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The Study of Boundary Layer Effect on Air Pollution Transport

'Wei-Kuo Soong ~ *Chi-Chien Shih
'Airforce Institute of Technology
*Weather Center, Weather Wing, R.0.C. A.F.

Abstract
In this paper, Gaussian diffusion model and grid air pollution model are used to simulate the diffu-
sion of suspended particles in Kaohsiung area. We run Gaussian diffusion mode to determine the
ground concentration with time and model is need meteorological data through the boundary layer
height, stability category, and wind speed and wind direction. The boundary layer height used in the
model is simulated by the mesoscale quasi-static model, showing that the boundary layer height
changes significantly at different times. At the same time, the height of the boundary layer is also
affected by the terrain. The diffusion mode sets the wind as the northeast wind and the southwest
wind respectively, simulates the diffusion of the air pollution, and simulates the difference of the
concentration under different boundary layer heights. The results show that the height of different
boundary layers has an important influence on the air pollution. Through the real case on October
22,2018, the Kaohsiung metropolitan area concentration is still mainly related to the mobile pollu-
tion sources. High concentration values appear from the peak time, and then decrease with time. In
this case, the simulation of aerosols, through WRF and CAMx mode simulation, shows that the
simulated wind field is close to the actual observation. However, the PM10 concentration is differ-
ent from the observation. After the model introduces three-dimensional assimilation, the results are
improved a lot and the display is accurate. How to correctly observe the height of the boundary lay-
er is limited by the lack of high-altitude data. In the future, through the unmanned observation vehi-
cle and the wind instrument supported by the Weather Wing C.A.F, the estimation of the boundary
height of the model boundary is expected to contribute significantly to the prediction of pollutant

concentration in Kaohsiung.
Keywords: Aerosol, WRF model, CAMx model, Planet Boundary Layer

42



108 & 6 F 9AEdRE A e % 239

TCRBG R FEROH

RIER ~TREA - AmE

TEREBHFEARAT

wE

FRARATEBBABETRAT > TEANBIARARS  BRORER S FTH54:
(=)W E T > dEm ERGZZERRBE LRG> &2 FRARLE R AN

B [E R T A A G R T ey EA
(ZD)BRNER > gRBENZAXALA NEEFRLBRERE  ERAHIFAMGFEE

LR S FEALARFFANHLE -

()8 ARS > wBRBERWSEEIE > FIABRAER > ERAHAFERGFET » TRHEK

A MGHEE ReIED -

FTRERG T IERNT LR BRO BRI ARTEL  fithdo £E M P RAT
THEIE  HARIMEELZARRARITBEAHRAORE RERNERATAR Bk
BEH ELATAGATI ALY HERRATARHNRRBAHERZ  FTFHE -

JLE A R R £ (= @3 L) AR (850hPak T00hPas & @ 2 & & R )B4 > W R E
BESERRABE AR ERBAIBE0TEE ZHM(6-8A)F R LERHAERL
RALREG X ERRABELAE 5 RERB IR LKA RE + 2CAPE ~ CINS &-3845
EREAM > FEF R LRERZI FAERBRDDELERY  HRBERBELIFE ZH
4% > & 4850hPaR T00hPa 2 & B35 % & ® & Fd @ B > AIRAA M2 B X% -

BlSEF © FHARER - BRAER

q

-s.s-

R BBRHERGERTEE]) > EEETH
40 WA REERBAF L =ZFHRELE
#o PR ED AL AR EBHRE
ABANERERNERMEE  E4HLE
HFRAEEF A A R eE e K 0 KK

o}

el
=

e AW EMEDLES LETE
MGEEE > BFRLEHREANAY
FRME L ~ B ERS L R v L2 LB A

43



108 & 6 *

FHERETRMAEF B2+
BR B UAE ML R BELRKRS 0 R
FUHEZHAERY 0 BLRAR TS
AALERTFRLEHRERE RHAR
2 5H -

A~ XEREAR

B, F(2008) 2 H7 £ L3R AR H R &
R#aT ¢

— s FAHARPE B BAE LR A A
BEA4ERI00NR LR S -

o FHRHANERRAELE - AAL RS
ARt (B2) -

E o EAXFFERGFHRERBE T > #
AR EF 0 EH IR EREARD >
REARGHRTHWAE - (2 4) R 4F
MAENETHREME > ZERAR
SUEA T AT AL AR M e R AR R
— B E Y REMPIT A BRI -

