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Numerical Simulation on the Wind Ventilation Lane and Air Pollutants
Transport due to Local Circulation Winds in Daegu Districts

Hyun-Suk Koo and Hae-Dong Kim#*
Facuity of Environmental Studies, Keimyung University, Daegu 704?701, Korea

Abstract: Recently, urban planning with consideration of urban climate, represented by the concept of urban ventilation
lane is widely practiced in many countries. The concept of urban ventilation lane is mainly aimed to improve the thermal
comfort within urban area in summer season. It has also the aim to reduce the urban air pollution by natural cold air
drainage flows which are to be intensified by a suitable alignment of buildings as well as use zonings based on scientific
reasons. In this study, the prevailing wind ventilation lane of a local wind circulation and around Daegu for a typical
summer days was investigated by using a numerical simulation. The transport of air pollutants by the local circulation
winds was also investigated by using the numerical simulation model, the RAMS (Reasonal Atmospheric Model System).
The domain of interest is the vicinity of Daegu metropolitan city (about 900 km’). The horizontal scale of the area is
about 30km. The simulations were conducted under a late spring synoptic condition with weak gradient wind and almost
clear sky. From the numerical experiment, the following three conclusions were obtained: (1) The major wind passages of
the local circulation wind generated by radiative cooling over the representative mountains of Daegu (Mt. Palgong and Mt.
Ap) were found. The winds blow down along the valley axis over the eastern part of Daegu as a gravity flow during
nighttime. (2) At the flatland, the winds blow toward the western part of Daegu through the city center. (3) As the
results, the air pollutants were transported toward the western part of Daegu by the winds during nighttime.
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Fig. 1. Synoptic weather charts at 09LST on (a) 10, (b) 11 and (c) 12 May 2003.
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Table 1. Basic features of the numerical simulation model
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Basic equations
Grid structure
Vertical coordinate
Map Projection
Advection

Non-hydrostatic Reynolds-averaged primitive equation

Standard C grid(Mesinger and Arakawa, 1976)

Terrain-following system(Gal-Chen and Somerville, 1975))
Polar-Stereo graphic projection

Leapfrog-type schemes and forward-upstream scheme(Tremback, 1987)

Turbulent Kinetic Energy parameterization Mellor and Yamada(1982) level 2.5 scheme Deardortf(1980) scheme

Surface layer fluxes Louis(1979)
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Fig. 2. Location of wind observing sites in Daegu. The
numbers are index of sites: 1. Keimyung, 2. Hwawon, 3.
Dowon, 4. Gamsam, 5. Seogu, 6. Pyungri, 7. Namgu, 8.
Sadebugo, 9. Daegu Weather Station.
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Fig. 3. Calculation region of domain (a) coarse grid (GRID
D) (b) fine grid (GRID 1I), respectively.
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Fig. 4. Distributions of simulated wind field (unit: m/s) on GRID II. A-F indicate major points related to wind ventilation lane.
(a) 09LST (11 May) (b) 15LST (11 May) (c) 2ILST (11 May) (d) 03LST (12 May).
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Fig. 5. Distributions of observed wind field (unit: m/s). (a) 09LST (11/May) (b} 15LST (11/May) (c) 21LST (11/May) (d)
03LST (12/May).
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Fig. 6. Comparison of the temperature between observation and calculation.

Wttt Fig. 83 7o) dZo|Fo| ILSTIM= =
39 e E MXNE QFEHY Fito] Hojujx

e e E 4 ANeH, [SLSTe| =52 9%
8] g & 5 dslvh UE F 20LSTIME B



TRl AXEEES] IR ¥ |30 287Xz 425

SJEOON

38)

3595%

128.3E 12A35E 128.4F 128.4% 1285E 123.53F 128.6C 128.65C 1287E 128.75f 1288

Fig. 7. Location of pollutant source. A and B indicate
Seongseo and Suseong, respectively.

