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Abstracts

The atmospheric environment of urban area is important in the city life because the weather such as the temperature
and the wind directly or indirectly affects the human life and it can increase or decrease the urban air pollution. It is
vulnerable to air pollution than the atmospheric environment of rural area because of high energy usage, low albedo,
low latent heat flux, and high air pollutant emissions. In this study to analyze the atmospheric environment features in
Busan the urban atmospheric environment map was made and it consist of the atmospheric environment element map
and the atmospheric environment analysis map. The atmospheric environment element map covered the topography, the
urban climate, the buildings stories, the air pollutant emission, ozone and PM10 concentrations in Busan by using arc-GIS
and Surfer and the atmospheric environment analysis map included the thermal environment and the wind flow by using
WRF meteorological numerical simulation. The meteorological elements from 2007 to 2011 in Busan were used in this
study. As a result, in the center of Busan the temperature was high, so it is needed to make the roof garden and retain
wind pathway from the mountain. In Buk-gu along to the Nakdong river the temperature was also high, so it is required
to perform a green business at the riverside of Nakdong river and to retain a wind way. To analyze the air flow of
Busan 3 clusters depending on the wind direction were extracted with the cluster analysis. The results of the analysis
on the detailed wind field of each cluster showed that the weak ventilation could be happened locally at the specific
meteorological condition. In order to analyze the atmospheric environment in detail it is necessary to simulate the air
quality in specific and smaller area. This study is expected to enhance the understanding the atmospheric environment

in Busan and provide the assistance to make the environment-friendly Busan.
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Fig. 1. The numerical model domains for WRF' simulation,

Table 1, Description of WRF system

Domain 1 Domain 2 Domain 3 Domain4
Horizontal grid 107 %107 91x91 61 %55 60 %57
Horizontal resolution 27 km 9 km 3 km 1 km
Vertical layers 28 layers

Physical options

Kain—Fritsch scheme, RRTM Longwave
Dudhia Shortwave, YSU PBL

Initial data

NCEP FNL Operational Global Analysis data
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Fig. 2. The topographical map in Busan,
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Fig. 3. The land cover map in Busan.
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Fig. 4. The map of building height distributions in Busan.
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Table 2, The atmospheric elements analysis in Busan from 2007 to 2011

Name of AWS Mean Daily Mean Daily Mean Daily Mean Daily Number of Mean Dail
Stations in Busan Maximum Maximum Minimum Minimum Tropical Wind Spe eséi
Temperature Sensible Temperature Sensible Night (m /SI))
) Temperature (c Temperature (Days)
() (c)

BS Busan 18.6 19.1 12.0 10,7 87 3.3
YD Yongdo 17.5 18.2 11.9 10,7 36 3.5
BSJ  Busanjin 18.4 19.5 11,7 11.4 113 2.0
DR Dongrae 19.1 20.2 11.5 11.3 113 1.9
DY Daeyeon 18.6 19.8 12,2 12.1 123 2.1
BG Bukgu 18.4 19.6 11.0 10.6 83 2.3
SYM Suyoungman 18.8 19.4 12.2 11.2 88 2.8
HUD Haundae 18.8 20.1 12.0 12.0 62 2.3
GJG  Gemjeounggu 18.8 19.7 10.8 10.1 98 2.2
GDD Gaduckdo 17.7 18.1 12.1 10.2 36 4.4
Gd Gijang 18,7 19.6 9.9 9.7 37 2.1

17.5°C  17.8°C  18.1°C 184°C 18.7°C 19°C
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Fig. 5. The map of Mean Daily Maximum Temperature(left) and Sensible Temperature (right) in Busan from

2007 to 2011,
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Fig. 6. The map of Mean Daily Minimum Temperature(left) and Sensible Temperature (right) in Busan from
2007 to 2011,
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Fig. 7. The map of Number of Tropical Night (left) and Mean Daily Wind Speed(right) in Busan from 2007
to 2011,
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Fig. 8. The wind rose map of Busan from 2007 to 2011.
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Gangs Gem Gi Nam Dong Dong Busan Buk Sa Sa Seo Su Yeun Young Joong Haeu
eo jeoung jang —gu —gu rae jin —gu sang ha —gu young je do —gu ndae
—gu —gu —gun —gu —gu —gu —gu —gu —gu —gu —gu
PM10 660 91 100 74 445 64 108 151 114 551 524 39 78 134 35 112
NOx 10034 2163 2468 1822 6267 1620 2593 3347 2030 9441 7108 1046 1822 2167 836 2887
VOCs 3651 2021 1644 2238 893 1707 2954 3136 4119 5813 968 1139 1825 1146 558 2923
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Fig. 9. The air pollutants emission map of PM10, NOx and VOCs in Busan.
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Table 4, The Achievement of the Ozone and PM10 environmental standards in 201 12

The number of

The . The rate of
The number relevant stations :
Environment standards nu?okfgi of of wvalid 2;3;?;?1%2?}%
- i hi t
stations stations  ac elflzem achieri/%ment standards(%)
8 hours 0.06 ppm 6 233 2.5
Ozone 250 239
1 hour 0.1 ppm 143 96 59.8
1 year 50 4 g/m” 133 106 55.6
PM10 3 250 239
24 hours 100 ¢ g/m 4 235 1.7
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Table 5. The air pollution distributions from 2007 to 2011 in Busan,

