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479.8), (496.54209.3), (55.54+30.4), (578.6+267.6), (6.34+2.2), (3.3+1.5), and (37.7+19.2) mg/(km-veh) for CO, NO,
NO,, NO,, SO,, BC, and PM,;, respectively. The overall fleet emission factors were (634.7+477.2), (266.0+142.9), (26.4+
13.5), (302.3+159.5), (3.54+1.9), (2.04+1.1), and (19.8+12.3) g/km for these pollutants, respectively. During the observation

period, the average daily traffic volume on weekends was 88.6% of that on weekdays. Except for PM,;, weekday emission factors

for all pollutants were 1.0—1.48 times higher than those on weekends. Hourly analysis showed that the proportion of diesel

vehicles during the early morning was 1.6 times that of other periods, with pollutant emission peaks 2.0—3.5 times the daily

average. Fleet emissions exhibited a bimodal diurnal pattern, peaking during morning (07:00—09:00) and evening (17:00—19:00)

rush hours at 1.8—3.3 times the daily average. The findings provide essential data and scientific support for constructing high-

resolution dynamic motor vehicle emission inventories and implementing refined control strategies for vehicular pollutant emissions.

Key words: tunnel test; air pollution; dynamic emission factor; image recognition; individual vehicle and vehicle fleet.
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BIL Bl 4= HlE i 2 52 vl 3 T 48 AR R ) — SR
15 3¢ i (Llaguno-Munitxa and Bou-Zeid, 2023). Ji
fife T WF 5T R WY, B PR X IR E b L B M R
NI N L NP (P S O E S A i NG W
R (PML,;) (9 BTk % 76 8.820~37.4% (Zikova et
al., 20165 Gong et al., 2017; Li et al., 2017,
2020; Tan et al., 2017; AR Jp L 55, 2018; Wang et
al., 2020) , X HUHSE K = P9I 2 A ER = A
S5 IXBCR R R PML, 3T BR R O 4.200~48.7 (
Huang et al., 2017b, 2018; Feng et al., 2021;
Hong et al., 2021). HL 3 4= HF W 2 A A AL )
(NO,) (Lu et al., 2016; Zong et al., 2020) , —
A fk B (CO) (Lang et al., 2012; Liu et al.,
2017) . %A AL i (SO,) (Che et al., 2011) F1 B
ik (BC) (Uherek et al., 2010; Klimont et al.,
2017) iy 3 ZE STHR IR . Wu ez al. (2024) 48 1), 2017
4 2 8 iz i IR HE e T 3 PML; . CO (NO, SO,
FIBC /Y 5Tk 3, 42 3 5.9% . 16.0% . 31.6% .
2.8% M1 20.5%. AT, Xt F B 3l 4 HE ok < B
Yoy a4, 0 R A R R 2 o ) OC B
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B R R T EEAE AT XS LB A HE RO
TEIR T KA, I 500 B[] 23 B 520 AT (M-
Donald ez al., 2012; Yu et al., 2021; Yan et al.,
2024) ¥ T #) H (Jiang et al., 2020) , %] H (Crippa
et al., 2020; Huo et al., 2022) . ¥ 44 , F & 22 38 i
1R ECECIE 9 R BRI R B 43 B B R T s 0
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DR i 2 B BT A RO B (B 5T S R TR A
(2023) \Wang ez al.(2023a) BRI 58 #5261 T 4%
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PE R e PR 1) 24 T & B 25 43 B SR 0L Bl 28 HE O
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2022 ; Ghaffarpasand ez al., 2023) , {0 HAY GE 78 4=
28 3o Wt R Al R HE IR 8], 7 AE K A R
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Fig.1 Layout of sampling configuration and detail of the tunnel
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Fig.2 Interface and flowchart for vehicle detection and classification
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Table 1 Reference for pollutant emission factors
KR co* NO* NO," NO, * SO,* BC" PM, "
GV 0.85 0.05 0.05 0.05 0.02 0.006 0.001 5
DV 0.45 0.3 0.3 0.3 0.03 0.022 5 0.03
R 0.53 6 6 6 1.5 3.75 20

H Hi,a. COPERT ##4fi Gkatzoflias ez al. (2007);b. MOVES # #14i Koupal ez al. (2003).
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A 5% LR E 2 128 41 CO \NO . NO, \NO, .
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W& JC L 2 4= 3 2 i B Bodls 13 40 (0.6% ) L HE B
0N T AN OB ECYE 258 41 (12.1% ). 5 % B
WG A ROBPE 1852 41, o J5 Uf B ¥ 19 87.0%.

