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ABSTRACT

With the acceleration of industrialization and urbanization, air pollution has become a severe
environmental issue in Chinese cities. The vehicle exhaust emission is one of the important sources of urban
air pollutants. Since motor vehicle exhaust emission and its diffusion process take place near the ground and
are concentrated on the roads and other places where urban residents are active frequently, which poses great
threats to human health. It is crucial to conduct quantitative assessments on the health risks of urban residents'
exposure to air pollutants.

The distribution of urban air pollutants with high spatial and temporal resolution is the foundation to
accurately assess the exposure to air pollutants. The distribution of air pollutants in cities, especially at the
street level, has significant spatial and temporal differences due to the non-uniform distribution of emission
sources, meteorological conditions, topography, urban construction, and other factors. This makes it difficult
to obtain fine-scale air pollutant distributions in cities with high spatial and temporal resolutions. To solve
the issues of low resolution and poor accuracy of existing motor vehicle emission inventories and urban fine-
scale air quality simulation, this study proposed a method for the development of high spatial and temporal
resolution motor vehicle emission inventories. Based on this, this study coupled regional and street air quality
models, and implemented a fine spatial-temporal simulation of the air pollutants at the street level in Kaifeng
city of Henan province in China. The main results are as follows:

(1) This study proposed a method for compiling the urban vehicle emission inventory with high spatial
and temporal resolution. An intelligent sensing prototype system for road motor vehicle activity level was
developed based on GeoVideo, which implemented the intelligent sensing and recognition of vehicle activity

levels such as traffic flow, vehicle speed, vehicle type, and others. Then we developed vehicle emission
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inventories with high spatial and temporal resolutions by the combination of high spatial and temporal

resolution motor vehicle activity and the vehicle pollutant emission model VEIN (Vehicular Emissions

Inventory).

(2) The temporal and spatial characteristics of vehicle activity level in Kaifeng were analyzed. The

activity level of vehicles in Kaifeng was identified and analyzed by the intelligent sensing prototype system

of each hour during one week. We found that the traffic flow of Kaifeng road network showed large spatial

and temporal variations. The average traffic flow of fast roads and main roads was more than 1,600 vehicles

per hour, while that of secondary roads and branch roads was less than 600 vehicles per hour. During the

working day, there was a relatively obvious double peak in morning and evening. The morning peak appears

between 7:00-8:00, the evening peak during Monday to Thursday appeared between 18:00-19:00, and

evening peak continues until about 21:00 on Friday.

(3) The vehicle emission inventory with high spatial and temporal resolutions were developed in

Kaifeng. According to the method of compiling vehicle emission inventory proposed in this study, a high

spatial and temporal resolution vehicle emission inventory at the street level of Kaifeng in 2018 was

successfully compiled. Results showed that carbon monoxide (CO), hydrocarbon (HC), nitrogen oxide (NOy),

PM; s, and PM o were around 27,839 t, 2,845 t, 1,273 t, and 25.18 t, respectively.

(4) The spatial and temporal pattern of vehicle pollutant emission in Kaifeng was analyzed. The spatial

distribution patterns of CO, HC, NOy, PM; 5, and PM o produced by vehicle emissions in Kaifeng are similar,

which is consistent with the spatial distribution of vehicle flows. The high-emission areas are mainly

distributed at the main streets and road intersections in the central area of Kaifeng, while the low-emission

areas are located in the southern part of the city. The pollutant emissions of all road sections in the early

morning hours are relatively low. The peak emissions during working days appear around 8:00 and 18:00,
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and the daily pollutant emissions during working days are mostly higher than that on weekend days.

(5) Based on the high spatial and temporal resolution vehicle emission inventory developed in this study,
we coupled the regional air quality model (WRF-Chem, Weather Research and Forecasting Model with
Chemistry) and the street air quality model (MUNICH, Model of Urban Network of Intersecting Canyons
and Highways). The spatial and temporal distributions of nitrogen dioxide (NO;) and ozone (O3)
concentrations at the street level was simulated. Results showed that the correlation coefficient between the
simulated and monitored results of O3 concentration was 0.98, the mean bias (MB) was -1.77 pg m~, and the
normalized mean error (NME) was 7%; the correlation coefficient between the simulated and monitored
values of NO; concentration was 0.89, and the mean bias (MB) was 1.51 pg m™, and the normalized mean
error (NME) was 20%, indicating that the model can well simulated and reproduce the fine spatial and
temporal variations of street air pollutants (NO> and O3).

(6) The spatial and temporal characteristics of air pollutant concentration at the street level of Kaifeng
were analyzed. Simulation results showed that NO, and O3 of Kaifeng streets in July 2018 had obvious spatial
and temporal variations. NO; pollution was mainly distributed in the peripheral streets of the city, and its
concentration increases first and then decreases from the early morning, and reaches the peak in the morning.
But Os; pollution is mainly concentrated in the secondary trunk roads and branches in the city. Its
concentration decreases first and then increase from the early morning, and then decreases after reaching the
peak in the afternoon.

KEY WORDS: air pollution, geographical video, vehicle emission inventory, street air quality model,

temporal and spatial variation
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SR, AFRMX AHBU AR B2 5, SUEAR R 7224 3508 T AR M4 S
174, R, WLEh ZE HE R I 25 A B SEL A B i 23 R R AL R 5 6 EE K A
L

D11t s B FEMLAN 205 Gk, ) 4% e N 23 23 W (R L3l ZE IO B2 A 9T IX 3
FEGGRUE ] BT GURFAE A ARSI T A T T R A S T G R R S
TR SCHETS), KT AR ASHONLED 235 G TOAR . LB A HE SO KRS P Tk R
TRATLBI 2 HE TR B A LA B 6 AR D0 1 DAt ot e s s 2 8 e LA — s (RIS BT A

H A7 LA B B A 3 A 36 [ AR /R IF R (1) MOBILEUHE LRI MOVESU7#$E A |
KK ZE 22 (EC, European Commission) JF & [¥) COPERTSIEAY | &l b nl RF 4L R R 5%
Hit» (ISSRC, International Sustainable Systems Research Center) Al A 27 i) V& 73 18
(UCR, University of California at Riverside) 3 [FIFF & [ IVEV MR DL K B 76 R K
BORT T R ) VEINBOEAY

I P A0 23 i SR AR A3 4L 5 AT L HE ™ £ 1K) CO AT NOx SRR 182, 4
T 7 AR ZE 20 T 2R L LOREY 5 et F R 5 M 45 i 22 SRR ), i A SRR, WLah
AR L A AR RS DL R AT B B AL BN 25 HE RO PR B ELABCR s 84831, AL 8l 22 3
B ANIRN U 22 5| R AT N5 YW AS R 2 (R R TS S5 R R ISO71, S B[R 31 3 23 b 3 4
TS 2% S5 o R A AE

I 2 43 B 2 LB 2 3% B0 7K ST A0 A A HE 5 DR 7 2 B v R TG B o DL R
PR B TSP, R AU T T 2 S (L 5 . BN 235 3K -F 54k
TBCEH - W) B A e P B 2 AR ARREAE S, H I N A 0l o DA G . N D
A TR EIRE LB i TR R R 4 S R, i R D
1 0 TR A 9747 A Ry ol B SR B R HE R 0002, SRTE R RICRAR, %4
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2 RS

P72 HLARANE MBS P, X LURAENLZ) 223 3 7K 5 HEBUA 7 I 28 2 A RFAE
HAEH A HEBUE 5 B S HORAT A AL AL BE, S BOLE) 22 HE O B SR e« o)
PERAR. EREERCZE . DL, R — M) A E LB G s AT 3R BT 30, SO HER
T LG ] B

BT, NIRRT EHEBE B HERE, SRIBOR EEE LB A& kT, AL
A P e B AU REAL IR I S A ORI i R R R B,
LIS HLEN 223 ST R ORI, RIESR T BeE SR OGRS 2 R

2.4 FERI R AR E AL

gr ERA, AR TR AR A S R ) v EEAR AU T AT A A LA B )
(1) MBS TERDR T REAREZ G RO MRS 2R, U R
sEBC S YE A R BUED . ARG, A A PR A0 I s e AR T RS
Q7K1 M AMER R ALAS 40 RUBES T 22 <05 A (K e 23 A AR
(2) X3RZESRBARRY S DUERA R A 18 2SI R 20 A B3 /1X
TR KAL) AT ) — B E, R AL EHEB 2 AR 2
TG 9 3 AR, 2 3 BRIAT 2 SR AR RN 45 R B AT R AN E M EE R N 22—
(3) HUBhZEiEBI/KF-EdE BRI 5 L 22 70 A 2 ELERR AR : 2 T 0 b
NTHE . 208 T R ETE S A HLEh G s B, AFERAS S . RCRAR, 1
AT HERANAL  HEOFTI i S I, DL L R AT e I A ) R R AL A K
ESNI: P NI 1795 e B o s G RV M R B el S = S D 1 S ) i1 b
T WYL TS F R A H %, S IR S HE U E Y, SCEL T A
E R W75 G 2 7 AR AL, (ISR 1 /NF, 2518 BRBUK). IRTTHLEh 2 4HE
JEOM T A TE RS G IR, 3L s S 2 R BRI E B, il S
15 e {2 R XA TE DAl <5 SR (IR 1R 5 VR SCHE

R
H



YR IE

z

2T R A I 2R UL T
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3 Bl 575k

3 BIESFE

3.1 R XHER

FEETAL T ZRE 113°52'15" - 113°15'42", 646 34°11'45" -35°0120" 2 [A], Hbkb )5
JEHh | VTR RS, SHIFRLY 6,444 ~F T ToK. FRETT FEEANIX YIS, FIRX s X
X B EEIX . BEES X FERF XA S — R RTEX AR, X E 546 “F 77
TR TRET R KRR S, SR VU], R 69 K 78 K. BEETTHT
ZTRET R G, LR AR EEE 2017 FERIAT] 47.7%, WA KLR EEAR
Wrighn, AU 2017 FJEEH] 9,512 TK, AN RAERA EAWEINE 2017 Rk
483,257 4.

