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Abstract In this study, the biases arising from different Planetary Boundary Layer (PBL) parameterizations were assessed
in Seoul metropolitan area for the period of March 2~6 2019, when a extremely high PM, 5 concentration were observed. We
employed WRF-CMAQ and carried out three sensitivity tests from different PBL parameterizations: Yonsei University (YSU) as a
nonlocal scheme, Mellor-Yamada-Janjic (MYJ) as a local scheme, and hybrid local-nonlocal scheme named Asymmetric
Convective Model2 (ACM2). Our simulations of three different PBL schemes yielded 6~30% of NMB (Normalized Mean Bias) of
PBL height (PBLH) against observations between schemes, and showed different characteristics between day and night.
During daytime, nonlocal PBL schemes showed seemingly better PBLH simulations, whereas local scheme simulated better
for nighttime for our study period. However, all schemes underestimated nocturnal PBLH, thereby inducing higher surface
PM, 5 concentrations. On the average, the bias ranges of PM, ; were about 11.1% against ground measurements. However,
our PBLH tests induced 9.9% variances for daytime, whereas nighttime PM, 5 bias ranges were about 13.2%, indicating much
higher uncertainties in nighttime PBLH for the given period. This suggests that more comprehensive measurement-modeling
PBL studies especially for nighttime are essential for the improvement of daily mean or nocturnal PM, 5 prediction capa-
bilities.
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(Dzevre and Aramola, 2020; Stull, 1988) (13 1).
RRo] i B4 A FRT 2 AAE
7 25 A] (turbulent kinetic energy, TKE)©|™,
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Fig. 1. lllustration of local and non-local mixing processes
in Planetary Boundary Layer (reorganized from Ahasan et al.,
2014).
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Fig. 2. Three nested domains for WRF-CMAQ modeling and observation sites. Indications are shown for Jungnang PBL obser-
vation site (blue dot), ASOS & AWS (red dot), and AQMS (green dot) in Seoul metropolitan area.
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Table 1. Description of domain and physical/chemical options for WRF-CMAQ modeling.

WRF model domain

Horizontal resolution
Horizontal grid

Vertical layer 31
Running time

27 km (D01), 9km (D02), 3 km (D03)
185x% 139(D01), 70 X 85 (D02), 64 X 67 (DO3)

2019/02/26~2019/03/08 (241 hours)

WRF option

Microphysics

Longwave radiation
Shortwave radiation
Planetary boundary layer

Cumulus parameterization
Land surface
Surface layer

Reference
WSM3 (DO01) Hong et al., 2004
WDM6 (D02, D03) Lim and Hong, 2006
RRTM Mlawer et al., 1997
Goddard Chouetal., 1994
YSU Hong et al., 2006
MYJ Janjic, 1994
ACM2 Pleim, 2007

Grell-Freitas ensemble
Noah land-surface
Revised MM5 (YSU, ACM?2)
Eta Similarity (MYJ)

Grell and Freitas, 2013
Tewari et al., 2004
Jimenezetal., 2012
Janjic, 1994

Carter etal., 1999

CMAQ option
Chemical mechanism SAPRC 99
Aerosol option AERO 5

Carlton etal., 2010

AIE 5T (Kim et al., 2020; Emery et al., 2017;
NIER, 2017; NIER, 2013; Boylan and Russell, 2006).
PM, s ‘&&= 0 SFoPdE Zhmof digt A5 S8 1]
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St mpR|eko 2 SPSS (Statistical Package for the
Social Sciences, v28.0)E ©]g5}o] Hiohd mo] Axt
O] o] (p-value)= TAIH o2 Ttshict,

3.4 OIMIHX| 29| 5= 2K &
giord wWxt 24
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£ Adste] ti71d oM RoJshs ulAHA] &
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PM,s 3% 1] (T S8 Trfu o)) o] 32 2
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Table 2. Results of WRF-CMAQ model evaluation by using
five statistical parameters.

NMB NME RMSE I0A r
YSU 9.6 171 1.58 0.96 0.94
T MY)J 8.7 143 135 0.98 0.95
ACM2 1.1 17.3 1.61 0.96 0.93
YSU 44.7 71.8 1.48 0.64 0.40
WS MYJ 727 90.3 1.89 0.67 0.51
ACM2 46.5 714 1.49 0.64 0.40
YSU -13.9 19.5 15.94 0.88 0.78
RH MY)J -6.2 15.8 12.70 0.90 0.82
ACM2 -15.0 19.6 15.90 0.89 0.79
YSU 6.1 35.0 0.26 0.90 0.86
PBLH MYJ 27.9 54.3 0.40 0.83 0.80

ACM2 20.0 50.5 0.36 0.86 0.87

elstrt. 03%’-01%1% TE-mEgte] A =
A A, BE HREA §o4<E p<0.001 2 HER
A, o] %ﬂl@iﬁ(ﬂﬂ 53 99%) -oju) et Axt
le]