W FEHANEREEANME AL
EHAMAMEGZBLEEET L LK
22 AR 8 A BRAS B AL o

& ~ 925 hPa EATiRdAE » TLLAkA
Bl & A FIFF R R E d B ey
B —FomEm o £925 hPa &
47 &R > 500 hPa ¢y %3] A% &
BEF O FHRHERNES F AL
121.4° ExA R > %925 hPa BT R &

F RTRIRE A 47

44

¥ 239 8

&, > B500hPa &9 33] & A £ &R 6F
FHHEANEL F oA £121.47 Ex
‘?_[3 °

TEL S EEN P R S LR
B ARAE TR F (2009) 7 % R8T A BABA £
EoMmEHRAERNAI—BME A
BRE R B S AR 0 BARGCAPE > & F A
HABRE  -AZHABABRNAT—8 M
T BTG RN G 12 H & R eCAPE
b R eCAPESL 14 H R Ba 4 B B 3R R R
2R Rk (k1) SRR E NI
MR ERIE A% T o CAPEE 2 44t -

REQIDAXRLLERBEREEH
REREFN > EENMERE > EiRE
HABXHREREEBRAEZAKR - BAE
LZREHRB AR BROAZFEHR
gh > HAb & RS A #AL B G B R 3 B
WESER/BEREZY REFHRHAA
B3\ R T BRI & A5 B R/ R
Bz o bt BHRELLRKREEZR
FHREBRETEBREREAR > MAEE
HREREEHMNERRE > RNamthmE
REEZERREAKN - AR LA UHRAB
ZHARATEERRYEALALKALE -
BE2WGRBAE - PRLIKEE S A H
MERASZRAELE PR > E2HFEH
BAE - AAFLRBIRR T RS LF
¥ ik R B8 A 71500 - 1600 LST



108 & 6 * F %37

 HERERRABEEZ S AN EF
AT AR A G e 4k R E (R E 0 2012) 0 2
J& ATOPFLOFR 1% FA 48 Bfl 2% B 4o &2

5 REMFRFE TR

AR RUCE L R R 35105 2107 4
HIFHE 0 TESA X RFTHRAMSE

(METAR) %3t BM A &IB R KB 5414
TRRAEBITHN A ERMEE - £
BREmAL RSB HRERZABA
Frgma EmEEg  XAMEMEEAF
Bl BRI RZE M B A 1055
8 A 198 15018% £17508% ~ 10748 A3 8
1544 8% £ 162285 ~ 10748 A 308 16078% &

185485 (43) -

—~ 105485198 B10748A38 &8 A 30

B A5 B 24

AL EWEI0SESA 198 R HAT#4
—BZ#RE(E3) TASALIE A&k
Z700hPata $f 72 K & ATk — B & > 8A 18
B 700hPat T &35 % £ JLJ&, > 700 £600hPa
A @ Ja, > 600hPast & R A > 8198
700hPast F % % J&, > 500hPasi b & R & ;
HRAEMCAPE/E L M35 FERBEA19H
#1546 3%

SR EI07TH8A3E R AL =

Bz45RE(E4) TRIA3B A@E 2
700hPase ¥ % E 2 A4 — B & % ; 500hPa

45

Rt

¥ 239 8

PUTF B35 AR BB 0 500hParxt E 28 A3 B &
T3 2 ER > BFFIE T L kL BT R
ZFBRHAREARERKR S HREHR
CAPE » = A 35 K3i%£100034 £ -

A LR E 10748 A308 A EATH4
—BZAHRE(ES) TR8A308 A
Z700hPate #172 E & ATz —H &5 818
B 5S00hPa i F /a3 A % & & » Hiids &
CAPE » = B35 %1000 L o

= -~1054%8H198 210748838 A8H 30
B A& B3% 247 -

B 10548 A 19 8 850 & 700hPa X 4.8 A
ETERB(EOT) > 2EHMEMR =
BEMZ &R BHKR AL Lk
& A& @l P J2 LBk — RS A R 48
HREMAES%A L s Fik B F ~ b
Bk A g8 RILT Q#H EBECEBE -

