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A Method of Estimating the Motion Trajectory of Atmospheric Particles Using

Air Quality Model and GIS
Zhaoxin YANG and Kayoko YAMAMOTO

Abstract: With the rapid industrialization of the world and the expansion of the scale of economic
activities, emissions of air pollutants are increasing rapidly. Therefore the present study aims to
propose a method of estimating the motion trgjectories of air pollutants discharged from a
particular source. Among air pollutants, the present study picks up PM2.5 which has a strong
relationship with the tremendous impact on human health. The specific methods are as follows:
First, using terrain data and weather date to create the meteorological field. Second, using the
emission data and the air quality model, a two-stage estimation will be performed. In the first stage,
using awide-area air quality model throughout the study region the areas where the concentration
distributions of PM2.5 are tremendously high are selected as the targeted areas in the second stage.
In the second stage, the pollution sources for the areas where the centration distribution of PM2.5
is tremendously high are checked in detail, using roadside air quality model, the motion trajectory
of PM2.5 which is discharged from particular pollution sources is estimated. By this estimation
method, it is possible to provide effective information for the reduction of pollutants.

Keywords. KK/EE7 /L (Air Quality Model) . HiFR{E#H T A7 2 (Geography Information
System) , f/INKE IR PM2.5 (Particulate Matter 2.5) . SEB)#LEE (Movement Trajectory)

iR L, ORISR ARCDLERDH D,

VLEDOHEFRITESE | AT RREET V&

NN, EPETREOWEIE B O R, SEIF

TR PR CBEEM AR LTS, TRH DR

MENITEL V& Z12iE, BROELIERIC
Lo THFRITAHE STV, ZBIC/R->TH
IROMBRE N & 2 % —)7C, HARD¥ELHE
LB ZARAF TE R VEHT LWEEEM AT 5 X
Il oTz, 29 L TCHREBREOIHYENEA, 4
RERMDMEE SN D & &bz, AR b #E
WAL, RRIBRZIL LD & T HANERENRAE
TLEOIT o, 29 LIZREICKLT 5728
2k, FFIEIRKIGGOBIRE TE 572 IEMEIC

HEEH S A7 A (GIS) Z#FIH L, FFEORAE
T2~ B PR & 72 KT Y8 O IE B LS 2 HE
ETHHEARETHZEEEMNET D, A
TIERKIEYEE L LT, ANFORRE~DFEN
RS STV PM25 (B NRiFIRWE) %
Iy %, E£7=, HE LR OEBHURNC K
D . PM25 OFIExHRIZ L TRk L 0 b A7
THMIEREZAT 5,
1.2 BRESTYEF DSATRIGE & AR FEDOALEAT T
AWFIEO B B 3 1T 5 SEATHFE Tl (D)
KRG E BT 20198 & LT 1% 5 (2007)



R ENEEA A HOMWEHEE 2 N L, %
EWROHFG 2R Lz, QRKIBYWE & K&RE
ETIVCER LIeiFE e LT, 1S (2004) 1%
REIEHET VLD H A A F 2V VEHOZEBH O
VI ab—varETY, KREERETAVOR M
PEAERRGE L, Vid (2011) 72 Ei13 44 A%~ 8
DRZF OB ZHEET D 72O KR ET
e GIS 2T Z L oaAEE R LT, (3)
R A7 OFHEIZBIT 2850 & LT, Ishiietal.
(2014) I REIEBET V& GISZHWT, IR
PH & e B sk O B O 2 R T H A A
FEOPEHCR I 2R LT, BB Y A7 23l %
HEERE LT, LLEOJEATHIZEIC R LT, AHF
RTIEINETHEVRGE SN STRE
DOFAPEN HHEH Sz PM25 2 H) BT, KA
EETI/VE GIS ZFIH L CREf e i Bh Uy 2 HE
ECTEDLHEERETDHZ L TMANEEZRT,
7o BEfFOYEBER & A O TET L OREE N
EEE5Z E CHAKERT,

2. HEDOMH L HIE
2.1 HEE DA

(1) K55 DERk

M7 — 2 2 AT e 5 & 7 2 G
IR L, BT 5, 4 FFfE & EEHEDO KSR T
— &2 & W T, MRFRFHADORGE T — & Z1EK
T %

(2 BEHE STV A DIERL

PE o U AT 2 D D & —EE D Z o
DY > TV A 2T 5, SRR T —#
LB 2 7 A SMOKE (Sparse Matrix Operator
Kernel Emission) #-X— & & LT, Z2f#] - K[ -
{LFREOE Y 2 AN U CHERT T 5, 22l oy e
B, PRI OERL AR, ERER LD GIS
T =& HWTHERT %,
() RREDHER!