2 ZR518

21 BERNSERNHIEREINETL

UL 0[] 22 3 R AE AR Ak B0 W B 3a, Bl 3b
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TAE H B2 G (17 40543 107) 4,
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19 (37.940.8) % . b& 1 I Y 75 H 28 1615 5 ) 45 42
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bt #5  WR 1B 9 Y71 4280 (41.0448.80) km/h,
fE % R 3: 00 Bl fA (59.88+2.54) km/h, 7£
17:00 H PR AR AR (31.35+4.13) km/h. 4 38 A1 4 3%
a0 8 b 3 5 R 2 i 45 (2023) (5K A #9145 (2023)
FE R T2 5 B O B 1 AL sl 4 4 O AR R A
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(OO RO = LB = . s e O (= I 3
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221 HFERFEFEHHMEF CO.NO.NO,,
NO,.SO, .BC #l PM, ;i1 5 4= HE s A 7~ (1& 4) 53 51
(1 064.94-479.8) . (496.5+209.3) . (55.5+30.4) .
(578.6+267.6) . (6.3+2.2) . (3.3£1.5) M (37.7+
19.2) mg/(km-4 ). X bt HAth % 18 52 56 /9 25 51, CO
(9 HE WL PR T 2014 4F Smit ez al. (2017 ) 16 K H)
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BB HE T L 2017 4R ZE 08 3 5 B JE (Luo et al.,
2020) H F Iy E A A B K (6926 ~82%) 1 =i
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Fig.3 Diurnal variation of traffic volume and vehicle speed inside the tunnel during the observation period
a.b. FIARFTAEH 423 5 42300 5 A8 Ak s o od. AR AR H 42805 42 3 et AH DG 1
1600 BN % R, B HE A i ] I S A R T S G
= 1200 B HE i I F (Song et al., 2018b) g 34 i 13.8~
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111548 , 3% I 4= A 4= 28 A4 ol 2 %o B 3 552 6 79 Tk A1
TR E w5l b XY BR GE SE I A L,
2019 4 B B2 P10 AT 19 ML 3 4 B #E 4 Bharat Stage IV
O A e 1 [ TV B o ) T [ Jb B PRAT B Oy ™ A% 110
E VAR, X d 15 2019 4F [ BF #; 3C Eastern Free-
way W& 38 HL 3 4= 175 G HE R TR BESE E i T
13.6%~71.7% (Raparthi e al., 2021). {ij A 78 K Ht
T2 W T8 T 2017 4R 2019 45 ¥4 FF ' T g 1 X
S (Song et al., 2018b; K EZ %, 2023) , 42 [F]
i 3 /Y 76 E i (Huang ez al., 2017a) Fl'H & (A fif
58) BRI 5T 45 AL, L HE R - 52 B I KO- 3 AT g
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Table 2 Comparison of emission factors from different tunnel studies
b £ ARy CcO NO NO, NO, SO, BC PM, EEPEN
ik 1995  41.86 - - 3.88 X6 M5t B8 1 HE /N, 2000
[iE-3 1996 33.28 - - 4.60 X e 4 2000a
R 1996 28.73 - - 4.65 X[t FE 45 2000D
il 1999 15.40 - - 1.38 0.14 - - FAAE, 2001
Uk 2004  1.84 - - 0.88 0.13 Cheng ez al., 2006
ERE] 2005  1.89 - - 0.73 0.02 - - Chiang ez al., 2007
PN 2010  0.28  0.062 0.020 0.084 0.009 2 Song et al., 2018b
Braga(Portugal) 2013 4.09 0.61 0.29 1.18 0.005 0.133 Alves et al., 2015
I 2014 3.10 - - 1.29 0.020 7 0.082 7 Zhang et al., 2015
s 2015 1.80 1.33 0.24 1.58 0.025 Wang et al., 2021b
I ¥ 2016 1.84 - - 0.4 0.034 Huang ez al., 2017a
Kt 2017 0.28  0.062 0.020 0.084 0.009 2 Song et al., 2018b
[LiE-S &L 2017 3.88 4.31 1.56 9.37 0.09 - - Luo ez al., 2020
H M 2019 1.49  0.051  0.006 7 0.086 0.00 - - M, 2024
PNES 2019 0.41 0.080 0.009 3 KREME, 2023
Mumbai(India) 2019 1.60 0.147 0.012 0.044 Raparthi ez al., 2021
HE 2020 1.06 0.48 0.053 0.55 0.006 3 0.003 4 0.038 AT 5
e ROR TR g/ (ke )
50 12
b NO,
i 9
JEE/: 14
E 30 1
5 61
£ 201 3
M_‘
i
= 10 |20
= 10 M 16
] i L
0 5 89111213 16 0 4 56 7 912 13 15
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Fig.5 Trends in tunnel-based vehicle emission factors in China over the past 30 years
1 38 X3 it B A #E /N AR (2000) 5 2 38 X0 ER 25 (2000a) 5 3 38 X i BE %5 (2000b) 5 4 3§ FAf19E (2001) 5 5% Cheng ez al. (2006) ; 6 & Chiang et al.
(2007) 5 74 Song et al.(2018b) ; 8 i Zhang ez al.(2015) ; 9 4% Deng ez al.(2015) ;5 10 4% Zhang et al.(2020) ; 118§ Wang ez al.(2021b) ; 12 #&
Huang ez al.(2017a) ; 13 4% Song ez al.(2018a) ; 144 Luo et al.(2020) 5 1544 R Z 45 (2023) 5 16 P AHF 5T