IEAETT S T R RN R, JCHAES 2 — RARTE X, ST vk e 3 H 3
HRMA, B 3-1 AT TE s R = B % B 0 2 5 v Mgl 30 XA e iy 3 i
B, I E R T A T i, BLEhEHRSN = 5 4 5 TR I
LAY B MR ) B IR AN T R R S AR S /K, BUEHLB) 4238 B )35 S HEBOA
SN FLIRISR T 47 1 e 2 2H RdE DA B DRI, &EXIWLBh 2235 YeHk, BT thlE T
1 2 D e i

& 3-1 FHHEHEBEN ST
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ST AT 22 TS e o0 A I 2R AR AUL T T

BT S 1) JUR IS T “HAT i R AR R 7 “ B iy is e HE b 7 (R, P)sE
TR SR N J8] 3 1 XRS5 BB va TAE R, Wkl b A N BRIERI A B LR 473 ) (o
e N R SCHNE KI5 YRR TEY, 2018 4F 1 H A A8 i vk i 70 3T B 4 T B i
PR S SRS JAR B TE I T (“2+2673T17), AT K05 R H R e, JF T
2019 £E 10 HEIR T (RUids M FiAX 2019-2020 AT RAT5 s SR PR IR AT
ANTTED TR HBN G5 G, EMHERR B ), RREEECEIR T AR, 45
IR B T E R A SEBR AL, 2017 AR LRI 3 7N RIBUR A 30 DR IUA [J] 1130 2
BRATHE I, RGBT AN [FL2h 2 FRAT 8 Tt A 0 2 U5 B S A8, ik 75 T R IR T A
R U5 B AR 5

3.2 HIERIR

ASCAE P EEE £ AR M. sk, BRYEE. SEWNEE. <
FHEOPT R KRG REHRGE R KRG R IR EE (R 3-1).
< 3-1 SEIOBURYHE

- E RS BHEARIR € 1)aEbe
M B AL SR AR AR G ELE S BKCT
=BG B8 REETEHCR . T8 0 o S5 b 3 A4
IR JHET EARBEAMAR O EnER R B R A EE R AE R
gt ic WRF-Chem 83 5 4 de BB R T e R s
G HIIHER NCEP/FNL 73 #r 52k LOATTRER X EVESE S

KRAFGRHBGEE %K MEIC 5 AR IR TR A A IR
PNRREE S AR € ] R 45 0 BRI SR EE . PR ILE R
MUNICH #5275 5 7 il e 45 4 B, 48 & SR T TE P 55 IV m L . S A
A AR S M AR S g BUR MG 5 25 1R A8 AR . BB BUETER R . AEETEE. &
AR B EE AR B TE R A X 51 I E BN S . AT 7T X L dE 1,819
Jn

SpIE, 1,166 PNMERAZ X M.
5 F 3 —AC b R R % Wi X, WRF-Chem MBI R4 1T 2018 £ 6 H 30 HAE

12



3 Bl 575k

2018 7 H 12 HI R R IA B ARG Gl 3 i A1 2 R0 P e S R IR B 2% A
Bl FE T 7R R RIS R XGE . KU KRR IR BERXGE. KU
Ft 2 B DA R BT AT E KK E (LMO, Monin-Obukhov length).

2012 & TR IR AE (ABE R EARME) (GB3095-2012), H [EMAEL
M E A 300 2 AR AL T 1,400 Z2IREEI IS 55, BN RAT— RS SR ETE
BAR S DL 6 B SI5 54 (NO2. SO2. PMios PMas. CO. O3) S kSRR . JT3
TP s D0 s ks s B AE R R Be s A g R g R B 4D B 4l LI DL = Al . A
SCIR FA T 7 A 00 ] 42 s R A 1) CO AT Os ¥R BE A 4 S MUNICH A58 i ey
(RIS SR N R RIS (L BE R, (R I D 30 R A 45 S (L it

3.3 WRF-Chem 15 #!

WRF-Chem & H13E [H E K EA KR E R (NOAA). 3= H [ ZKS 05 40
(NCAR) Z5 BT ESHER I —ARIEL (Online) &< B A, WRF-Chem 2
7E WRF RS GEUE TR I T RS B M B, 228 = ARSI
JREWIRER, H4EA T WRF BER Chem fL2¢MER, HR T TIBITH. AWHR.
NAHE . &2 S AN (RADM2. RACM. CB-4. RACM-MIM. SAPRC-99.
MOZART #1 CBMZ) [IE#E b2 RN KA ER S 7 58 ARG B 2 R 55 S AL ]
SHIERE, AT EURENR SN TT RIERE.

WRF-Chem A (03518 2 M) BIAL A0 358, FEAIELL R LIS -

(1) WS EAMNTT R, AR Lin 77 R, 12707 %2 WRF B — Myt
S TT %, 1€ CHEM Bk tfg 3] 7 K& R A A4, Horb U IR 2% 18 T K
A MK Ty BK BOKFIRREE KA, MG S bR KA A B R, ST sk
KR (1 1 73 e BUE B

(2) T TT %, WS TT B EFEK PR AR . KRS IER New
Goddard *); 7EJii Goddard 77 Z[MIFEA -, X =62 R, AbH i e A i 72
LSS 531 WS 7 TR T 503, B A% v A5 L A4 THI 1) AN 005 25 £ 55 18 22 1 s R L 4t
RS HISZM o RPBHR AT T Goddard 75 %

(3) N AHE A S s FE AR 20 R i v B 22 ROBE DR/ Gl HETSGE S8 MEIC
T Bl

13
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4) WA, A KFH MEGAN (Model of Emissions of Gas and Aerosols from
Nature)! 7y NASEAY

(5) SABMLENLH], BiAfUHE RADM2. RACM. CB-4 fil CBMZ 54 202 HLH .
AR A CBMZ ML, HAET 67 MEIIIEM 164 Ml RN . BRENLS
W5t AN [ FRT B BEATL A1) SR o R RN 2 A A 22 AT 40 28, [P IZ AL K R T s
SOk BRTT L AL AR XA 5 AN RN s, RS AR AR B E A T LG
R B 2 R

6) ITEBIFIZHE, KK Mell-Yamada-Janjic (MYJ) 7R %05 0 &
HE R A B SR TR B Re, HARIA SLAB #EMIAGIEMREE, &EiEd
Be sy Oy R T 5 B 1 EE

(7) BEHERE, AR Noah 75 %P %77 RILE OSU B ERE 15 JE K,
e—ANEE 4 B LB EEAEEE, SRR KRS SR ZTEA
PO R ZE ST ZI NS HGE R AUEIGE R, EFE T 5 B AN

3.4 VEIN &5

VEIN (Vehicular Emissions INventories) #&—#f H N _EIALS) ZEHEBGE 54 il 1553
(801, R ARG SN 5 2R AL 5 A TE A /NN IR TS GBS Ot . VEIN A58 R FH 4 97
IR R Mg, BEAUORE 2 RIBS A, HhafEeqhaehih &, #4725 ik
PL M # R I B¢ sp (Spatial Data) 1, M GEOS (Geometry Engine-Open Source;
https:/trac.osgeo.org/geos/) FEFGIN T rgeos 2 11, IEAE TR A4 G BE 2 [A) 50408 (1] rgdal
(Geospatial Data Abstraction Library; http://www.gdal.org/) F1 5| Npki%k, 764 H VEIN #
TR 75 2 S 22 IR B SRR

VEIN FRALE T HLE) 4 18 AR 28 R SO e R R I 5 s o [R]
VEIN B AT 15 G A2 e 5 & R wI Ve 80 e, (R 35 e il o0 1 22 24 ) i A
BEAT AT ARG LA R — 20 000 o 12 e vF P k& & T BF 7 X Sk R HE R 75 AL
TTREAT AR HACHETSGE B S ] o VEIN A5 368 1o 152 B % 6 B A (] st FH 4 R BRI L 30 22 3/
I A A IR TS LB 2205 Gz /Nt HE TSR 2 8] 70 AT o 2B e AR A [R] 4% A
e ) AN [F] LB ZEHE O B, IR AT KA L AT AT SR E AR AL B K
BURF R SR SCHF o
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3 Bl 575k

AR R, LB) 2R3 GV HEC I 2 73 BE A2 2 HEL23h 223 sh 7K1 5 HERU 5 2 1A 3
MK RHSLH), BT Rik:

Emlsswnpollutant = Zactivity(ARactivity : EFpollutin,activity) ( 3-1 )

