jr 7K P
O, DN B 3 A5 B HE L A A . DIV LA
EL B 7 FH T R AR IR T ) NO HEOF G > 4Bk
PP ) B B 4, R AL R R
) PHLET (Peking University High-resolution Lifetime-
Emission-Transport) -7 , H2% & — B i (] o (f51] 4 32
2 )NO, M JE 15 NO, R B9 25 0] 73 A1, ZRAE 1 )R
FRLMEAL A BER NO, KA T4 A 52 e L K 7K -
% VE T, A H A B (adjoint) B 3L 528 T NOHE
JiC 5 KA FE s (8] 434 i PR 52 . PHLET 5.
VA O HT T 1 B 11 X5 kem 3 BE AR A NO,

HEO i a7 T E HERORS 4 28 [ RRAE DL S HETR
BB AR 22 N R HERCIR'™ I R T 75 98 = A
W 25 A AR IR HE . BRI, X A 3
Tl ok B T3 R B 6 FE AR 9 a8 4 Bl =

ARSCHET 2019 4F 5 25 T HER M X B0 | A
YT T EMG . DIV HI PHLET 3 3 Ffrbe i f2 18 7 219
R IR T ARG AR

2 ¥

2.1 XHEENO,MHIREHIE

2019 4F 6~8 H HUHE B ;L X (113°~120°E, 36°~
43°N) [ X 9 2 NO, ¥ ¥ B B4 ok R T 3 F
TROPOMI T3 2 il 5 ) POMINO-TROPOMI v1 =
i e AT PR RO B, AR SO T3 B TR A
(Level 2) #F47 T i 3% , 2% B& 24l 2 & {H (Quality
Flag, QA Flag) /N T 0.5, TL & K Wi fi (Viewing
Zenith Angle, VZA) KT 80° . = ## 4 7 54 (Cloud
Radiance Fraction, CRF) i3 50% S IA NG+ BE
(Aerosol Optical Depth, AOD) kK F 3 s & A vk T
B PR R U R ROt A TR LRI
544 0.05°%0.05° 45 [A] 43 HE AR 1 I A%, FRATTR T T
— Bt RAETTIER R 2 K B TR kg R s
[E157 21 e S R R 9T AR i ) |0 ' I I S = -
ZE 41132 H NO,HE MR BEAS i AL B

2% & 3| TROPOMI NO, ¥ ¥ FE 7776 R G5 AR AL
AR FRATT 2 2 i A A B 3T OMI 4
#% POMINO-OMI v2 J= i (1) NO, # ¥ B %54k , Xt
POMINO-TROPOMI v1 4 47 A %% . 7EHF5E X
B, L) 0.25°%0.25° 1) 25 1] 43 HEFEXT 2019 4F 6~8 J
i) POMINO-OMI 4l POMINO-TROPOMI ) NO, ¥+
B B EA T AR [R] 3 BRI EOR AR i — 2D X 2
BRI TN A ILA 50 R BEE N 1.08,
R A 0.29%x10" molecules/cm?®, #H 5 & 200 0.94,
Bt J 5 A A5 4 [0 U5 5 2 1 FH 21 90 4R 19 0.05°%0.05°
2% ] 43 ¥ % () POMINO-TROPOMI A1 ¥k Ji %5 5 1F
PR MERE . VLTS NO AW Qi 1 FR .

A H X2 NO, = BRI T A B AT CHLAY NO,
HEl L Kb i NO HE LA e iz f . FE AR TRIX,
AR 25 NO, R AL T U0 b 1) NO, Mk B {1 H A iy
WK, Hom s W BK, 25 8] 7K 3 A 3, BT DA
POt T H A X . NO, S H 250 T
T M i NO, HE AR fb g iz = PR e R AT AR i
3PP A R AR E X ST TR IR A
F:B% . PHLET %53 3% £ 0 50 DX 38 P9 T A5 4% 5519



34

TN T TR R A A HE R PR S 3 7 3k LA 271

116° 118°

120°E

42°N

40°4

38°

3601

116° 118° 120°E

114° 116° 118° 120°E

< i [i 36°
114° 116° 118° 120°E
0 1.0 2.0 3.0 40 5.0

114° 116° 118°

120°E

42°N 42°N

36° 1360
114° 116° 118° 120°E
114° 116° 118° 120°E

42°N

40°

114° 116° 118°

120°E

60 7.0 80 9.0 100

NO,FEH ALK EE/(10' molecules/cm?)