GBD GAD GJE NSD DYD DJD DCD MJD BGD YSD YSR JLD JPD JD CLD TJD HJD

(()I:)ZSIIIIS 0.022 0,030 0,025 0,030 0,025 0.024 0,026 0,026 0,025 0,023 0,032 0,022 0,023 0,030 0,025 0,030 0,022
(ﬂP MIQ" 54 40 38 5 51 58 53 56 50 45 47 63 55 37 53 46 63
g/m’)
GBD Gwangbok—Dong DCD Deokcheon—Dong JPD Jeonpo—Dong
GAD Gwangan—Dong MJD Meongjang—Dong JD Jwa—Dong
GJE Gijang—Eup BGD Bugok—Dong CLD Cheongyong—Dong
NSD Noksan—Dong YSD Yeonsan—Dong TJD Taejeoungdae
DYD Daeyeon—Dong YSR Yongsu—Ri HJD Hakjang—Dong
DJD Daejeo—Dong JLD Janglim—Dong

0.02 ppm 0.025 ppm 0.03 ppm 0.035 ppm 0.04 D!

t. r ¥
ap A
=
10 L8/ 25 ugft 40 pg/m 55 gy 70 s

Fig. 10. The ozone and PM10 concentration distribution map in Busan area,
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9
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2007

2007.07.27. 1400LST

Ozone
(ppm)
PMlQ
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Fig. 11, The wind flow

Table 6, The Ozone and PM10 concentrations on the day of the highest temperature in Busan for 2007
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wind flow,
6 M4

2010.08.05, 1700LST
21

15

GBD GAD GJE NSD DYD DJD DCD MJD BGD YSD YSR JLD JPD JD CLD TJD HJD
25

0.025 0.019 0,019 0.027 0.021 0,023 0.017 0,023 0,018 0,011 0.016 0.025 0.013 0.024

at the highest discomfort day in Busan for 2007—2011;

2007-2011;

Ozone

(ppm)

PMlO3
(1 g/m”)

Table 7. The Ozone and PM10 concentrations on the day of the highest discomfort index

Fig. 12. The temperature



A =AW AN =S F8E direE 54

¢ Zle s deEr

ad A Y A7 o] eE3F PM10 % BEE Fig,
11 83t Table 694 dehfslch &2 Hd%F
0.118 ppm, H&% 0.106 ppm, A4S 0.108 ppmI}
o] FARS] FAFoA tha EA UEhgen ojs FA
SHFOA FEeIEA Yehd 2oz Qs e 2
Zol AAE Zoz wadry, PMI02 WiEdol &2 &
AR el sPgEOA 123 4 g/m’CE =4 Yeh, 1

o
tlo
o
il
rO
()
=2
X
i
i)
U
-0,
of
odt
filo
=)
A

Ll
e
i)
N,
P

= i
[\
(@]
=
(@]
0
(0e)
e

9/5 X AF2=(T)-0.55 X (1-AHEFE)(9/5 x A+
£-26)+32 22 YepA Hrh, 7|4 AisE w4
£ 25HRE oustH, B3 A7t 75 o)A di= 50
% o1 Abgrol EHEHA =7]™, 80 ol wi= iR
o] Abgto] E7HE L7)= Eolt Sig Akl Y AT
o] xme] Ayt F vk, 2k, 5k, 7| AAS
=o|(PBLH)E Fig. 15 At yehiiglen, Fig, 15
shtel 192 FAIZMY tir|edE5Ad4a @3 PM10
FEE YeRd ado|tt, g dels FEol Eol oA
kel Het 3717 WEHLoR olFsta qlglen, 1

2, 52 Fkof 7o ® s WA B4 HE

4] 191

Hr

G Aog wohE

i A Y AlZtHe] @ =3 PM10 5% B2E Fig.
12 3pda}t Table 7oA Uepdiglch &2 EEo
0.031 ppm, =AHE 0.027 ppm, FEF 0.025 ppm S
2 ek FAoR tha B Yyehgon, PM10E AX
550 ¢ g/m’, A% 44 4 g/m’® 02 HEE ot F
Ao tha w7 Yepd BEE Bk ol Fig. 129
714 AS =o|(PBLH)7} #4HA S E& S7te 54
©& 500 m oJ3tR thh WA YEhgon o]z <3}
g0 FEE Jeid dlgo s dAE W2 g7 FAS
oz o7k @& 9 PM10°] thh 7] Yepd o=
L=y

i)
il
1o
oyl
H1
o
oL
o
flo
e
=2
i
>
o
u)
N
to
of
i
i)
1o
o

L ym
[of
]
filo
2
o
ol
S
2
ok

H1
o
S
Hef
il
o
-0,
i
o
H
o
=
rid
=
K,
ne
pa)
el

71328 A E 7] 93 20078 ~2011
mm ©|5k3] 7Lt At
ALt 1,374 127) A9l AWSS] 33
o}, ZF A1de] A & B4t FAEER u

gom, & 127] AWS AHY]
T+ A5t 3719 PR YRel
Al

fw

— 18 o

10 o 10 o2
[\
o N
S
o
N
3
o
(@]
[S2 !