X Emissionpouyeant &5 RVIHIE : ARgcriviey RN HETESNKFE, BNLE)4E4E
SATHUBRR (km) MR EFponutinactiviey BBV EITHRAB AT (g km™). 1%
BRI, WLBh 2275 GO R T M3 ZE 15 307K 7 AR AR T EF, BEIHLEHZEMRYE
T B KT A A R TS YA T

TER—F A T EHBOE R, M2 S8 E GOBRE. FRMAR. T3
RE HEA ) LA HERE T2 ma bl Eh A s s AKCE (B 3-2). ASClid s GIS
BRI $F 7 % 2% A — A N A8 R I & (7RG 10, D9 VEIN SRR A s A4 1 28 il i die
HERR 7R e N RS [ A 25 R85 2014 SFERATH) CEEHLENG RS T5 JHER
AR TR R (7)) (000014672/2014-01379).,

AT N
il HE TGS .
fERE % ENGEE
ESTRIR HE R 52
K K ] LB #iE
it *A || BEX
HEA B T | AR | e
4 " R HU P

3-2 VEIN #8572 E
VEIN F Z53 N LU R JIA D IR

(1) @R AEE
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VEIN 5 7 ffr 7 2 () 32 38 K 06 0 3 2 T8 B/ N K 4 it I el T B
TR i B AR IR it

20, VEIN I FT XK A 25 Rl /N (0 L e e sl ol R 9 2 3((3-2)
$22 [ ZE AP A R B AT S A AL A

Flix=0Qi"VC;-Agejx (3-2)

K, Ffp R T k0 RGEME | BT ERE (), Q2 | FIENHIAIE
TE (WY, VO j7RATHAE | BB j R LL], Age; MR T k1 j R
WA HZITRE R, VORI B Q AR ZE AN R R R B HILRT  RRESR R DL &
TR AT R 70 o R AR R T 2 PR B A &, R R LA
5 FH S A 3R AT R AT AN [ 458 FH 47 i B AT B PR 2R A B e

AR A A 8 Oy e S E e, AR RIS R/ (S I8 IR R A IR AL
R BEAT I (8] 70 T, R DA IU] (0 S B 3™ Fo D ek ) 85 P2 5K Y s e 4 H 583
ik (AADT, Annual average daily traffic) %M TR ZALIRA R B BL, EFSE. (]
WAL TR], 2@ i s BL(3-3):

Fijrr = Fijr Ty (3-3)

Ko, Fyp o SR T KRR | 2ZEME | IRIF R EBREL | T (0, TF, W

| 2 j SRZEAMAT BLACR P 5 EEE . TF 2> 24 A7 IERE, SR 2N — R 2B H K
B—Ro ZMFERIE T —AEER 24 /NN SSGEAREOL, v 1 IR ATR I 2
ACERE, K TF AEFEEAT 1 beifEtl, B R — R Igmt 200 TREBCE Y 1, AN
K AR LE ) 73 Mo 2 FoAtn 2% Ik B, FLvH 5505 3 0 R R B o B I B S I B 08 ok LA
H— B g B Sl I e O

() HBE TR

HER A 7 B HEICR B, AR R A 1 2R 7 BRI 9 B 5 15 Qe TRl ok 00,

TE (T8 BEAL BN 22 K05 G HEGE g H R T8 (17))  (000014672/2014-01379) H
WLBN 2235 B HE R 738 B 2 WL Bh 42 s 47 B AR I RS T5 i . VEN B

16
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F& T AHE AHER. B RHERCL AR EE . VEIN Fe V8 = e A 7
G R O -

(a) f# FH Copert (Computer Programme to calculate Emissions from Road Transport )11%%!
THEIT2AT H VLB 4205 B . iR & 78 VEIN BER N8, dn BEAA A s AT
DRI~ A% 100 AT RASR FH A

(b) A B HRA 7 HEER R T K (g k™) A FSEBI I 240, POREE
L ZERR R /N RS R AR RS HRE o

(c) 1 R 8 IR T LA R EO0 Copert REUSEIHATAAT, X5 50 48 F 4F e LA
s AT — 58 A G

BRATEOLT, VEIN RS T —MoRHE Copert BEERIFEALE 1, XA R R
TR AT Bk HEARE DL R B oR F = A AR AR TR A K

() HitE

VEIN BAB A HEBCEE R AR AHERCR 28 K J8. WLah £ s HElE 2
XLEHR 2R G .

A, BHR

WRIEZETE . TS L I IA) DL ST G SRt AT s 2 HE oL, S EoR TN

ZERF O RIS R

EH;jrim = Fijii Li - EF(Vi))jkm - DFjk (3-4)

X, EHy g m RARIE T K A0 j BZ401E | RZIATIETE | B% BN BT A is 444 m
M (gh?'), LRBEBIMKE (km), EF(Vy)jemefH 7 kER j RERLE | B 24T
BOAE | BRBUNHEBUTS e m RN T (g k), DF; 28R T k SB[ j R E
BN R B RBOR FHBRINFRE [ 22 7HT 3 SRR A0 A0V 2240 0 HE S B A )
e, AP BRI LUR A H S e R LR 1.

B. A

AHEBUR AR R BIWLIE SIS, R BIHURIHE AL EE AL 88 R G AGE B 1E 8 TAER I 7= 2E 11
TG R 2 R R A5 ZE 3 P 2 A XA TR AR 47 BRI st & P A A HE . 5
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R, AWHBOS ISR BB RIS, [FE, MRS, TR i
B TIAT B, LA HEBER 3G NN, VEIN BURTE Copert BLHLEL T ¥4 HE
TEURI TS o Vo TR P A2 S LN 4 A A A 188 AR AR 28 R AT B K &, IR HL VEIN
RERAL 41 TVE (International Vehicle Emissions) %71 i YA HE B 5

C. ZRHIK

A RHBUENBN R ENAEY) (HC) 5 4 T ZRIR, X LeHE U B T IR 5 AR
WP BRI = A 1. ZERHAR FZ h =PRI e KRBT, SN
JRRL R T 7 A 0 H T HEG: S ATHRE, BLAN 45 10 A7 Tk B S0 voh A i 28 s i 5
FIZR TG BRI, RIBLED MR K E — BRI T, 3R G N IR RHE R B LA B
ey vl A FH R 7 AR 1 287D SR BRI e 0 5 %3 4 I T e A B O N A R ER

[105]

(4) TSHMIRIERL

VEIN A (035 4 a8 Bk (BC) A HIITE A FRTRIY) . %6 i Ak 20 F BE 52t
AR . AEH S B (NMHC, non-methane hydrocarbons) LM R EALMI(NOy), 2
RAAEE R B EZAE R UM . X ey5 RS P B2 Rk, HEBG
LU FAARR IR AT I HE SR A B R

(5) =[5

VEIN R WA T fe,  REWREAE RRITS A s 70 il 3 7 DX 4sk i) 2 [
P, RSN A HEBGE B A5 R AT AL AR B . D N OB R R RS Bt T DL
TR S e s 1 DA P

3.5 MUNICH =8

MUNICH (Model of Urban Network of Intersecting Canyons and Highways) 1574 f&—
Ty XU P 2 A YABi A0 A A, 5 (R AL S AR ST B A AU 1 km 23 [A] 43 6
S Qe tttan, RIS, AETIE 00 25 A Y f 8 mT A0 A il 408 i 7 3 D) 2 v ) K5 G o0 A
B ARGy, — R TR I A7), H R TE A T SR R, ARADL T e
JERRAE R 53— R A X AR5, BRI ORISR, HsATimiRtE

11 3-3 F s
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Hh R
(BritEH )
|
! v
G HE Hem s R s ok
(WRF-Chem) (B2 HE D) s JeRE A
v
ﬁn_“*‘
YL,
!
e

I 2 AR A LR

& 3-3 #HEESSREMTER
MUNICH #8 FE 43 R PL T J LA R

(1) ERHAE S

&

X HTE RS B, R AT ARG 7, FeM i A8 X B AR B G 1 F, TiE
PA M :

(a) [F]— & BRI 471 55 o A 300 o o e — 3

(b) RAT5RMIHE BRI DU 18 S 35 5 9045 5

(c) FEHFIEURAT P X 5 238 7 1) — 3

(d) RGHZRI AT, JF FRGHE AR/ B T Rd . T R S s e f . B
JEME (GERE. miE) AHR

X RERAT, A — 4738 N K S5 Ge 1 o1 S0 I A2 3G o1 B e e, HARAE R
TR AR (3-5):

Qs + Qinflow + Qchem = Qvert + Qoutflow + Qdep (3'5)
A, Qe iT RWIIEHBGR R (ug s)s Qunprow TS FMAERIINE R ICNAEIE (118

Ho(ug s Qerem BTRTTRMINAFAZH R (ug s7)s Quere B TE AImRY HUAEETIE IR
BUZSHEREEIEE (ugs!), TR ARG-6), Qoueriow T 15 FAIUL H BT TE IR ()1

#o(ugsh), WHRILARK 3-7), Quepe KAVIFFHEZE (ngs'):

19



ST AT 22 TS e o0 A I 2R AR AUL T T

Qvert = % (Cstreet - Cbackground) (3'6)
X, owREERS TEE B XGEAREZ, W B EIF%E (m), L 2B
(m); Cypreee & HTEWRA TG M FIIIREE (g m™)s Chackgrouna B HTIEIRE IG5

HIHE SIRE (ug m™);
Qoutflow = H W " Ustreet * Cstreet (3-7)

Arh, H a2 mE (n), W RZEBITFENE (M), Ugree il
e 23 7KF 5 T P B RGE (ms™), Coppeer R EHEBRA W5 I FEIKEE (ng m™).