JE T RGN 2,370 F 3, & s Bl H o
AR 1E L HE 7 K& K (Boroujeni and Frey,
2014 ) . AH & T 20 142 90 4E AR Y B% 18 52 56 00 ) &%
T (BT S A # /N AR, 2000 5 X EL 4%, 2000a,
2000b; FE A 64, 2001) , A #F 58 CO Fl NO, HE
TR T B R R B v 4 ) AT Gk 97.5 06 i 88.2 0.

K5 A5 T 1995— 2021 4F 3k [ JT 2 b i 52 56
AT HIHLBI 4 CO 5 NO, 5 4 Hi il 7 775 fb i #
7 TR HE AR TS i S R AR AL BB R
HACH P R B 3 R (Wu ez al., 2011) , B A4~ B 4E 4y

5% 45 AL (4N 2017 4F 1 23 08 35 B E ) 32 42 &t
BG4, HE P S R R R R AR 1996 —
20054F 1/ T (I bR py SC it sl s 1T RABERICE , CO
FINO, HE il [ 18 23 5311535 93 % 1 84 %%, 3% B T 5 B4k
T (>>500 mg/kg) %F = Jufi fb 5% {45 (three-way cat-
alytic converter, TWC)HEA I A RE LA, D8iHRIEA
SEHE(COZ A 1.8 g/ (km) s NO, 214 0.8 g/(km
) ).2006 — 2012 4% [ [l A5 k52t , 25k DV fin 4 &
A Ak 25 RSP 0 AR 40, O ] 25 4 A7 Vi B
(i & B % 150 mg/kg) , SE 8 TWC X CO 1y i 4L
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Ak, CO F NOx it ¥ #F — 25 B Ik 85% AN
88%. 2013—2017 4F [ IV . B V b5 #E 58 & DV
e ok B M L IR )R R 48 (selective catalytic re-
duction, SCR) , # 3l NO, M 2013 4F 0.227 g/
(km-%) (Deng et al., 2015) f% % 2017 4 0.084 g/
(km-%%) (Song et al., 2018b) ; 2019 & [F Vla i&
A S, A BE RT RE PRV R BT AR RS AR CO
FNO, 1Y HE i B ¥ i — 26 B 2 1.06 F 0.55 g/
Ckme 55 ) . B8 Th 81 & & 4F R OC B 45 1 48 AR, A
FOL/I B B BRAE 2 000 mg/kg , 3% A [ %= [
IV/V (#2014 4 ) 19 50 J5 &= 10 mg/kg , 3 7¢ [
VI By Bz (24 2020 4F ) £2 & 4k £F £ 10 mg/kg LA
BB SR R B ™ R B TE T
Bl 3 % SO, HE il I F A W F B X — o,
1999 4F 7 M RE iE ST 5% W0 A3 B HE ik B 7 o i
0.14 g/ (km-%5 ) ; B & & V/V 45 e il 5 09 38