B 10748 A 3 8 850 & 700hPa X 5 B A

HEERRE(ESNo o EEEMIRE
BRSBTS E BSR4
%0 LEME R ER P LIk— BRI A

T ABHZEEYAES %N L Bk A
A LEARGA RIS GEEZELE
WE o

10758 A 30 8 8504 700hPa X & B A
EFEAEE0 - 1) 0 £ B LIS
B A E & RLRE Y BB ERA



108 & 6 *

%o LRI E R EBA T Il Bk — R A
B c ABHEE 0% E S B A
B s R R @ A5 8% B it
e e

B

#

&ap1052 10741 R 32 FH LER
HiREmiLEMGZ ERM BT THR
FRY LKL EFAREABETHE
B R RICEBRGETREIINHRELVE
EHEHERRAFEN > AL RAFBE P
Z CAPE ~ CINR & A45 $ 2 HLEAR B (&
4) AR EBHARBEY S HE - LF
CAPEA# $23b 3R ~ 3R 4 [ A48 B % Bk A/
RERWLHE3 B FAREI00024 £ - B LR A
AT R LIKE S A HRERE > MR
BHAEBHECEMRIGZIRIE > BB EH
WA E BN FRERER
WA AT T ERLAAEHFEAAE RS
£ZRM o A TR LK R ZFBRER
R m Bty HARBERBRELIF
R E

B B 2 R R EL A P R LAk
EFAHAERAESEG @ > 4R
B 2 B35 5 #7 0 $bR 318 %15 89400hPast £
& R Fe HIRR AR T AR R 0 BT B
#]400hPa 2x b & 55 & 3 & 5 & #1850 &
500hPaja. 357 tb 82 14 48 Bl ME 8 K > T4 @

BRIEBHEFRHEMELT AR E

F RpdRE L 4T

46

¥ 239 8

FERZEERIE -

BHWBEASKBN EEFHLE R
HRE iR ML ERLEH > THR
A FERATEG B RSB EARBIIC(KRS)
T A RBILEME FRERE LT R
FRZ 4 # KA > it B850hPaRk 700hPa %
R E3gE /HTEEREG Ry > Al EBEA H
B2 Rk o

B

2~ 5% K

[11#kBRS ~ 38k - £ HM A T F R
B E AL o KAFHE 0 1996 -

218 & ~ AT E ~ B > 23T
% HIR P E BB A UR R Z B4R 0 K
AFHEHAF] > 2008 -

[BIRRKAR ~ BA# - BoiE - 4T > &
FERTINFHRERTREEARLRR
R RAFZHF - 2010 -

[ F 28 ~ B FA# ~ Bidd ~ 3% > 8%

55 GRBAT P& AR R
AR K AU RIF] > 2000 ¢

[STHh 35 ~ SRAR 6 ~ AP & 0 35 RBUEE
T4 MR RO B RAHR A
A2 RIF] 0 2012 -



108 & 6 FOREARE A e % 239

%1 88 - MREREFZHA B RIEN
A AR % 2 850nPa@ ) Ak (kts) -~
LFC ~ EL ~ CINACAPE/4 -

3 pE] ] BEAEE A it A |Fi—

850hPa 4l SW SW SW SW

SSW | ssw | ssw | oswo [ ssw | sw
B (kis) 10 15 10 15 10 10 10 15 10 15
LFC (hPa) 707 | 606 | 763 | 792 727 | 736 | 780 | 658 | 758 | 687
EL (hPa) 246 305 224 226 193 197 211 203 198 199
[CIN (m's) 86 123 59 41 67 67 75 73 65 139 72 105

[CAPE (m's') 375 49 524 405 478 208 865 764 620 582 740 692

K2 BRARHKREATFRESH R

. R AR
100 100 ARE Crook (1996) * e R ¥ » 4 ek B8 R4S ROBBRS
80 AN BA Huntrieser et al. (1997) © f4 8} 8% ¢ 7 4 AATRETHALES

%
B Fuelberg and Biggar (1994) : S RO THEEREE  THALFHS
#) RZ4¥
Wik Tucker and Crook (2005) @ 45 8Lk 7

b % ELA BRI A S ot A

0

o

May Jua. Tul. May/Jun. Jul/Aug. Sep.