(2) X HHMAER

MUNICH F& R0 4738 58 X% 1 EB 70 A7AE A AR :

(1) 22 X VAR B RT3 Gk B2 T AN 2

(2) HFIE M PN TIRAEAE S B A8 XA TR RN A 242, RAEHTIE A
Pl ) 22 U o A

(3) TERRIUTHH AR -0 S 18 AH K] 1AL

(4) FEATIE )RG5 B AR o5 —HE N IR A BE R A X

(5) MFANE S IRE AL AE S I B 3125 5 X AL

A AAE SRR, AT TE P I A e e BRI E BT IR L A8 S 1 DA
S BT R o SRTIT, A BIF U3 BRI BRI sl 0 22 S 11 i B R s i 00
PRI, 06 2515 8 31 5 S AR SRR Bl 23 SRS et RV AR RS AR D, B DA RS
GV s 2 Wt AN IR T X, 385 XA AT 5C (fE XA AR AL A
ASF-35 IR i) 2 s B i 37 43 A ) o

PR R A (3-5) THEEAE SO ) 7 /S I8 oT B T i Jon s, 822
B RNA X R BB E B R T S A

(3) tLEHLH]

TSR S B RS R BAT B2, JOHZ NO« e a2 [ Bkt Os ALK IR
RIURL VIR O3 T A HEAR R A FHUO R 3R i 2 A 22 ML e 3%, B398 RACMLRACM2,
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CBO5 Fil Leighton tLEHLH, A SCHE7EH R CBOS 2EB 7ML, iz AEE 53 Fh
BERMEAHA (VOC, volatile organic compounds) FITEHLIG 4, LA ARG 23 FitiR
RLTE IR 155 Fb2E OB FES T 6275 B NO I HEBO e 22 FAIk O3 A1 H At %4k
AR, MK 7 VOC H&, PIIZEMN RS & NO. NO2 5 03 FE NI = Mifk
LR LS BRI Ra SIS, (B, 7F VOC {5 Qo™ B X I8, Selifas sk,
PR LA 2L (e -5 0t 7 X3 SR R R R

(4) FRITE

59T UTFERH] Cherin 55 NFIZ5IEU, %0715 A] A ST TE M AT 8 2 10
B EEE LSRR TUFREE (ng m? s)RRITRYIKE (ug m?) 5504
DIRGER (m s") MG R, DIRERCRBOR T RAFM LRI (BEER) R iHE
Peo XTWTEE, R Z T RV, s W2 1S SRk BN 5 AT
TE A FU S BE

PRUTRE, AR RS Y i PR B B A2 KA R R TR B AT IE A 5 2
0o T AR AE S SR TOUTS P95 e 11 e T 2 ol o7 o P2 ATl v T T e s SR PR A
S0 JEIE KR R DL AE B T (K075 e, 5 U H SRS K URE DA R 3 TR T Py 74
RIS R Sk . ot AT

Fstreet =A (Cstreet -H + Cbackground (ZC - H)) (3'8)

K, Fypree RIRUTE T BT HEE (ngm?s™), AZRIIFERITER R (ugs), Z 2
BRI (m), = WARRRITRERS RYCH s RTERRAE -

(5) BB PRSI RIIRE T -

C = Qs+Qinflowt(transferyeiocity'W-L)-Chackground (3 9)
Qoutflowttrandferyeiocity'W-L

A, CRRMTERM K TITIIRE (ngm?), trandferyeocicy 715 FN) 0B Fe i A
MUNICH 7 — R Al (7, 2R m] DUAR S FH P I8 3% AN (R 2 5045 AAE
AN FR XA RS BB AT 124 RASA R 30 T 76 J2 AR ASUL I RS BEAT B T8 XA N 3R 4T
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B, R A 2 R A S L ) A 8 S 2 TR0 ey il 2 A
3.6 KE/NLE

RFE R BN TSR B A B, 70T T A 70K P AR (SRR L RHE S5
[FJI , VPEAIHEIR T AT 58 B R FH ) VEIN ALah 4 HEm Al S8y | X d 2 < p A5 WRE-
Chem, DA K A71E 25 S S AR A MUNICH (156415 40« AR By | 75 A N\ 3t 458 P 2%
I T AEB A ANAE RS BIAEAT | B 25 B M S A v JR T R A SR T R S R
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4 > R NLED R B KPR RE IR

4 SRR EFNKTEE G RH

4.1 HIBAL S oS g B R

BEEVIRM . =i KRB N LR GEFHRN A, Bk B -5 50
PTG EE, ERC BN PTIE . AEGE . 2RI R I 2 0 ok
T 22 BORIE T 22 P 25 e B ] T3 RO E  FE s T i e e B SR 2 R N
TR 2 JESLARULIN < e 73 H A TR B0 ) DL S BB R ST Fe g 4 1 9AT 1 5CH

MBEAEAF N 2 im0 2 K, A EFE R, =R ESdE, A
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L& BBININZ . AR AE R R . R REmT T, AU RR 2 PRI TS s o
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SEGTEZ BT R, RN UGB AR & 4-1 for 7/ LR i g A
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PN — 5 P(Xg, Yo) TEBRLSTF I | WAZE N p(u, v), St EGIIEEE P T AAE
N Px, yi)o TP | p 5P G A P IR R, KRG T | AR
R B S B 2 25 RS TH G A, At A2 AT 2 () ST 11 AR o ARAES I Fr b 38 2
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NSRS I AR I A LB 253 BT ol BB BESR I, AT 2R Tt B
PRIHLEN 225 37K P RE AN g 56, BRI A 4-3 Pos. BARO8: (1) R
BRI, F A GPS il RSN RALE, A T2 fd s
B REN WEESHL WA T MR M Q) KIRBI SR E SEE
St N AR AT ES R Hh P 2 A A A A 123 st AT 1) b 2 (A AR B, i 2
A (3) 2T Fast R-CNN XIRAGARHE M2 H AR RTINS, BREFA I 2 e, bt
SLZEANATBOE S, R AR AR EAT 03, SR HLEN AR i Bl KT HidfE R BRI IR

[ |

| BERRS | VIR » Fast R-CNN 3]

l I

| R | | v

| | N

i i—» gﬁfﬁgﬁ > HERR > FRE
| oGesmaE |1 o
| o EFHA |
| [ BERE BREE BRE ||
| BEHSEC | oy | | ER RSy | | EE |
| L Ce ey |
| | | |

4-3 ETHIBMSNAON B2 TR T K T & REARARAZ

Fast R-CNN 1241 @& —ph B T H sl £ DX 3803 B P 48 0 2% R 2 2 2] B35 . Fast R-
CNN BRI R iais B2 bk . ARG 24y, Fast R-CNN BVl 7 &= T B RME
P28 R0 A s I 2RI R, & — b B BRUIBR 5 o = 1 H A 1 o3 2R AN 4 1) 7€ A R |
SR ZTER BLIZE— AN R-CNN (Regions convolutional neural networks) 231 9
%, tt SPPnet (Spatial Pyramid Pooling network)!26! 5t 3 £% frJ3R FE #%30 X 4% VGG16 1271,
W 2% BeAE 0.3 s PACFEE, [A]I7E PASCAL VOC (Visual Object Classes) 201201281
HiRAF 66% ) i E o

Fast R-CNN 4 NEEA B A — AW, M BRI ISR (conv) Hlik
KA Z XA BUR AT b 3, AER— > conv FFAEE] . AR5 REAMEOSER X 8, (Rols,
regions of interest) #% & I —AN [ & KD HIRHE R, SR E @ 58 2 ERE N E (FCs,
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fully connected layers) WL BRFAE & . %251 ES Rol A/ M & softmax 1
BN FHRE R T AS o 12 HE0 B A o 21 0 1 24T 55 1 25

Fast R-CNN £ R-CNN HiA#HT 182 ot Bob2im 7SI ZoEE, R-
CNN HRH] CNN R —Mgide [X AT e EAFAEAR B, 7E— 5K B ik X s A i %
HBHES, KR ERBUFIERIEIE N 7 KB E R THAE . 1 Fast R-CNN K8k K fy
TERN—HEVEEN CNN M4, ERZE (conv) ANFHATRHMESFEEL, & 7E it ib 2T
REEE, AR X ARFRE S, BEATRAIESEEC TS . HIK, Fast R-CNN fift I R-CNN
WZRFT FR 2R 25 (8], H45EHT R-CNN AT R (¥ H br 2 28 5 5 I HE 1) [11 )9 48— 3]
CNN Mg, PR AN 5 B A A A A DY IR AR