Latitude

S Ao $HY 2QBAel AEAOT el
23 Qe AL B dddom, A4 BN 55
gol Alsh AR} AAT Hmoz ATk

I
7 A AR AKXz edEHel 4

I e RS B AU £ APHAITTA 03LST
die edgZe] Bl ZAHY FFolA AW
A MEFoz olFske Ag & & e, ole vt
#ol oledst dAske As ¢+ Ak olF
Hol2 2PEHo] NEOR ofFse] g7t FHA
o9 FF Ho= F Bk AL M T #
ATk t71de ofske SAF o] FasA|
€ 7132, vl ofstE AAE Eof ofl
AT A€ AT, W Aede i
LAYE 7 MFQ) ARG MR HL FAHRA]

.68
128350 1284E 12845E 126,56 12855 126.8€ VIBASE '28.7% 120050 \ZB.OE 12885 128350 1204€ 12845 12656 12855 12866 VIBESE 1267E 126,750 1786 12885
Longitude Longitude
36N
60
35954
EE
asasn 7 m/(@
s8N §-E§Z G K]
10 3
19 o
et
3575 ‘K-U’
[l
BN
3363N
.M 38w
128,350 12840 126450 12B.5€ 128.55E 126.6E 128.65€ Y2BTE 12875€ 28.8F 128.B% 128350 12B4L 128.45E 12656 126.55C 128.66 138050 173K 126715€ VISBE 128856
Longitude Longitude

Fig. 8. Distributions of pollutant concentration. (a) 09LST (11/May) (b) 15LST (11/May) (c) 21LST (11/May) (d) O3LST (1%

May).



426 &= Zils

£ 522 3Ael 9Age] Bete Mg o
% Sigiet.

4 =

o] AToME AFH FEAAHS moT &
Aol FAF BPF 2] w3 WML + 9l
= A t7]EY(RAMS, Regional Atmospheric
Modeling System)y& ©]-&s}, dutEo] nj$- oFs}lil
st FAFo Aol BET ZoE JAHe
20039 59 10~1299] 713 AE ez 3 o
TAHY SAEgFo] Avte vl 4L AR
STk oF&E, 7)Ao dlEe WFHA J1gE
7ol #geke ol T slolM FXF %
71299 =AW 58S 2ARIE 2 A3
Tt 2& AES 4% 3, Rl dixIge
Me §802s 333 A fdse 29
T FFE B, MFORE= FTAYoENE T
o] fYsEE AL AT+ Yok

A, ot TR E FEAYQ it
THEAIA, Bt BARS wel AEe] A=
HE fEdol Bk & A F S o
FAE SR AFgo] AR {EEHe TR
TUEe A0 BFIT A AdorMe Pt
o] =AAAFT Y oAAE wEtA Aol
AANE FY=ATE 7 FEAA AANZ F
A ATt FAHE AU AAYRA AEAY
o2 o]Fairt o] W AFNA =UX|AIFH o]
Ao FdE W71 RS sl EFAGoE mA
Whe Zes W7hdd.

YA, dybgol ol FAAste FAFe| o
golg Agele ot FPEe 25 Jgo=,

a7
X,
18
=
=2
2
S
o
=2
2
o
j=9
_
n}l (0
r{o
lo,
18
g_,('
L
o
e
>

299 098Lo] 55
3 lek.

EASE A% EAS dogd urldel ofse
=X el A AFsT Atk ohgd B =
Asesla Qg ouALr F7ke 7lTasgen)
A SN ARG Fue] tE WA FREE
223k Qe meb A7 RN SRR
o8 Y] 9% DR A8 Y 23 o
of FIM 71 tEH Ro] EAFMIN FHE
A% PR B2 4B 28 5 Qe

Aeke] 2y gusles 2ol o}d Sy
INE o EA B3I A5 AEIE 2ABLE, ®
Aol 7FeAE =oske el WmEY e vl
At

¥ fEuet =4 vhge] A 2402 dlEs
=, BAVIFRES 2Ed NN =AAES
TH AsiMe AgEa A3 FXAYe] WY
H ol2F 77t B8] saslolAor & Flont
EAY] 71587S BA] fEiMe 2t 2 o)
71deEE frdsle BAde] A Fasxg,
EAARS] eAlClA vige] A 2d ke Adgs)
TS Fhsteke 7S 2 Ao ol et

2ol 2

2 dFte dEHsY 217|291 EHWE
R01-2002-000-00020-0)2] AAHA| QL= 35U 74l
#Ax A&7 2L =g4ULh

T, 2003, SHE WSS 2@ diexd o9

=
=
27 ¥ AR B

7. ABdsta Aaps
A=, 68 p.
AEAL, 2000, AT 71053 T3 EAAR Y A
. 275 p.

A3, 2000, EASAALGE AT vighER E4ust A
T FANNE WEeE. Mgt sk Mare)
f=, 93 p.

oA, 49, &9, FGA, 2000, MeAY] AP 2
E2] olgxel wE 33 vl B e B A7
71381317, 36 (2), 229-244.