KRG & SMOKE THERF L7z gk 7 — & 2 v
T, R —A %Y %, CMAQ (Community

Multi-scale Air Quality Model) = & v K&UVE % HEFt
T 5 Z LT, PM2.5 OGRS A A R T D,
(4) FH—BREOHEE

BTl CMAQ DRI KRR EE T L% [
N TC L RIS S ik 42 ek &\ 5 IS EEDE C 1km 2 Y
v REEHET — % (3IRA v = L[AER) & HWT
HEE L. PM2.5 ORI LA i W Hl 2 232,
T, HEEEEBREE TS EICLD, £
TV OREEE & BRRET o
(5) # _EMroHEE

B CTERE SN PM2.5 ORI
UWHIIZ 36U CTRARIFIC B9 2 0 24TV . AT
5 (2013) ZZBITIhERKJEET V& VT,
FEEDFEAEJPT 100m 7'V v REET —4% (5
Ay o LRER) ZAWT, BEDIRAEFRHHE
S 2 PM2.5 OB 2 3/ HEE 2,

22 #EFE
221 R&REET NV

RIEET VT, REPITHH S o WE Dk
M REREOBMREHAE TR LET
NThbd, £, R]REETMZIE, N7 - T
— DR TV, ARy 7 AR ST T L
NP2 N)—REF AR L OFEOT
FANRHY FAHCGEC TGBRENDERE T
HbH, LIPLAERLEBETIE, RKKREET/LEN
X, ZWoeAA 78 (BF) O7L—LhU—
7 &R RRUP Ak SN D 2SR E &
H 5L - ALFRERE R, A x LB T D
BEZTHTHETANAS, A=V END,

222 [RBRKET IV

(1) KRR REE T L O

—IZ, REEREEL, A OTEE) & OV E SRS
D ORKASOHEHPA, BUZ L > Tk Ih b &
EBICREULZEZE R 2§ Z L2 k- TERK
Sho, LFWEOBEITREHICE TRATE
V. BAROKKEIZIIKED D O O F 513



MCIP

CMAQ “™

ICON
BCON

-1 CMAQ DL/ nu /T A

BHAOZEBNHNLNT WD, ZOXIRATr—LD
ﬁ%%ﬁﬁ%@?éﬁﬂ%TW%fWﬁhﬁ
TV LR, HHICEBIT 5 — R KRR D T

@K%:@%?Wﬁ%w%ﬂfwéo_ﬂ XL

AAFFECTH S CMAQ 1Z, Fortran90 TE ) iuiz
KEACFWEET VD= bDT 0 75 AETH
%5, CMAQOFER 7/ 7 &K 1LIZRT,

222 IRERRET IV

PEH T A3 — M BREE LB 2 £ T iy
PWFEPFHN T, REULFROL & RER T 2
T ADEEIIT, —MAIZIE, BUSINZ T, #Bi
TIN5 B S ANE IR 72 & OREIEMIZ X
LR KR ER T %5, 2O XS ATr—v
DHGEFH, - THT 2 KKRET V& IRERKE
EFILEMEE, INERKEET /LTI, A A
M OREIEY) O TR I DWW T Kt . JLHK
Bile EORBERE SREEICHET A N T
%, OpenFOAM % W= ihE RKEET LD
SR 7 n—%K 21287, ZOET A TIERMT
B OEEN 2170, ChTEL KT
FEGE & W AP &S & VT, AR T
A CEHMAT) ZfRE . PM2.5 O ZE IR/ Ah
Z T 5,