BT BRI SRR, AT FIT R T BT A AL 3 235 s 7K P R e R
JRR ARG, S 7 IRt R R R e 5 . AR R
ST R GBI AR 4-1 Pk

[ 4-4 BTSN RN ZEBTIK T ERERARE RS

® 41 REFREBITHE

=] iR
R R G5 C/S Bt
HRT& NET
FHrk TR Microsoft Visual Studio 2010
TFRES Ci#

BTN Microsoft Windows XP. 7. 10

B Microsoft Access
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WLBH 4235 B 7K P B0 2 R FAMLED 25 HE OB AL Al 55035 e HE ) S 3 54, AR SCRI A
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4-3)o P AU R SRl S S TR A T E B SO, ARG T Ak B
RERVE PR, 70 R AT RGE AR 5UKE, 3K P S8 o 513 T3 T 25 U [H kX
) EALEEE, MR e AT E T T 2O8IE; ETEIGER 1 4 DR
KA 5T, R ARAEFIR X S ON KRB R KR A (04
KA ZE PGS B, IX B BORIERIT B T AN F 73 X 2 8] (1) L BT e, AT 4% X3
P RGE B AT I R EGEE, TGRSR 7O R SRR AN 2 B 3 R A
Jy IR EETE R A 55 DI Py F i RGIEAT . I AOAIE s R R T B T S i X i Y
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X &RFE AT A — (168 h) FIRLSIEIRE REE, IR AR S KIS0 435 5)
KPR R RS, WA S INLE 23RS, b & Rt /N ZE A /N dl
& (Idv, by, ERRER/NTIESEE (hdy, h). S8BT (ps, km
hly. & BB AT B R (ffs, km b)), S EE BRI R AR
(capacity, h'") DLAVRZE @ I %5 B BEISE I H] (tmin, min)e 38 4-2 A48 7 AN R E H] BEAL
ENIEATYELE (ps. ffs) MURIGMCHE o AR 2 UMl s00F L ) TE B SR A, 3k — AP HETRAL
BN EIE B K BB 2 53 AT

42 BETERE A

I ) Bt &R BOE
00:00-06:00 ffs
06:00-07:00 T ffs Fl ps Z [A]
07:00-10:00 ps
10:00-17:00 T ffs Al ps Z[A]
17:00-20:00 ps
20:00-22:00 T ffs Fl ps 2 [H]
22:00-00:00 ffs

4.4 FFETH AN ZE TR RNK BT = HHIE

B RLAE B OB AT GO IE R R REE AL, M 2018 7 H 1 HE T H 7 H&
B 0 2 23 W AASIEIR R . A A SO R NS TGS KF R Rk A 5 R 40, HREL
HHRNTERNEN R WESENFEESIACF RGN W 4-6 FFE T & BT
PR/ N AN R IEAT R N AT DU T S T A A B B SR 1 S AR ERFAE
A7 T3 T P PR BT X A6 2 2 PR T A B s S DX DA R RF IX P 3 ) = 1 A
BRI LAEE, AR B E T 1,600 /NG, T 75307 A S BR A i B U
T 600 FiEE/N
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JEIARANAFAE W) S PO W re Wiy 20, ) 1 e WA ) 22 A P () B R, JF FLROR 11 2=
17 I A2 38 7 W Sl vy T HL A S 1), X R W R R TE BB AT s B 2, AMH IS TR By
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A w FEA G T B B ROR 5 IR, T AR A BB 40 sl K F R g
FNR R R GRORGAE, PIEERE T K5 . BT RN EE, A HHLEh %
AT RN R AR G, ST 17— B L) G s BdE 24T 1 8 Rers iRl
1320 7 TS SENLB) 475 GRS i 22 0 W R LS A s s K s, R A 7T
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5 ERE PRI EHRE 2%

ASCRHAY VEIN AR BEATHLAD G- bR g, B SR e, BEATIE RS . &
) SCRR=E 7R SR 2 T L8 42 S it Ko A SR sl AT, S R S Bt AT B 1 . R AEas
PRI HR AT R 2 ] 4 B AR T3 AT A A AR P, 25 S T B LN 2R IR S g AL
ENEHEBGE F, WS ITETE 2018 FEHLEIEHHT CO. HC. NOx+ PMas BL A PMuo [1HE
B . g EALHIE FEIT S T BLEh 295 Gk P SR 3 B, (RIS AT o sl i 2 <5 A i)
FEAMC R S B S, v se il CRRTTRBIRITEh TR s, SeE =i

RAEHE R
5.1 VEIN #2812 5118 E

ARICKH] VEIN 0.8.7 A, M (A SHEE) M OFETSRIHEE), 3R
1988 428 2017 SEIFH AN FE A EHE. RE2018FE7HIHOMET7H7H?23
o TF 3 717 %% R A TE R AL ARG SRS R, THEITETT 2018 MBS Y HbiE .
M A SR 2014 58 54T B GEBRHLE) 2K 5 FWHB0H S gm i SR 487 (6l47))
(000014672/2014-01379) HIHEL T (£ 5-1), XF VEIN #E NSRS H 7347
ARHA I HE

% 5-1 A AR 7 I A IE LS 4 R AR IRAG i 540 . AR B, (H 2L
) 22 RS P AR RT3 R 9540 AR LR F JR LBl 2535 Rt R Hh AN w] el it g 52 e A
AL VEIN BB 7 50 EL (emis_det) SKRECHINLA) AL A 1A h 55 (A X
T YOS B R, R BN S BTSSR REWUE BB dE
PASE B BB AR 3AT Bl R (RO RIE T WL 2 HE 80 g i B R FE e ) o

BRI P S 2 R A H ef 1dv_speed BRELHISRIN G /NHEEKIRE . BEH %
IS B HE RO 5 ef hdv_speed BB RIS B AL R0, R ZEMT5 R HL. XL
BRI L B R T 0 A B R PR S S R B SR, R S SR R R
#E R FIFI 2
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% 5-1 HIAESLYHRETF (gkm™)

iR it Cco HC NO, PM, s PMy
[ — i 25.72 2.685 1.971 0.028 0.031
s 6.71 0.663 0.409 0.026 0.029
E— 2.52 0.314 0.324 0.011 0.012
Lok
H= 1.18 0.191 0.100 0.007 0.008
| 0.68 0.075 0.032 0.003 0.003
En 0.46 0.056 0.017 0.003 0.003
i 123.13 6.749 5.807 0.293 0.326
[ — 75.79 6.759 2.979 0.159 0.177
[ — 23.32 3.006 2.905 0.072 0.080
"
FH= 10.71 1.354 1.713 0.044 0.049
Iy 4.50 0.555 0.907 0.044 0.049
En 4.50 0.555 0.680 0.044 0.049

5.2 NS RAIHRUE B R B BT 2 HHIE

PRAEIT T A AS A Hs, 256 HEOE S g il me o I HE R 7w TR T
ARHHEN EHE T, VEIN BT E 7 2018 HLah 405 S HERCR I, St
T ITETT 2018 FENLAN ZEHEGRS B B At B2 O 1,819 26438 30 SEHLAN AL A IR,
BEJE 7 REER 24 /NS G HEOs . B ZE REoR, 2018 FIF 3 i Hlah 2= b ™
AR CO 2] 27,839 t, HC 2] 2,845 t, NOx#] 1,273 t, PMas#]23.56 t, PMio#J 25.18 t.
CO MBI ZEHTBUN F 54, NOx HEL & 2018 - 35 T B HE RN T 68.8%.

52.1 WEhZFESEIHMETE) T (L ass

AR G ] PRI TGS .45 R 2 B B RN TR AR A R, ik 5-2 Jeor 7T T ALE)
T bR 1 H AL B, AR AT LA, JTE mblsh ks £ 1 CO. HC M
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NO« 5 G HECER BT e 7 £ — BRI (PM2.s A PMio) HETCER

*® 52 ESRYBHNE

inp CO (t) HC () NOs(t)  PMas(kg) PMyy (kg)
B H— 84.83 8.81 3.53 64.31 68.74
by 72.10 7.40 3.21 59.24 63.32
= 69.53 7.06 3.29 61.32 65.54
AN 77.13 7.79 3.73 69.67 74.47
AW 81.27 8.31 3.70 68.46 73.18
BEHATN 72.36 7.35 3.43 63.76 68.14
EHH 78.16 7.98 3.58 66.36 70.93

TAEH CO F1 HC 1) H¥HEE /> 3 76.97 t 1 7.88 ¢, T A A H BHEIE 75.26
t M 7.66t; NOx. PMas Al PMio LAE HIFFIECN 3.49t. 64.6 kg Al 69.05 kg, M&AKTJHK
H4HE 3.5t 65.06 kg Al 69.54 kg, CO F1 HC K175 4eWHE o sl LB 28—, &
AIEF] T 84.83 t F1 8.81t, 5 F|JHHBU T 15.8%F1 16.1%; NOx PMas Fl PMio /i
B BT TR B SR A0, A3 kBT 3,73t 69.67 kg M 74.47 kg, o5 B E HEBUE 2 1
15.2%- 15.4%AM1 15.4%. CO M1 HC HHFBE R ARME HBEE B =, 777174 69.53 t A1 7.06
t; NOxv PMas #l PMio 5 444 H HEBURARME Y HILE B A —, 43508 3.21t. 59.24 kg I
63.32 kg.