1 POMINO-TROPOMI vl NO, EH iR E#F
Fig.1 POMINO-TROPOMI v1 NO, tropospheric vertical column density data
(a) FHHETT 5 (b) AR 4 POMINO-OMIZIHR L S5 5 () 7 (b) HEAll_ J:BR# 5HH (PHLET 5322 5 (d) 7 (b) REAll_L J:BR# 5 (DIV J5i)
(a) Before adjustment; (b) After adjustment based on POMINO-OMI data; (¢)~(d) Similar to (b) but with NO, background
removed based on the criterion by PHLET (¢) and DIV (d)
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Table 1 Comparison of PHLET , DIV and EMG fast inversion methods
SHEE PHLET DIV EMG
it i) 20194F 6~8
X 3 TUHERE X (113°~120°E, 36°~43°N)
o POMINO-TROPOMI v1
PR (VZA<80°, QA_Flag>0.5, CRF<0.5, AOD<3, JTikEE %)
RGNV y = 1.08 + 0.29 (Fifii: 10" molecules/cm”)
- TR DX IR v B BB 0 19 4313 % (1.17x10" TR DX Sl VR P BUAFL Y 5% 4313 %(1.22%10" R D A
AR molecules/cm®) V15 S8 2B molecules/cm® ) {E J 15 S {H F=BR REER
NO, KA FHfir K KA 5 5 HE R P R B A —TE LA E
[NO,J/[NO,] [ Y7 4 0.76!142! 0.76"
TR % — B[] A A9 S 24730 k0 RN SR % H 7Kl E 550 = 43 A
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Fig.2 Spatial distribution of average NO_emissions in JJA 2019
(a)HEERLAY (DIV) S 25 5 5 (b) PHLET 3895 By S 45 5L ; (¢ )NO HEHGH 5 Ay 26 %) 25 5 (PHLET 9 DIV) 5 (d) A\ H %5 B CRE A &)
L E R TR 2% ORER)

(a) Inversion result of Divergence model; (b) Inversion result of Peking University High-resolution Lifetime-Emission-Transport (PHLET) ;

(¢) The absolute difference between PHLET and DIV; (d) Population density (colored map) and highways (gray lines)
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HEFC LG DIV 3 9 HE BT 34 75 0.85 kg/(km™h) 5 7
AU 5 R 125 T e X ek, A A R A AT 3k
9.29 kg/(km™h) [ &1 2(c) ], 7EFHE4r4% 5, PHLET J2
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BT F 35 14 NO,HE B9 23 (8] 73 AR TR A IR, &5
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Comparison of Satellite-Based Fast Inversion Methods for
Nitrogen Oxides Emissions

WANG Sijie, LIN Jintai’, KONG Hao, ZHANG Yuhang, XU Chenghao,
LI Chunjin, REN Fangxuan
(Laboratory for Climate and Ocean-Atmosphere Studies, Department of Atmospheric and Oceanic Sciences,
School of Physics, Peking University, Beijing 100871, China)

Abstract: Satellite-based fast inversion for nitrogen oxides (NO=NO+NO,) emissions at low computational
costs and high resolutions (<5 km or finer) can provide timely, detailed data to support targeted pollution control. To
date, a variety of low-cost fast inversion methods have been developed, such as the Exponentially Modified Gaussian
(EMG), Divergence (DIV), and the PHLET (Peking University High-resolution Lifetime-Emission-Transport) models.
However, quantitative comparisons of these methods and their emission results are lacking. This study compares the
above three inversion methods for the Beijing-Tianjin-Hebei region during the summer of 2019. We found that the
EMG model, which was designed for point source emission inversion, performs poorly in Beijing-Tianjin-Hebei due
to dense emission sources even within each city. The DIV considers the horizontal transport of NO, with a
predetermined (fixed) lifetime and can quickly identify the locations of emission sources; however, it tends to
underestimate the emission amounts and even leads to negative emissions in many places. PHLET algorithm considers
the horizontal transport of NO,, the nonlinear relationship between local NO, concentrations and lifetimes, and the two-
way matching between irregular satellite pixels and regular model grid cells, resulting in more reliable emission
estimates. Filling in missing satellite data through data fusion, improving wind data resolution and accuracy, and
improving NO, chemical loss estimation will significantly enhance the quality of emission inversion.

Key words: Satellite remote sensing; Nitrogen oxides; Fast emission inversion; Beijing-Tianjin-Hebei.
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