Ko, 2014 4F B 2 0.020 7 g/ (km-% ) , B & 8 1t
85% ; & 2020 4F [ VI b 1 4 1 55 J5 , AS B 5% 3R
I HE s R i — 2P B % 0.006 3 g/ (kme# ) ,
AH FE 1999 4F F B T 95.5% , 4K BL T R 3 4R Ar X
B3l ZE SO, HE i 1 b 25 11 v .
222 MEBEFENEGFHBEF CO.NO.NO,,
NO,.SO,.BC #l PM, ; ML 5J) 4 2 BA & 1A HE il B 553
MR (634.74477.2) (266.04142.9) . (26.4413.5)
(302.34159.5) , (3.541.9) . (2.0£1.1) F1 (19.8+
12.3) g/km (&l 6) . A< WF 52 WL 00 191 18] , 42 BA h GV
di L e o DV, B R 4 T S Y Vb o
AW & 0 AR B ERIE T ST RY
0 HE i (Wen et al., 2023).
23 T1EBFMBERMBEHE R EF 3t

FE SOOI B Y JE R 9 H I R T H R
fIRT 11,4056 % T 3 1 B R [R) 4 5t , 4575 Je ) o 4
JHC TR 2 A R HE s DR 0 A Ak B R AR R
TAE H @& T R 1R 5 (3 3) 3K 7E CO 1 HE U B
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Fig.6 Fleet-averaged emission factors for various pollutants

R BT A A R R R R OR 19 1.48 4%
NO.NO, . NO, 5 BC [F#f 2 8 H TAE H B & F R
FOIE B, TAE H By B4 HE R 2 R R iy 1.0~1.2
i, PM,; 19 HE 5B - 000 2 30 8 K O TAE H 9 1.11
A T3 R PML R IR AR Tz (Tl . =
TCHLER DX S A% iy FAIL B0 22 HE AT ), 6T LE SR A 10T 1Y
BB T N BCHE T A& B, SR RE N P R R
PM,, ¥ J¥ (88.7 pg/m’) W ¥ & F T £ H
(73.3 pg/m®) , A I J& K PM,, HEC IR+ 89 FF & al
il U1 PR 52 26 e 0 ) ) A A kT SR v L
7T % 3 DA A9 SO0 5 A 5 X — B4 5 Hua er
al.(2021)F 2014— 2018 4F i & = A AL 5T 34 4> 3 o5
S B B H ROR 2 SRR 2R, TR H PML,
A FE RS A 500, R H W E 22%, i
NO, W JG i 3 28 fb 6 = F B . LK) CO .
NO . NO,.NO, . SO,.BC il PM,; H ji N T % K
TAEH & TR, TAEH /Y8 &H A F 55 5
JE TR 1 1.32~2.40 15 . Wang et al. (2021a) 3 F
CMAQ 4t BRI 3% % 4l 45 3 75 42 Jb F0 4 mg M
K@ mis ey EHEEKT T/EERY
M4, Hod PM,, 1 80 4 i 1T Gk 6.0 pg/m’.