5-2 R TR BT R — 2 BRI EH AR ZIN 8 4iE pk CO HE A (gh
Do ATUAB]EHE H CO 78 LA H R HRECR B W12 1) SR XU 5, CO HRBCR =)
I TF) b A ) — e v . SO DY G e e DA S R ) T L v, IR 1 7.5 ¢t
EIA=1 CO HSCEAE— B AIK, oK H e M =y 2, B =K &g Co
JBOBEAE AN JE 5 ¢, SR T oAt A 5 i W HE TSR  CO e v e TS i AL HE BLAE 2 3 T
6 gy A HIE TS e A HH I AE B B —
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[ARFAE S CO HEBOAERARAEL, 2300 — B i v e o 2 30 D W v Vg DA 2 00 T L vy b 52 HC
15 RIS B Sk R I 221, e rp B2 00— G v e R 2 0] L v g HC RS 1 0.875
to BHI=E HC HRBURAE B IR A, 32 R AR OB T HAth AR H R
B, gl ERSIAERN=, V0.5t MmERMRENHIARE =, A
0.625t. 5 CO HEBUH A2, HC g HEBm A IR 2 T, B e HE U A
HOAE R —. FPK HC HEBBON- T, g [ HEECR S = T 0.75 t

K 5-4 IWLENG: NOx HECE I [RIZAL RS AE. 55 CO A1 HC HESARIF 12, NOx 1)
SO 5 30 HS B ) S X e e B TR)RRAE . R — R HADY 5 B 2 NOKx HEBEC A
LA ] o BT S R R B B R, HEBCRE A T 0.35 ¢t
5 CO 1 HC AFMIAE, i mile NOx HF B A KIS 8] HOUE 2 Y, [FFGEE 1 0.35
to A AR =R AR Z, e Vg AR B R =, Wy A I BLAE
B, AL 025t AR NO«HES RS T E2M =5 2 =MHE.
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HER PMas W THir, S B B HE GBI T 16 ght, o B DX THI AR B J /N T e e v
X B 21:00 HLAHZEHRBCE MR BEFER, 2418 PMos HEBURCE 12gh” LA
T, RVAT S, PSR PMas EEEA AR 16 g h', BIEALT CO. HC BAK

Ox 5515 M) o
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34°5IN o

344Nt

a5°45N | pitbE e

34°51'N ¢
34°48'N L

35°45'N |

34°51'N
34°48'N |

35°45N |

& 5-10 MEhZEH PM. s 21853 %

Kl 5-11 4 2018 4 7 F 2 HITE LB EHH PMio 2 [ 3 AT A IG Lo 5 PMas ¥
[ A AR R A, B3R 0:00, BB PMuo HECE AT 2 g !, SEEBERIFAY
o FLEig 8:00 MLEhZEHR PMio 75 [ 4041 22 S BN WIS, 0T EEEATIE . SR AT
S TUONHERCECA W B X, s a7 16 ghts kTR SRR, s A
i 4 g hls F412:00 F115:00 HLEHZEHEB PMio 25 18] /3 AR SEAAHF],  12:00 A7 8% B HE
GBI 12 ghty 15:00 HEFSCECK B S XIS 5 R 12 g b Bl 18:00 HLBh 44
TRESYFR N, AEHERCGE X A A 16gh”, KEHATESYIBIL T 8gh!, HEE
JECET B X 3 B AN AT LE 38 S S P, X XSO LB R RO SOl AT B I R K
(FI#6 B ME 21:00 ML EHEBIE A FRAK, 5 12:00 HLBIZEHERC B /AR L, 3 B4
18 PMio HEBFEMK S 12 g h! DUR, 3T ra sl HESOAN T 4 g bt HIc s (9 X 32 i i
Jo B ARG SR AT X 8. [RIAE PMio HFBUIR T CO. HC M1 NOx & 15 B
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34°51N JJml:Ei i Iz i :;:_"..";“f' o

34°48'N + ‘: ] | ;I

35045‘”_:5; "1u1'1f1 e el
2018-07-020:00

34°51N T

34°48'N |

35°45N | -

g
e ﬁ L T e
2018-07-02 12:00 [ 1 2018-07-0215:00 T
34°51'N | ! : ; ———— ; ;s —
* “ -g— _IH £

34°48'N +

2018-07-02 18:00

114°15'E 114°18'E 114°21'E 114°23'E 114°26'E 114°30'E 114°15'E 114°18'E 114°21'E 114°23'E 114°26'E

35°45'N |

& 5-11 #EhZEHE PMyo =B 537
53 KRE N

AES T ITE LS EHEBGE g 10 E MO E, i T VEIN A g
L B2 DL B g R TR I HEUA 7, 4 T VEIN SRR S H S S s
B, il 7O E S RS R e, S T IR 1,819 FATIE A R 1)
TR5 %) (COL HC. NOxy PMas LUK PMio) (9 HAFRCE, 704 7P H i IENLS) 4
15 G HEUR IR 2= AR RFAIE
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6 HEESIEERIEMERUS D

6.1 IR REE
6.1.1 WRF-Chem % &

AR A WRF-Chem 3.8.1 WA K S0 AL Hin i UL A A BE . B0k A
Lambert MR, M TWEHRE (B 6-1), FH—ZHRE (DO1) M= E D HFERN
27km*27km, ZRVET7IAA 185 &M, WALTT A 128 M&M: % ZEH#kE (D02) M
%23 (8 0 PN 9kmx9km, ZRPE T A 169 MEM, LT 160 MEM; FE=2
KB (D03) () 7r #20N 3kmx3km, ZRPUJ7 A 214 MEM, FgALT7 4T 208 S5 9
FIZHE (D04) 25 HERN Tkmx1km, ZRIGT A 94 MEM, mILTRA 97
I I A58 3 B 5 A1 3553 28 J2, D02, D03 B 2 (1 I o0 RUA 4 FE N 34°N, 114°E.

3 15 poawr] L
SN S X TR
‘ 17y g TrRE
e A [ R
PN L ‘f* T |
- ';?ﬁ' .i'
wAf w?:?\%(
D04 </ [
e 2zg \
gy A
hin 728
" BER ) /
w8
rizacy
REE /
{
0 1,000 km
B -

[&] 6-1 WRF-Chem & &Iz EI& B
e T E I A R R AR (S GS (2016) 1585 5) £l JREIEEH.
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RWFF PR R 6-1 IS EU 7 RBAT I E, BRI B E Dy 2018 4 6 H 30
H 02 2018 4 7 7 12 H 23 I . BRI RIGHIIAKAT RN 8] 73 #5350y 6 h, 7 [H]
S HEE R 2.59%2.5° M 3% B B KM ik b0 (NCEP) #1136 [ B X KA 05t ol
(NCAR) BXEHEH I NCEP/NCAR &BRTE T8k vi bl RIB, W7 g oA F 2
PRI F] S 23 [R) 0 FEZRAN R (0 ) B, 3 KU, R EE . PR K S5 S R R R AU
J%, 7& WRF-Chem AARYALHLIFE i FH DU 4E £ 45 [F] A6 2R (FDDA, Four-Dimensional

Data Assimilation),
F o1 BXSHUFRIAEFE
FREE Domain 1 Domain 2 Domain 3 Domain 4
T %= Lin et al. Lin et al. Lin et al. Lin et al.
K Bhm st Goddard Goddard Goddard Goddard
FHY RS (old) Goddard  (old) Goddard  (old) Goddard  (old) Goddard
/B RN
R/ B MY]J MY]J MY]J MYJ
M=k GF GF GF GF
foifi T L Noah Noah Noah Noah
2L CBMZ CBMZ CBMZ CBMZ
W2k SRR MOSAIC MOSAIC MOSAIC MOSAIC
USRS s Open Open Open Open

6.1.2 MUNICH &85 &

AW SRR AR IS [ A 2018 27 A 1 H 0 B, KRB R E A 3,600, HAHL 288
AR SR CBOS AL, FF iR e 2 RN HLEE . %418 AR A Schulte Z24(
7 Rt B AL TR, K Lemonsu 2501 B 1F HATEWRAS N - XGE, TF )8

B AR, HE A BRI E RN 0.1 ms™, RS GREHEANG R IR E
P %8 43 S5 1 1A

44



6 HTE 5 R BRSNS 7 B

REFRT [B] 1 B 2018 4 7 H 1 H 00 Bf % 2018 4F 7 A 12 H 23 i, WDKK E
N 3,600 s, FEIUXIER X H/MEA 113.882°E, Y f/ME A 34.334°N B2 (A5 KN
0.01°, Nx =94, Ny=97, SRR ELIGELERIA2Y 2018 427 H 1 H 00 B}, Bf[AZK
N 1h, FLEEL 288 ANEFEIE K . P 6-2 Jy MUNICH 57 Jii kb AN 1E A J2 17 AL