¥R o

o Hr nZ oy X N N o
X ox
ol

< ol
ox
ok
ot
o
<
u
Y
S
ol
Qb

o o @ £
LN
A ﬂj
o o
s
£
o
X
2
Ui o
()
O
do
~
>
ox
3l
rir
o,
o
=
u)
X
oW

Table 8. Statistical tests for determining the number of clusters

No. Cluster R2 Pseudo—F Pseudo—t2
10 0.4488 123.3002 51,7123
9 0.4445 136.4367 10.0820
8 0.4436 155.4432 2.4997
7 0.3412 117.9332 243.7139
6 0.3403 141,0145 2.5404
b) 0.3336 171.1909 12,6933
4 0.3309 225.7190 6.9093
3 0.3279 334,257 5.6189
2 0.0015 2.0264 665.5068
1 0.0000 2.0264
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Table 9. The average u, v components according to each cluster after K—average cluster analysis in Busan AWS

(m/s)

Busan Gudk You8 Gk Gjang Haoun Busand Gemico Dong gy, Dac - Surow

Cluster U 192 2067 156 113 063 126 025 058 062 044 124 0.36
I v 2,41 -0.33 2,55 -0.69 0.8 144 093 0.75 0.81 1.13 0.69 1.74
Cluster U —1.62 —2.88 —2.45 —415 026 -0.98 -0.40 —-0.90 —1.14 —0.51 —1.66 —0.72
I v -—-1.74 -1.86 —-2.58 -0.80 -1.81 -1.36 -0.55 -1.91 -0.79 -1.92 -0.76 -1.21
Cluster W 156 520 105 226 121 150 180 050 018 064 133 208
L v —-1.70 -3.12 -0.18 -2.57 -0.62 -0.32 -0.84 -1.16 -0.98 -0.44 -0.20 -1.78

FoAE EAZ2 Il SAS(Statistical Analysis
System)< o]-&dto] O 5 FE5k o, o] 3
o 5 7|&3%to] FAZREIAHS SPSSE o]&sto] 7+

oft
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pseudo—F, pseudo—t2 Zt& YEFH EZ pseudo—F Zt
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Table 10. The Ozone and PM10 concentrations on the minimum day of the statistical distance index among

Cluster I ; 2010.9.3

(unit : ozone—ppm, PM10—ug/m®)

GBD GAD GJE NSD DYD DJD DCD MJD BGD YSD YSR JLD JPD JD CLD TJD HJD

Ozone

(13001.ST) 0.021 0,015 — 0.006 0,015 0,027 0.033 0,019 0,023 — 0,039 0,013 0.012 0.015 0,029 — 0.018
PM10
(Daily 32 20 - 40 49 28 41 b5 45 20 36 51 55 21 31 36 A

Mean)
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Fig, 13. The air flow and air quality map on the minimum day of the statistical distance index among Cluster
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Table 11, The Ozone and PM10 concentrations on the minimum day of the statistical similarity index among

. ozone—ppm, PM10—ug/m®)

(unit

Cluster I ; 2008.10.5,

GBD GAD GJE NSD DYD DJD DCD MJD BGD YSD YSR JLD JPD JD CLD TJD HJD

0.019 0.051 0.030 0.064 0,055 0,038 0,044 0,050 0,047 0.043 0.032 0.026 0.040 0.060 0.048 0.066 0.024

Ozone
(0500LST)

66 54 89 60 74 U6 47 69 72 66 42 91 48 66

72 45

PM10
(Daily
Mean)
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(unit
98

46

032 0.032 0.035 0.014 0.029 0.036 0.033 0.028
48

o7

039 0.
79

1034 0.045 0
68

72

025 0,021 0
59

.26
68

2008,11.26,
2008.11
0.025 O
41

’

3

GBD GAD GJE NSD DYD DJD DCD MJD BGD YSD YSR JLD JPD JD CLD TJD HJD
48

Cluster II
Cluster I
0,032

Ozone
(1700LST)
PM10
(Daily

Mean)

Table 12, The Ozone and PM10 concentrations on the minimum day of the statistical distance index among

Fig. 15. The air flow and air quality map on the minimum day of the statistical distance
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Table 13. The Ozone and PM10 concentrations on the day of the lowest wind speed in Busan for 2007—2011,;

2010.12.1

(unit : ozone—ppm, PM10—ug/m®)

GBD GAD GJE NSD DYD DJD DCD MJD BGD YSD YSR JLD JPD JD CLD TJD HJD

(140581?5@ 0.068 0,048 0,037 — 0,047 0.053 0,042 0.040 0,035 0,047 0,045 0,033 0,072 0,048 0,047 0,046
PM10
(Daily 110 95 84 163 120 120 99 104 100 108 77 156 109 87 93 115 162

Mean)
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