®3 ITEEMBERETHHBETF

Table 3 Average emission factors on weekdays and weekends

ISR e A AL CcO NO NO, NO, SO, BC PM,
LR mg/(km-4) 1409.5 508.1 60.5 581.2 6.7 3.3 35.8

TAEH
AN g/km 757.8 252.0 28.6 288.6 3.9 2.0 17.9
LR/ mg/(km-4l) 720.2 484.9 50.5 576.0 5.8 3.2 39.6

JHEN
KN g/km 512.9 146.4 13.9 159.9 1.6 1.1 13.6
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Fig.7 Emission factors of different pollutants by vehicle type

24 BAGVHMEEDVHMETF

BT AN F BT a R, DV 5 GV (I
DIESE YD HEHE 7 2B 25 . DV NO
HNO, 9 HE A 5 73 51 38 2 703.22 F1 631.29 mg/
(km %5 ) , T GV W 73 5%l 2y 450.54 1 105.22 mg/
(kme#) . 5 Z A0 R B9 & CO B HE N 7, GV iy CO
Heik 72 DV I L9f%5, —FH P T CO HEiL
743 9128 1 159.05 5 613.61 mg/(km-# ) , iX Af
B2 B T GV AR T 8 3% R85 b A 1) R 5 38 T A
B s W IS B, R Bh LA T B T 00 YR IR 58 4
BEBE =4 CO By HE R8N . X UL 14 HE O B
DV fl GV ) 5. 42 3 ¥ PM,. HE it I 7 2 31 R
55.74 F1 2.79 mg/ (km-% ) , 1 BC /9 HEji B 7 DV
GV 43 51 4 3.31 A1 0.88 mg/ (km-# ). PM,, il
BC 1 A [ 22 #80 HE i 7 % b, A f e ) & A R
5 % F T UKL TS Y R A Ok

55 [ 4 A0 1 BIF 58 147 X H 43T, Chan and Ning
(2005) 7£ 7 W5 119 3 S80I 25 2 W #£ 10~70 km/h
EHEEE AN, GV CO HEMs B /& DV 1Y 3.4~15.5
£, DV Y NO HE R B2 W GV 2.9~9.1 % .
5K Ji 44 % (2023) 3 F Z on 4k A5 R R4
% Bk T S 56 v A R 2 R 8 R 42 BC i HE R 43 i)
H(1.5140.24) F1(56.9415.2) mg/(km-4# ) ; Tu ez
al. (2025) 75 — 25 B R 42 o L #5fe (3426~5620) Y
o T I R TE TR R UL, R AR R R A2 1 CO L
NO, #l PM, HEji BBl ¥ 23 51 2 2.18 #1 0.79.,5.64 F
0.18 LA & 0.15F110.01 g/ (km -4 ) , 5 54 4= %} % 18
CO . NO, Fl PM, , it 5T #k % 43 51|y 61.5% .94.8% Fil
89.3% , ¥yt & F A M 5% 45 R . Pérez-Martinez et

al. (2014) Yy % 38 6F 52 1453 1 NO, F1 PM,, (% HE 7 A
T M HDV (5 A7 76 B 26 R (R4 ok
0.79 F1 0.62) . A 5% 45 R 5 LUAE oF 90 45 SR 18 s
R ORERL Y 25 58 D I e HE R 2SR TR T
Z 1 PM A1 NO, HE5L . H i T A [\ & 3h HL2E BRI
18 AT T 00 LA B0 A0 28 i 4 SRR RE P, DV R 5T
ik PM . NO, i HE3, GV = 57 #ik CO i HE ik, B8
B RSB REH R EEEmERZ — .
25 BEMEMMHEMEFHIRETWL

Bl 8 45 th & /N 1 B A2 HE il L 7, CONO
NO,.NO,.SO, .PM,, il BC {4 F 2 8 {37 77 4 ik
TR AR 5 [l 43 9 Ry 528.5~2 636.7.273.4~1 002.1
13.8~123.2.,308.6~1 287.1.3.3~10.9.,5.5~77.7 Fl
0.77~6.90 mg/ (km-4# ).