3. FFFExt SRk DRE

ABFFECIE, RS ORATED HHEH S KR
TEYSRL O IR & HEE T 5 xSl & LT
JEIR R E T V& T2 55— B O HEE D%t

‘ SHEL 7
SRR T — & Z
A\ 4
Gt
R
P
| Be Ry — 2
UL Te
ST 5 | SRR OB R — &
/f\{n FHE
\4
SHE SR

2 WMERKEETIVOHE 7 a—
) Ak S (2013) Z#HEITHERL

=

2\ f
o

-3 BFFExt Gt (B E)

LaE0E, X 3R TRERE A E 75, hiEKR
[E "“/WEﬁHb\fz BB D HEE O %t G R

— B[ CHEE S VTG Gk DIREED S
%ﬁ% RTET D, o B CHERA MR T 5
AE7Y Y MI3RA Y2 (WkmZ U v 1)
55 fEl, ->F£ Y Bkm*5km OfEMK & 72 v | BEHE
D7V MU 42¢57 L 70 D,



4. B—BREEOHEERFR
F—BEBETIT, 20094F 1 H 1 B 5 2013 4 12
H 31 BHE COBKEICET DRG0 T — 4 & 1Bk
L7, Bl& LT, 2013 4F D AELE % [ 4, 4 W¢fH]
EO BB Z X 512777, K5 XV, WFExt5H
WAZBIT DO E AHET L LN TE D, 2
NHOTF =2 AW THMEY TV A& ER L.
HBBEOHEE 21T 5, T OHEERE R 2 IEICHETE
i & BHIE 2 e L, KRETT /L ORSE % MG
T2, ZL T, R FRENE O HUKAZRE L, 5
T BBE OGRS & 5,

AW
SRR
) BLE([m/s]

[}]-5 2013 (Z 31 2 AL

5 BT

AMFFETIE, Ak B _BEREOHEEIZ LY |
R 8 DI B OYLEGEHR ORE E & REET 2
&L BIT, AW TRET DHEE F1ED TR H
XV EBIGIGES T A DI #ERD, £
7o AT, (GRWEE L TAETHE
FextBR L Ty o 7= PM25 2 EY EiF7=,
ARFFEDHETE 51T, PM25 721 Trdze < Rl
OIGEGEOHEEIZBIEAT 5 Z ERARETH
Do S BT, AWFFETHERE L 7KL O IEEN LT D
HEERE R A FAT, BRIEY A7 OFHl T IEZH L <
RBET D,

BEM

1) HEFFIRE, BUERERE, (LA, MR, HARE
I, Morx REEF SNV~ ANRT U RIEIC L D
HAFFX T HOF AN GHER T iE O RRE,
2007 £F B O BR BT RIIT 2T 470, pp.63-68, 2007

2) VRN, VEARITN, ARG, &FE, THE
3, MR ik A R G & LT BRI S
B ATy D ZEM M HEE B DTSR,
EICA, Vol.9, No.2, pp.273-276, 2004

3) AHERM, IUAFEH T RKILHEET VL& GISE
FWIZEREE Y 27 OFHli 75 BT %8, &+
iwmC, 2013

4) BRRE: BIREIRIROFAL D720 D RK[EET
NOREEER FIZBI D AESE, EEERSC, 2014

5) J. F. Vid: GIS and Atmospheric Diffusion Modeling
for Assessment of Individual Exposure to Dioxins
Emitted from a Municipa Solid Waste Incinerator, In
J. A. Maantay, S. McLafferty, Eds., Geospatia
Analysis of Environmental Health, Springer Verlag,
Berlin, pp.443-456, 2011

6) M. Ishii, K. Yamamoto: An Environmental Risk
Evaluation Method Employing  Atmospheric
Dispersion Models and GIS, Journal of Environmental
Protection, Vol.4, No.12, pp.1392-1408, 2013

7) F. S. Binkowski, S.J. Rosdlle: Models - 3 Community
Multiscale Air Quality (CMAQ) Mode Aerosol
Component 1. Model Description, Journal of
Geophysical Research, Vol.108, No.D6, pp.3-1-3-18,
2003

B)AFEL, (HiESRLE : OpenFOAM % FH - iRiE KA
'HE7/LOBI%, JARI Research Journal, pp.1-5,
2013