Py -

zhp@zhp-Lenovo: ~/SinG-training-2nd/source/munich/munich-pre_postprocessing/prepr
zhp@zhp-Lenovo: zhp@zhp-Lenovo: $ ./munich munich.cfg
$ python sing_preproc1013.py sing_preproc_1013.cfg
['CH4', 'NMHC', 'CO', 'NOX'] Transfert_parameterization: Schulte
Mean_wind_speed_parameterization: Lemonsu
Chemical mechanism: CBOS
Current date (UTC 2018-07-01 00:00:00 Performing iteration #0
2018-07-01 00:00:00 Current date: 2018-07-01 100
Time index: © Performing iteration #1
Current date (local hour): 2018-07-01 00:00:00 Current date: 2018-07-01 H)
The current day is a weekend. Performing iteration #2
Read the input data (segment coordinates and emission rates) from the file --- Current date: 2018-07-01 100
/home /zhp/SinG-training-2nd/source/munich/munich-pre_postprocessing/preprocessin [Performing iteration #3
YK/input_1013/data-newref/20180701-TrafiPollu-REF/EL.traf.2018070100 Current dat 100
/home/zhp/SinG-training-2nd/source/munich/munich-pre_postproce |Performing
ssing/preprocessing_YK/input_1013/data-newref/20180701-TrafiPollu-REF/EL.traf.20 [Current date: H)
18070100 Performing iteration #5
CH4 found with the index: 7 Current date: 2018-07-01 100
NMHC found with the index: 8 Performing iteration #6
CO found with the index: 9 Current date: 2018-07-01 e
NOx found with the index: 10 Performing iteration #7
[7, 8, 9, 10] Current date: 2018-07-01 H )
- -- Performing iteration #8
Number of the nodes: 3638 Current date: 2018-07-61 08:00
Number of the streets: 1819 Performing iteration #9
- == Current date: 2018-07-01 100
Read the geographical informations: /home/zhp/SinG-training-2nd/source/munich/m [Performing iteration #10
unich-pre_postprocessing/preprocessing_YK/input_1013/street-geog-info.dat Current date: 2018-67-01 100
Background concentrations are available for the date 2018-07-01 00:00:00 Performing iteration #11
/usr/1ib/python2.7/dist-packages/scipy/io/netcdf.py:297: RuntimeWarning: Cannot [Current date: 2018-07-01
close a netcdf_file opened with mmap=True, when netcdf_variables or arrays refer [Performing iteration #12
ring to its data still exist. All data arrays obtained from such files refer dir |Current date: 2018-07-01
ectly to data on disk, and must be copied before the file can be cleanly closed. [Performing iteration #13
(See netcdf_file docstring for more information on mmap.) Current date: 2018-07-01
), category=RuntimeWarning) Performing iteration #14
Current date: 2018-07-01
Performing iteration #15
Current date (UTC): 2018-07-01 01:00:00 Current date: 2018-07-01
2018-07-01 00:00:00 Performing iteration #16
Time index: 1 Current date: 2018-07-01
Current date (local hour): 2018-07-01 01:00:00 Performing iteration #17
The current day is a weekend. Current date: 2018-07-01
Read the input data (segment coordinates and emission rates) from the file --- Performing iteration #18
/home /zhp/SinG-training-2nd/source/munich/munich-pre_postprocessing/preprocessin |Current date: 2018-07-01
g_YK/input_1013/data-newref/20180761-TrafiPollu-REF/EL.traf.20180760161 Performing iteration #19
/home/zhp/SinG-training-2nd/source/munich/munich-pre_postproce |Current date: 2018-07-01
ssing/preprocessing_YK/input_1013/data-newref/20180701-TrafiPollu-REF/EL.traf.20 [Performing iteration #20
18070101 Current date: 2018-07-61
CH4 found with the index: 7 Performing iteration #21
NMHC found with the index: 8 Current date: 2018-07-61
CO found with the index: 9 Performing iteration #22
NOx found with the index: 10 Current date: 2018-07-01
[7, 8, 9, 10] a Performing iteration #23
= e Current date: 2018-07-61
Number of the node 3638 Performing iteration #24
Number of the street 1819 2018-07-62

zhp@zhp-Lenovo: ~/SinG-training-2nd/source/munich/munich-1.0

Read the geographical informations: /home/zhp/SinG-training-2nd/source/munich/m
unich-pre postprocessing/preprocessing YK/input 1013/street-geog-info.dat Performing iteration #26

6-2 HREMLIERE (2) UREXEITAE (b)

[display]

Show _iterations: yes

Show_date: yes

[domain]

# Domain where species concentrations are computed.
Date min =2018-07-01-00 Delta t=3,600.0 Nt=288
# File containing the species data.

Species: species-cb05.dat

[options]

# With chemistry module (yes or no)
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With_chemistry: yes

# Which chemistry model (RACM, RACM?2 or CBO05, Leighton)?
Option_chemistry: CB05

# With adaptive time stepping for gaseous chemistry?
With_adaptive time step for gas chemistry: yes
Adaptive time step_tolerance: 0.001

# Minimum time step that can be used.

Min_adaptive time step: 10.0

# Maximum time step that can be used.

Max_adaptive time_step: 600.0

With_photolysis: yes

# Photolysis tabulation option compute from tabulations (1) or read from binary
# files (2).

Photolysis_option: 2

[street]

# Parameterization to compute turbulent transfert velocity: "Sirane" or "Schulte".
Transfert parameterization: Schulte

# Parameterization to compute mean wind speed within the street-canyon: "Sirane" or "Lemonsu".
Mean_wind_speed parameterization: Lemonsu

# If the horizontal fluctuation is taken into account.

With_horizontal _fluctuation: yes # yes or no

# File containing the input data for intersections.

Intersection: intersection.dat

# File containing the input data for streets.

Street: street.dat

# Minimum wind speed within the streets.

Minimum_Street Wind_Speed: 0.1 # in m/s

# If meteo data and background concentrations are available for each street.
With_local_data: yes

[data]

# File describing the input data.

Data_description: munich-datal013.cfg

[output]

# File describing which concentrations are saved.

Configuration file: munich-saver1013.cfg
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6.2 IR A

AR SO 285 SR AT VAL R - G v e bn 3k Fob, AP ZE (MB). FriET
PimZE (NMB). bR PR ZE (NME). 7 R% % (RMSE) AR A M R 2 (R). H
THEALUT:

MB=L 31, @0 51
NMB =3I, (Pi-0.)/2 N 0;:100% (5-2)
NME =3I, Pi-O;//21L; 0;:100% (5-3)

RMSE = /%X, (Pi-O.7 (5-4)
R = 2= PP (5-5)

_/zfilm-ﬁﬁ-ml(oi-ﬁ)z
A, POBEALBIIES R, POy P IFIME, O SEpsliiil{E, 078 O M-P34fE, N oV
WA

6.3 Z5 R UG IE

6.3.1 HREREIE

ASHFFUAE b SO A A R G FE b e A B AR 1) 25 AT VA, VPl A 05 i
U 2 m SRR (T2)s FRK (PCP). BEESHLTE 10 m = R XGE (WSP10) PLAZ A
[[] (WDR10), A< SCHI I R] 3 #5230 3 /NI ) 38 18 B SR A R UE LR (NOAA) B
Ko 25 H H S BE 0 (NCDC, National Climatic Data Center) H) S 50#5, X4
WRF-Chem FALL )R E R AUSLE KRBT T IPFE (K 6-2).

% 6-2 WRF-Chem § & & ¥R RiT

[KESH WassE  ERSE MB NMB (%) NME (%) RMSE R

T2 (°C) 11.6 10.3 -1.3 -11.3 28.7 4.5 0.9
WSP10 (ms™) 2.9 33 0.4 12.4 56.5 2.2 0.5
WDR10 (°) 211.3 178.7 -32.5 -15.4 49.6 186.8 0.2
PCP (mm day™) 2.0 23 0.3 12.9 139.0 10.2 0.3
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HRHEFR 6-2 ATLAE HH, WRF-Chem FLAML 1) 2 R -5 I MIAE 2 (M A77E 0.9 /2 47 AR
KA, R UIRAL GRS LB SO, I B N R R AT AR s U IR A G R 2
T 0.5, RMSE 4 2.2; FE/KEMAHKREREN 0.3, RMSE Jy 10.2; A A [READL 45
T RHIRAT N 0.2, RMSE N 186.8. MKT 5, A7 2504 B e NS BN HER L
BT 7 X R B AR A A

6.3.2 fE SRR R IE
855 0 3 2 T T 57 T DU £, 40 B A B B . e
el T 200 2 40 )L B RO R I B o A 0085 DU/ 3 2 (A 8 5L 05 0 5 0 BB HEAT LT, 9

i} MB. RMSE. NMB. NME FI R TG 1T F8 PR PG A 70 AU RCR, Hgh R
% 6-3 Fis.

R 6-3 7B NO, F O3 SRR E RITA

549 B3k A MB (ugm?®  NMB (%) NME (%) RMSE (pgm?®) R

Jib e 1= e 2.16 11.9 21 5.43 0.9
YR=T/N 2.17 12 19.3 4.92 0.93
NO,

AR PR -1.65 7.5 12.1 3.63 0.97

22 2 4 LI 3.38 18.8 29 7.18 0.78

Jirb e 2= Bt 1.61 1.7 5.9 8.54 0.98

PAT/N -4.89 4.9 7.2 9.7 0.98

O3

LR T -1.77 -1.8 5.5 7.41 0.99
2t B 47 ) LI -2.03 2 7.7 12.34 0.97

B 6-3 2O Z AR L Bt 5 NO2 () AT O3 (b) &2 W IR -5 B F0L{EL 2 3] F 5k EE TR
%3 51 NO2 R £ MUNICH #5840 45 RV ¥ Z (MB) 4-1.65 pgm, Ma B HEME 2.
(7% %ZE (RMSE) N 3.63 pg m?, - ZE (NMB) H-7.5%, FIBEHME
RS TIEAR, PRUEL TR (NME) A 12.1%, FHIMERBUEE T 0.97. &k 03k
JERAZE SR W2 -1.77 ug m?, BEHUE S WIMEZ A 7% (RMSE) i 7.41
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pugm>, ARHELCERIRZE (NMB) H-1.8%, PRt FIiR%E (NME) N 5.5%, HHXRE
IEF) T 0.99. 1%k A O3 IR AR A NO2 AL 50 47 5 HL %3k A O3 R L% R 2 Y
ANUE PRI, TER R O3 12 NO2 BB 5 W A IS -