Mo A St g

o
SREIEe} 7 AR —:z— o] 2} erel
Aejaia WS v WEet @ 19 3ol ekl
oItk 1 A3 49 % AFNERRE AR}
PAVIRE Bol R FYHAT 5Y FF B
o Mot gtz s A o] WA Hast
L 2 AT 5 Sk oG 5L 9% 49

of oJ5f gHteoll A WELE Tt A YEhd AR A,
274 2 850 hPa U7 =5 Fofl L 71GHiA S el
a17]%ke] 9]
oA wiEd

SFATH(NIER, 2018). 8 ©l5 H2&
At F= A4xIA] (Ao 7-|I%l-5]Hel)

gmY) (ugm®)

Ysu -410 429 539 078 062
PMys MY -463 467 557 080  0.69
ACM2  -434 445 539 081 068

NMB, NME (unit: %), RMSE (unit: Temperature (°C), Wind Speed (m/s), Rela-
tive Humidity (%), PBL Height (km), PM, 5 (pg/mg), 10A, r (no unit)

0 30 50 70 100 120 140 160 180 0 2 4 5 8 10 12 14 16

Fig. 3. Horizontal distributions of daily mean PM, 5 concen-
trations and wind vectors simulated by three PBL schemes:
YSU, MYJ, ACM2 (left), and their daily mean absolute biases
(right) simulated for the period of March 3~5 2019.

J. Korean Soc. Atmos. Environ., Vol. 37, No. 6, December 2021, pp.835-852



[ - -
70 100 120 140 160 180

0 3 50

(ugm®)

Fig. 4. Horizontal distributions of simulated and observed PM, 5 concentrations with wind vectors from three PBL schemes:
(@) YSU, (b) MYJ, (c) ACM2 at 00 KST and 12 KST on March 4 and 5 2019. Circle shows observations at AQMS.
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Table 3. Results of WRF-CMAQ model evaluation at Jungnang station for daytime (12 KST~18 KST) and nighttime (00 KST~06

KST).
Daytime Nighttime
NMB NME RMSE I0A r NMB NME RMSE I0A r
YSU -19 5.6 0.89 0.90 0.82 -10.7 11.6 1.06 0.97 0.94
T MYJ 2.7 5.1 0.94 0.91 0.83 -19.3 19.7 1.74 0.95 0.92
ACM2 -0.9 5.1 0.81 0.91 0.84 -10.4 11.8 1.08 0.96 0.92
YSU 20.8 484 1.28 0.73 0.62 81.8 105.8 1.55 0.40 0.06
S MYJ 68.6 84.1 2.24 0.63 0.58 95.4 115.1 1.69 0.43 0.15
ACM2 236 47.5 1.27 0.74 0.63 85.8 110.1 1.67 0.37 -0.01
YSU -11.5 14.3 7.20 0.94 0.89 7.6 16.5 10.51 0.87 0.85
RH MYJ -8.0 15.1 8.04 0.90 0.82 229 255 1537 0.85 0.80
ACM2 -15.2 17.4 7.99 0.94 0.90 6.5 18.4 11.28 0.85 0.83
YSU 16.4 246 0.34 0.79 0.62 -384 446 0.19 0.83 0.70
PBLH MY)J 36.5 453 0.58 0.68 0.47 -224 48.7 0.21 0.78 0.73
ACM2 454 47.2 0.57 0.77 0.59 -50.5 53.7 0.22 0.82 0.68
YSU -34.7 353 3134 0.92 0.87 -34.7 377 36.91 0.91 0.82
PM, 5 MYJ -39.5 39.8 36.28 0.86 0.83 -41.4 429 39.83 0.91 0.84
ACM2 -42.0 424 37.64 0.88 0.82 -36.9 375 35.90 0.93 0.87
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Table 4. Summary of simulated PM, 5 concentrations and
PBL heights simulated by three different PBL schemes; YSU,
MYJ, and ACM2, during daytime (12 KST~18 KST) and night-
time (00 KST~06 KST) on March 4~5.

Daily Daily

Daytime Nighttime -
average maximum

OBS 99.2 106.3 120.5 154.0
oM YSU 744 102.7 87.7 139.4
(gz/fn ) MYJ 67.4 89.8 78.4 124.8
ACM2 70.8 101.6 85.7 130.6
Bias(%)  9.9% 13.2% 11.1% 11.1%
OBS 1093.6 242.4 516.7 1205.5
oBLH YSU 1285.5 123.7 5923 1529.2
) MYJ 14226 190.3 680.6 1676.2
ACM2 1208.0 2493 599.0 1703.3
Bias(%) 16.4% 66.9% 14.1% 10.6%
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