XF Lb 25 /N B ML Bl 25 AN ) 35 G g 1 HE il PR T
LA B AN TR 5 4 ) i HE i B TR R
(0:00~6:00) H B & i, CO . NO.NO, . NO,. SO,
PM.,; F1 BC 7F i% Bf Be 80 19 fie 5 5 4 %) 2 | )
(7:00~23:00)FH{H K 2.5.3.5.3.4.3.4.2.0,.2.5F
3.0 iz AR 5 R IE N KB AT AR R AL AR
22:00 Z YK H 6:00 PN 38 17 1Y 52 38 48 i BUR A G, bR
N 0:00~6:00 1) DV & H ot 7:00~23:00 B B Y
L.64% , m HEAL Y DV FE 4 B o 3 i 45 1 A5 75
YLy B4 (R HERL N T35 (Yang et al., 2019). 1 X —Fi
%15 2017 4F Song et al. (2018a) 1 K HE H.28 H b% 18
AU 0 25 S — 3, %8 = (00: 00~05: 00) Af B NO |
NO, . NO, # CO By ~F ¥ HE il B+ 43 5 J2& H [a] B Bt
(06:00~23:00) 4 2.8.1.8.2.1 Fl 2.5 1% , Il ¥ J= I}
BO A4 P H R B 1.5 6% . [ RE , Zhang
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Fig.8 Hourly dynamics of per-vehicle emission factors for pollutants

et al.(2015) 76 MM BR VL BE 18 JF R () SE g0 25 R 5
AW 5E—F , PM,, .NO . NO, . NO, 1 CO 7£ % 2 I
B HE R T4 ) 2 H R B BE A 4.7 2.8 1.8 2.1 Al
2.54% s PEHG 45 (2014) T 2009 4E 78 b 5T A7 M 78 58 %
AL A5 2] BC 78 H 8] AR 8] 0 HE B T 5 51k
(9.3£1.2) F1(29.54£11.1) mg/(km-4 ) , th 5 A
8 R AL W /N HE T AR S R W) A
9 25 T HLh 4 2 DA S AR 11 28 /N Bt HE IR 7
X 4B KT L, CO \NO \NO,,NO, . SO, .PM,;
1 BC 19 HE ik R 728 4k 5 43 591 2 36.1~2 083.7
24.0~513.8, 2.9~56.1, 28.17~586.60, 0.2~6.7,
1.9~46.0 F1 0.03~3.80 g/km. 4% V5 Y ¥ 1) 75 BA 4& 14
i 7 B i 0 i B (7:00~9:00317:00~19:00)
BE RN W Dy A RO E Y 1.8~3.3 %, X H IR
B HET A TS 22 L 3R R AR Ak R A AR I
225 X AT R e W T Y R R AT R R A O R
R O HERCN TR TR A R R AR

It A Y B R KL AT B T AR HE R A L 6T
3238 H AR Ak 9 4 C B 58 b, Jiang et al. (2021) 7
B T A I 45 R R B, TAE H CO HC \NO, #il
PM, . B HE At 78 08 : 00 11 18 : 00 43 %Il H P W fi
& OF ¥ HE i K SF B 2.2~3.4 1% ; Wang et al.
(2014 ) By #F 5% [F] A £ W] & 8] 06 : 00~11: 00 F1
12: 00~17: 00 9 HF ik = 43 % & 4 K HF ik = 0
41.0% F1 33.2% , 1fi 00: 00~05: 00 I 18: 00~
23: 00 1Y HE A EE AL 43 51 5 4.9% F120.9%.

CO W ARfbka #4 d oy i 3, 76 7:00 F11 18: 00 1y
HEJ R 740 0K 8] T 1 487.89 Fi 2 083.69 g/km, &
A RSP HERCR Y 2.3 5 A1 3.3 4%, CO H BRI A
U P e g B ) P 4 T 3004 T R R O3 2R
HAK T 40 km/h) , LB RIR bR 58 4, 7F — 2 2
BB T s 0 B CO B HE B T G A A
2020) . P13 51 (940 B A5 22 A5 T 00 A 2 1 i At
75 gL Wy B HEL (Qiao er al., 2021) , 4 AR ) NO |
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Fig.9 Hourly dynamics of fleet-averaged emission factors for pollutants