L. Aug. Sep. .
ARRIR R R
2 i ( Q‘J—- ) N @ ( % é ) E-—‘l i&m é’] (a) 9T M A E(CAPE)  Adams and Souza (2009) © & 5% CAPE 7]

WA R G A BUOL S A B R SR
~ ~ Vs 5 LE %—/‘» BEARLE BRFQO01) : P RACIEIR THREETERAREKTHE
~ 2] A= 7 7S =/
Kz H (b)ﬁ i B %__ i/j 7}7“ 4b Fa A 2] Fuelberg and Biggar (1994) : #2754 % Ak 40 & B
ik Carleton et al. 2008) © #2454 + 454 LR AR

o (BUER BT 5110

stERRHRE AR - HasF

A3 BRAGDH

FEER
B |TBESE ﬁai%ﬁaﬁfﬂ‘ﬁia&?ﬁ EBRAKR K HE R TS

10507024 31. 8¢ 1300+ 21-22~ & & A M@
1050708+ sE-Fike - - Bg AL @
10507094 ek« v - BEEE R R BaEle
10507194 32.5¢ 1230+~ 23-01+ & FAe @
10507204 32. 3¢ 1530~ 23-00~ AFEFEEH BEe
10507214  33. 1= 14307 22-23¢ | ATFHAGREMEC E@e
10507314 #EF#&« v « EBRESTEE & B HEe
10508014 sFEF & < N BESEZT AR B ELe
10508184 31,8~ 1000+~ 21-00+~ {5 R o BEe
1050819+ 32.2¢ 1300~ 15-18~ 15 e WLES
10607039  FE-F4k~ 1000 20-21- | =EUHEE A EEEe BEe
1060822+ FE-Fike 1330- 05-06+ BERELE e M@
10708034 34. 1o 1330 15-16« #IFEH A WEe
1070814+ 32.6¢ 1130+ 15-17¢ 5B e

10708184 3L. 70 1000+~ 15-18« {5 R o

6B B
1070830+ 31. 4« 1230+ 16-18« [N L&

47



108 # 6 ! F RIEIRE AT

et ot
Sy |

& AN
RO NN
)
At

- -

i

B 4107408 4022048

N4

(I
P et N F .
i L "\ N
i H RS g i
I I I

[T g s

B 5107 08 A 29 £ 31 B 46699 00Z 4t

N4
PAI N

48

% 239 &



108 # 6 * F RApdRE L 4T ¥ 239 8

00UTC AUG_19_2016[850hPa) H & RH%

8107 # 08 A 03 B 850 hPa & 700 hPa

= E H

d o
P o

o i, Nl \ ol o
7105408 A 19 8 13-18 85 & £ =1 % 8] 9103 4 08

B 16 8 0820 5 &M

49



108 # 6 * F RpdRE L 4T ¥ 239 8

= AP s LFC.

8418 A 37. 3. 52. 1 848.

1064, | 8A198. 1546. 2.8 805.

84208 0.3 191. 0+ 678

CAP- N LiC.

8A0208. 498. 0+ 165. 6+ 699.

_ 107 4. 8038 891. 7. 154. 4. 813
10 107 %08 A 30 B 850hPa & 700hPa Y ATET 200 TR 6o
‘_"\:E'!_7 g o CAP- CINo LFC.

8A20 A 178. 2. 93.9. 730,

107 4 8 H30 8. 325, T» 153. 8+ T66.

8 A3 8. 24, 3. 10, 0+ 924.

&S EERBESHE

. %jﬂﬂ* 10000 | 1100¢ | 12000 | 13000 | 14000 | 1500¢ | 18000 |
081;51§; 30e | 3le | 3le | 320 | 300 | 280 | 28
081;7;;; 39 | 33 | 33 | 34 | 340 | 32 | 28
0812!75;; 28- | 29 | 30¢ | 3le | 300 | 290 | 26

s

& 7107

£ 08 A 30 B 14-19 B3 F 2 E % B

50



