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Abstract To simulate dispersion of atmospheric pollutants in urban areas, representative mete-
orological fields were calculated by classifying various meteorological data based on surface
wind direction/speed and atmospheric stability obtained from the 5-year (2015~2019) record of
ERAS reanalysis data. Wind direction and speed were divided into 16 and 4 categories, respec-
tively. Pasquill-Gifford (P-G) method is used to classify atmospheric stability into 3 categories
for surface meteorological fields and Bulk Richardson number is used to classify atmospheric
stability into 3 categories for vertical profiles. The atmospheric profiles of temperature, humid-
ity, wind speed, and potential temperature for a given point (Seoul in this study) were grouped
into the 192 (16 x 4 x 3) categories for each season. The classified atmospheric profiles repre-
sent the similarity of the group relatively well. These profiles can serve as input data for atmo-
spheric dispersion modeling under various wind and stability conditions, providing more
accurate and improved results. This approach ensures that vertical profiles accurately reflect the
properties of surface data, enhancing correlation and reliability in simulation outcomes.
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Fig. 1. Flowchart for meteorological field classification and
meteorological profile calculation.
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Table 1. List of variables required for atmospheric dispersion modeling.

Variable Description Variable Description

Q Specific humidity (kg kg™") stll Soil temperature level 1 (K)

u U velocity (m s™) stl2 Soil temperature level 2 (K)

v V velocity (m s™) stl3 Soil temperature level 3 (K)

t Temperature (K) stl4 Soil temperature level 4 (K)

wd Surface wind direction (°) swvll Volumetric soil water layer 1 (m3m’3)

the Potential temperature (K) swvl2 Volumetric soil water layer 2 (m’m)

ug Geostrophic v-wind (m s™) swvl3 Volumetric soil water layer 3 (m°m)

vg Geostrophic u-wind (m s™) swvl4 Volumetric soil water layer 4 (m°m™)

blh Boundary layer height (m) dnsw Mean surface downward short-wave radiation flux (Wm?)
p_sfc Surface pressure (Pa) drsw Mean surface direct short-wave radiation flux (Wm ™)
prep Mean total precipitation rate (mm h™") | dnlw Mean surface downward long-wave radiation flux (Wm™)

Table 2. PALM-LPM model configuration settings.

Parameter

Value

Horizontal grid size
Vertical grid size

10 m (x) X 10 m (y)
3 m (surface —336 m)

1.08 ratio expansion (maximum 20 m) (336 m — 1,070 m)

Number of horizontal/vertical girds 400 (x)
Integration time (spin-up) 5,400 s (1,800 s)
Boundary conditions Periodic

Pressure calculation method

Temperton scheme
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Table 3. Pasquill-Gifford stability classification table based on solar radiation, cloud cover, and wind speed (Seinfeld and

Pandis, 2006).

Wind speed Daytime: Insolation (Wm™) Nighttime: Cloud cover (okta)
(ms™) > 700 350~700 <350 0~3 4~8
<2 A A-B B E F
2~3 A-B B C E F
3~5 B B-C C D E
5~6 C C-D D D D
>6 C D D D D
Table 4. Pasquill-Gifford stability class.
A A-B B B-C C C-D D E F
Extremely Unstable- . Slightly .
Extremely unstable- Unstable slightly Slightly unstable- Neutral Slightly Stable
unstable unstable stable
unstable unstable neutral
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Table 5. P-G atmospheric stability class and Ri (Leeldssy et
al., 2014).

P-G atmospheric stability class Ri
A Ri<-0.86
B -0.86 < Ri <-0.37
C -0.37 <Ri <-0.10
D —0.10 < Ri < 0.053
E 0.053 < Ri <0.134
F 0.134 <Ri
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Table 6. New stability classes and the corresponding existing atmospheric stability classifications.

Stability class P-G stability class Ri
PGO1 Unstable (A, A-B, B, B-C, C) Ri<-0.10
PGO02 Neutral (C-D, D, E) -0.10<Ri <134
PGO03 Stable (F) 0.134 < Ri

Table 7. Newly classified P-G stability classes (PG), wind direction (WD), and wind speed (WS) classification table reflecting

surface characteristics.

Stability Wind direction Wind direction Wind speed Wind speed
P-G class o 2l
class class range (°) class range (ms™)
PGO1 A, A-B, B, B-C, C WDO1 -11.25<WD < 11.25 WSo01 0<WS<I
PG02 C-D,D,E WDO02 11.25 <WD <£33.75 WS02 1<WS<3
PGO03 F WDO03 33.75 < WD < 56.25 WS03 3<WS<5
WDO04 56.25 < WD < 78.75 WS04 5<WS
WDO05 78.75 < WD <£101.25
WDO06 101.25 < WD < 123.75
WDO07 123.75 < WD < 146.25
WDO08 146.25 < WD < 168.75
WD09 168.75 < WD < 191.25
WDI10 191.25 <WD < 213.75
WDI11 213.75 < WD <£236.25
WDI12 236.25 < WD < 258.75
WDI3 258.75 < WD < 281.25
WD14 281.25 < WD < 303.75
WDI15 303.75 < WD < 326.25
WDI16 326.25 < WD < 348.75

d=714eks] t7] A34T 4% (2024)
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Fig. 4. Vertical profiles of seasonal temperature and potential

temperature according to atmospheric stability classes (PG).
Each solid line represents the average of the overall profiles
for each season.
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