NO, SO, f1 BC HE P F7E 7:00 F1 18:00 35 ) 15 {H
235 513.85.586.60.6.71 F1 2.69 g/km 5 481.4 .
519.32.5.08 1 3.83 g/km. Wang ez al. (2023b)
P25 S 3 B 28 E P B T A S R PML,.0, NO, 5
CO 4 24 HE il vie B2 9 15 4 &5 7T 3K 3.5 pg/m’ 1.1X
107°.2.5X 10 "H10.1X 10 °. NOE R W I5 44,
5 NO MINO, W28k e A7 AR 22 5, HARL K 7 1 (E
AR 7:00F116:00, 735135 56.11 F142.24 g/km. %
MG M Gantt ez al.(2021) 7 fif 11 3k 1y L0 45 5 — 3%,
BINO, 3 5 i 0 {5 (9 10°7) H 30 76 24 My i 7] 14
00~16:00. 4k, A 5% 1) PM,, 12 15 HE 55 H 7 78 16
ey W B B 5k 2K W W O A, 7 S R) A8 Ak A R I 2 HL TG
W 5 A, AS BIF 5 PML, SRS 22 Ry 1 h, B ) 4l
AN J2 AT FE 23 DAL e A1 Ak T T vk A R S B0 22
I I B W RAEAFAEA L HAATE B KI5 .
26 MHELHHABREFSEREXER

1 10 AT LA MY, 2 0 et 5 A [ HE il 1A 7 1 A

KRB HE2ES  BIEmME, ERE S0 EH
CHF 2 AR R RBIIMILT —0.40; 1 5
ZE A A HE R PR ) B IE A GG &R L o NO
NO,.SO,F1 BC 4 & 2803 T 0.60. H 44 I
T R BT R85 4 0 i A T B R 1Y B
T O K i G R B A AT sk
R, B R A5 R 2N i A T A b A B TR R
TR B ROR DI A 5 A7 B 1) 75 G W HE 5
e A A HE B BR - 0 T DR 1 SC T 4 Y 32
T P 1G0T A Ok Y SRAEON A B A HE O BT
U/ AR PR B R] Y G A R RO & S SO R TS
Py HE R T R B AR B P Bk B A A B T PR
o TG g by R R AR IR Ry Hb s ST G R
i 22 B0 B 2 g B SR AL Bh A HE OV B
[F1] 43 T 5 W LT3R T “EF X VKT 71X — i 3% (Sun
et al., 2021; Feng et al., 2023; Wang et al., 2025).
%05 vk BURE A B KO- B b R T e s g A R L
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a. FEBAREARHERL K 75 b S AP R

20 T HE R T A RN TR TR 4 BAZS A s R S
T Eh A E AL, T AR BOHE BN B B R G 2
AN T 20 7 v (IR S5 T AL L % 18 92 5 . PEMS 5%)
PUREAC 2 B R FE B AT 558 &k 2 7
FEPH B 25 5 B — 1 I A AR bR TV A B HE
719 85 257284k (Chen et al., 2022). vk, % 42 BA
F14) SIZ i, X0 000 ST 56 5 9% HE PR 22 3 B 25 R L G A2
BT SRR AL F R LA R, A
i, o Kk gR A B LR E . Deng er al.
(2015) JF 5 1y | 38 52 9 25 2R s B — 300 ~+3%
B b T A 4 AR B B N CO R HETCR A (1.266+
0.89)~(3.974+2.19) g/(km4#) Wi B — 6% ~+6%
0K P S TN CO M NO, HECH T2 3k
(0.75440.561)~(6.050+5.940)F1(0.121 £ 0.022)~
(0.818+0.755) g/(km « % ) ; 4 °F ¥ 42 3 2 10~
20 km/h i}, CO W HER P F b s 423 T s 29 50 %,
WFFEFH] CO FINO, 11 B A= HE il P i 3 f o o R
FNZE SR AR MG A eS| 220572 B A S Chrfin s B2 41
KT SERRAT R A5 ) X CO %575 G W Hl i B - 19 5% i) G
F X AT R R AR IF O H 3 S e . Kendrick e al.
(2015)7E 36 & — 3 1738 5% B I 1Y s il 25 R R A it
NO, B ¥ B 6 b i B fn 22 38 B A — M e bk
(NO f# R*=0.10~0.45,NO, ] R*=0.14~0.27) , T
B T 4% M B B LT A AH OGP (NO R NO, ) RP=
0.01~0.05) , 4 i fit B hy 3 295 Sl 46 br L (H A BB AL
FH 26 0 A A Sk HE DR B¢ s D4R B AR B 5
T2 R A |2 Bl 2 R RN S I A8 B 1 Bh AR
TEAL , UA$E T HE 00 B0 B 2 1k 5 R M