ARSI Heat Island BHETUERAMAZRS, 2001, F
J& 129F1% Heat Island HHEFIE 1CHIT 2 WAhaaias
. 230 p.

Deardorff, J.W. and Petterson, E.W., 1980, The boundary-
layer growth equation with Reynolds averaging. Journal
Atmospheric Sciences, 37, 1405-1409.

Gal-chen, T. and Somerville, R.C.J., 1975, On the use of a
coordinate transformation for the solution of the Navier-
Stokes equation. Journal of Computational Physics, 17,
209-228.

Ichinose, T., Urano, A., Shimodozono, K., and Hanaki, K.,
1998, Impact analysis of three dimensional replacement
of urban activity on urban thermal environment, “Kli-
maanalyse fuer die Stadtplanung”. Report of RCUSS,
Kobe University, 279-285.

Ichinose, T., 1999, The climate analysis of Germany - Cli-



[PRole] 3XEEES| &)

mate analysis for urban plan -. Tenki, 46, 709-715.

Ichinose, T., 2002, Counteractions for Urban Heat Island in
Regional Autonomies: Activities in Councils of MoE.
Japan. Journal of Atmospheric Environment, 37, A71-
AS83.

Klemp, J.B. and Wihelmson, R.B., 1978, The simulation of
three-dimensional convective storm dynamics. Journal of
Atmospheric Sciences, 35, 1070-1096.

Landsberg, H.E., 1981, The urban climate. Academic Press,
Newyork, 275 p.

Louis, JE, 1979, A parametric model of vertical eddy
fluxes in the atmosphere. Boundary-Layer Meteorology,
17, 187-202.

Mellor, GL. and Yamada, T, 1982, Development of a tur-
bulence closure model for geophysical fluid problems.
Reviews of Geophysics and Space Physics, 20, 851-
875.

Mesinger, F. and Arakawa, A., 1976, Numerical method
used in atmospheric models. GARP Publication Series,
No. 14, WMO/ICSU joint Organizing Committee, 64.

Ministerium fuer Umwelt, Baden-Wuerttemberg, 1991,

|42 U oi7|osa0] 26t axlze 427

Luftreinhaltplan Grossraum Stuttgart 1991, Teli 1-Emis-
sion, Immisionen, Wirkungen, 226 p.

Orlanski, I, 1976, A simple boundary condition for
unbounded hyperbolic flows. Journal of Computational
Physics, 21, 251-269.

Pielke, R.A., Cotton, W.R., Walko, R.L., Tremback, C.J.,
Lyons, WA, Grasso, L.D., Nicholls, M.E., Moran,
MD., Wesley, D.A., Lee, TJ, and Copeland, J.H,
1992, A comprehensive meteorological modeling sys-
tem-RAMS. Meteorological and Atmospheric physics,
49, 6991,

Reynolds, R.W. and Smith, TM., 1994, Improved global
sea surface temperature analysis using optimum interpo-
lation. Journal of Climate, 7, 929-948.

Tremback, C.J., Powell, J., Cotton, W.R., and Pielke, R.A.,
1987, The forward in time upstream advection scheme;
Extension to higher orders. Monthly Weather Review,
115, 540-555.

Yamashita, S., 1995, Heat island and amenity. Study group
for climate impact and application newsletter, 11, 66-73.

2004d 29 249 9 3 e
20049 64 3Y #XézL Rela
20043 64 219 93 A



	JGGHBA_2004_v25n6-0030.tif
	JGGHBA_2004_v25n6-0031.tif
	JGGHBA_2004_v25n6-0032.tif
	JGGHBA_2004_v25n6-0033.tif
	JGGHBA_2004_v25n6-0034.tif
	JGGHBA_2004_v25n6-0035.tif
	JGGHBA_2004_v25n6-0036.tif
	JGGHBA_2004_v25n6-0037.tif
	JGGHBA_2004_v25n6-0038.tif
	JGGHBA_2004_v25n6-0039.tif