90 ) > ) ) ‘ 300 ) ) r . r
— MUNICH | —  MUNICH
804 ; - - Observation | - - Observation
H 250 1 :
70 L -
E 60 E 200}
E 2
2 50l 2
2 <}
3 = 1501
5 40 5
g c
S 30t S 100}
S 3
20}
50 |
10}

(a) (b)’

07-01 07-03 07-05 07-07 07-09 07-11 07-13 07-01 07-03 07-05 07-07 07-09 07-11 07-13

[ 6-3 AL REERTETMEE = NO2 (a)F0 Os (b EMLERIFM

B 6-4, 2005 o [ W st A NO2 F1 O3 B2 5 5 W UM 22 TAD % bL o ey I m] LA
A, 2l Os BUUBCRAL T NO2, B AT H NO2 BB ISR T I AE,  J5 BIRE AR
T HEIME : O3 AEHUL AT ARG KT He MIME B 5 5 W B A ZE A K. thAl, NO2 B 45 1
R 2.17 pgm>, BEHMERS R T R . NO2 IR FEBHMEIS T R% % (RMSE) A 4.92
ugm>, FRAEEIIZE (NMB) N 12%, fa#Ef-F5iR 2% (NME) N 19.3%, 8 RE
790.93. & 6-4 (b) H O3 BELLGE P20 % 9-4.89 pg m?, HIALERMEERT S S FFE Os
BRAE ISR T BN AR, B AT IRIRZE (RMSE) 4 9.7 pg m™, ArdEfL T2k 2
(NMB) }-4.9%, FrEfbFHiR%E (NME) N 7.2%, #H5 Z2E0A3] T 0.98.

90 - - - - - 250 T T T T T
—— MUNICH — MUNICH
80 |a - - Observation - = Observation
1 ]
'
n
70|n , ! 200
T : \ o
£ 60} £
4] o
i = 150}
w
5 50 g
= S
g g
54 £
3 2 100}
S =
S 301 S
e 3
20 50 Hl
Y Y
10} " ¢ :
’
(a) (b)
0 1 I 1 1 0 1 1 1 Il 1
07-01 07-03 07-05 07-07 07-09 07-11 07-13 07-01 07-03 07-05 07-07 07-09 07-11 07-13

6-4 TN ML B NO, (a)F0 O3 (b)FRINLE RIEM
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K] 6-5 & tt2d B 4 ) LI WS s 55 NO2 Al O3 B4ME 5 I E 2 mxT b . A 6-5
(a) AT LAE H AR T I NO2 iR FERADE S WIE AR i . NO2 BADUBLDL 25 5P 4 fl 22
3.38 pgm>, VAN T IME, WITHRIRZE (RMSE) N 7.18 pgm?, afEtb-F¥ 1R
# (NMB) A 18.8%, Friifb-FHiRZE (NME) N 29%, KX ZEE N 0.78. Kl 6-5(b) J&
N T A% R O3 IR FERTHE 5 I MME O FEOG &R, BELEE R 22 9-2.03 pg m?, 5
AR LRARRBE AN IR 2 el i) Os ALALLRCRAR ], A ASE A0 25 SRS AR T~ M U . SR 1
BITRIRZE (RMSE) M 12.34 pgm, AR ZE (NMB) H-2%, ArifEfbF3iR 2
(NME) N 7.7%, MHKRRZEBOEE] 1 0.97. [FFE, 25 R O3 FIBHURCRIELF T NO2 /Y
BASR .

70 - - 300 - - -
—— MUNICH —— MUNICH

- Observation - = Observation
1 250

200

150

NO, concentrations (ug-m~*)
03 concentrations (ug-m~?)

'
100 E#,
d

50

':I-l, :

L (2), . ‘ | | L(D)

07-01 07-03 07-05 07-07 07-09 07-11 07-13 07-01 07-03 07-05 07-07 07-09 07-11 07-13

6-5 42 2 4h) LR MG 5 NO, (a)F1 O3 (b)AEHILE RIEMN

Il 6-6 & e 2= I H il 1 NOo 1 O A48 45 S 5 W Al 2 M X oG &R . B 6-
6 (a) N NO» IR FE 5 WK X LG &R, tbib MUNICH BAUZE PR 2SN 2.16
ug m>, g AR A a0 B L) LIk gh BAHFE, 1% A NO2 BEAUE B W TERE 5, NO:2
BHME 5 WA 2 R HRIRZ (RMSE) N 5.43 ug m?>, Fr#ELPYmZE (NMB) N
11.9%, HrifEfFIRZE (NME) N 21%, fHEREUEE] 0.9, & 6-6 (b) &~ 1 1%ul s
O3 VR EERLAUUA 5 I M 2 (B XS B R R o 5 At = A3k fAS AR A AR 1Y) O3 VR BEWS &
TSR RE, BHIREETFEImZE R 1.61 ng m?, AR iZAK) Os IR FERHME 5 IME 2
B IR Z (RMSE) M 8.54 ng m™, Wit PRz (NMB) N 1.7%, FrfEfh
% (NME) 4 5.9%, MHXREEE]T 0.98.
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70 T T T T T 250

T T - - -
—— MUNICH —— MUNICH
- = Observation

- - Observation

w S5
=] o
-
f~r
e

03 concentrations (;g-m~%)

N
o
T

NO, concentrations (ng-m~*)

J u 1
Q H P

(a) - "7 " (b))

07-01 07-03 07-05 07-07 07-09 07-11 07-13 07-01 07-03 07-05 07-07 07-09 07-11 07-13

10+

& 6-6 FhIEEE PRSI 2 NO, (a)F O3 (b)FRINLE SRITM

FEFF 48 717 DY A B 42 M 3 sy, O MR FEFRPASS AU A R o I AL, RIS Y43 2 05 3R
FERAURF W 2N 1.77 pg m?, BARIARAEIL T353R % (NME) N 7%, KR
HOLF)T 0.98. [FEF, DA S, G4 RERE . e A, e B4 LT 03 i FER)
BB RS T WD . PUA36 AT NO2 IR BERLL P39 22 9 1.51 pgm™, KL BEAFR
HEALPYRZ (NME) N 20%, MHRRECH 0.89, [RIRFPUAS: irf, s Ak, g
LI R 2 B =3k R ) NO2 YA B AL 45 SR e T M A

6.4 BT KIS R =HFE

AW FR T I E T 2018 427 H 1 HOB 2 7 A 12 H 23 B 4718 25 S5 JtRi,
A3 DL 2018 4E 7 H 2 H MU 4347 NO2 Rl Os IS4 228 1t #e. 67 & 7 H 2 H
NO2 TEAN R ZI AR B . WEIH AT R H, — RN NO2 IRFE 2B 58K
JE /b B fE NG RIS . IR NO2 IR FEAE 30 pg m> & 54 pg m> 2 1], SAE S RY)
VR PE 72 e AN S, AN VB AR AT X 5 SR X DL R 42 76 [X 5 2R X 2 ) A 73 35 )
WREEREIT 45 pgm?. B E 8:00, #SAEES YR R RIE, If BT AL X TS B
FEARIIAGLE 54 pg m™ £ 56 pg m> (A, EIIX NFLLRAERF XATTE NO2 W EERR K .
12:00 118 NO2 ¥k FZHH AR T 5 | 8:00, KRZHEIEN NO2WKFELE 5 pg m™ £ 15 pg m?
218, AN ANHIPGER NO2 WL T 30 ug m™>; BRI T Aot X 8y ek 15 1 5
T30 17 1 BB AT s YR P, 3 B LS 3 7 o DX 885 ik P AR B S 15:00
KEHAETS PR EAE S pg m> 2 10 ug m> Z[0], FH 12:00 £ 15:00 3115 4hFEI 78
15 Qe A3 T 06 B 5 30 oA 5 e iR BEAR ZE 0 L, BRI S A 38 5 44
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WEEIE ] 15 pg m? BL b 15:00 % 18:00 75 AWK FEFF a6 T v, HLI T &1 BBl AT I 2 1
A RIAR] T 15 pg m? BA L, SREF T O E TS J iR R 2 A AE 15 pg m?
DA, AT A5 R0 e 2 2% 95 Gk B 56 pg m.

34°51'N |

34°48N [

[ )
asN | HT TN

34°51'N

34°48'N

34°45'N
|\ ‘
2018-07-02 12:00 2018-07-02 15:00 |
34051'N : 1 1 1 1 1 |: 1 1 1 1 1 L
H “%**
oag | aEifct il
sy I et
= =R v % i
34°45'N -j —E‘Ei/—L‘ —El‘flitzé
|
|

2018-07-02 18:00 2018-07-02 21:00
I 1 1 1 L 1 L= L 1 1 L
114°15E  114°18E  114°21'E  114°23E  114°26'E 114°15E  114°18E  114°21E  114°23E  114°26°E

0 8 km EE 42BN =N .

34°41'N

6-72018 &£ 7 A 2 B#E NO2 BRI= 9%

6-8 MIfE/R 1 2018 4F 7 H 2 H O3 IS fMRIEN TN R =Bl WEhA IR
H, 7 H 2 H O T ik B RO Se RS SN B S E R IR IR . 12 /= 0:00 & i
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