3 4Eie

AR BIF 38 220 X 0 T B S PN 1 S 3 U O S
DR T v BF 8] 43 B 2R AL B0 42 HE R -, 91>k A HE ik
5 PEAE VRSB T ML Bl AR HE R 1Y 43 4 LA AT

(1) i B8 09 HSF 3% 0 &t R (16 664+
2 878) i, b GV i bl , b 94.9%. & TAEH
If 5 G 2 1 L I e A Bl A, e e I B Y 4
T A K G P A Y L AT Ak (43.042.1) % 5 %
TE PN 2 I R 7 R AR R AR DG B R B,
IR AH & R B —0.42~—0.35,1H R* U K 0.12~
0.18, 3% W] 25 Uit o XoF 4 o AR Ak 1) ff B R B AN

(2) ARBFZE MM S H A CONO.NO,.NO,.SO,,
BC Il PM, . i B ZEHE IR 43 3112 (1 064.9£479.8)
(496.54209.3) (55.5430.4) (578.64-267.6) .(6.34
2.2).(3.3 1.5 H1(37.7419.2) mg/(km ) ; ZEBAHE K
HE i 1 43 91 R (634.7+477.2) | (266.04142.9) |
(26.44-13.5) .(302.3159.5) .(3.5+1.9) .(2.041.1)
M(19.84+12.3) g/km. 5 H AWF5E X 0, AL 3l 419
P M B2 TR HE B AR A Ak X B Bl 4 HE A I D
JE WA, M A 20 42 90 AR AR B B 5T A5 R
oy 15 Y W i HE B B T B R RT3k 88%6~97%.

(3) WL AR, R A H A2 48 TAE H AR T
11.4% , B PM, A TAE H A HERBCH + R A AR 1 1.0~
1.48 4% . B 18 PN B 4 ¥ G W) 328 ) HE T IR 1 5 IR A e
L H MR A IS . BEE N R 0 DV (L A i
[E] 9 1.6 % , 4515 YL W 78 0 J= Bof Bt 4 31 B 22 il 1R
5 i E 3 B A R E Y 2.0~3.5 4% ik &
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T 4 BN A 22 B0 A 1 23 0 HE 0 AR S 2 SE R L FE DV
di 3 & E, NO CNO, Fil PM,; 9 HE it 2 b 2 38
1R 4 BA Y e ) 38 I HE PR A B A R
FL e ey UG B 0 E Ol 4 R B (E Y 1.8~3.3 1% .
(4) o2 5 B HE R R 5 R G OC & i
5N ARHE B 7 R B B A G OC R, A R
B A HE i R 5 4R AR R HE TR 9 NOLUNO,
SO, 1 BC 1Y Pearson A 5¢ 5 8053 51| 5 HAK T —0.40
A BN PR & F 0.60 19 B 52, 3% B 25 0 it 1 R HE
p QSR R TR B LR T R = G O N R A T e ¥
by 52 e ) 2R A0 2 BkOIR AN L8 BRI R AR E AT AR OE
AR FE AT 1 HL Bl 42 HE R s B W 3 A
TR PRL - AT Ay DX v K R HE T o b A At RE Al Ak
P S AR B Y T R U R B HL B
B0 A A i RO AT Oy S 2 0 Y B AR A
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