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Abstract

This study explores the planetary boundary layer height (PBLH) in Busan during 2020 and compares it with that of
Seoul, with a focus on how regional characteristics influence PBLH. Monthly and daily PBLH variations were analyzed
using both ECMWF Reanalysis 5" generation (ERA5) data and ceilometer measurements. The Weather Research Forecast
(WRF) model was also utilized to simulate PBLH for season-representative cases across the year. The results indicate that
the PBLH in Seoul tends to be higher than that in Busan likely due to Seoul’s inland location, while Busan, being a coastal city
heavily influenced by the ocean, exhibits lower PBLH, particularly in summer. WRF model simulations revealed that the high
humidity advected from the ocean contributes to a more stable atmosphere in Busan, suppressing local PBLH growth. Notably,
during summer, the PBLH in Busan was more than twice as low as that in Seoul, despite there being no significant differences
in key micrometeorological factors such as friction velocity and sensible heat flux between the two cities. This suggests that
the PBLH in Busan is affected primarily by high humidity and marine boundary layer advection, especially during onshore wind
flows during the summertime. This study provides valuable insights into how regional characteristics impact PBLH in both
inland and coastal cities, offering a foundation for improving regional air pollution forecasting in coastal areas such as Busan.
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Fig. 1. Model domains and locations of the ceilometers in Seoul and Busan.



886 LA - QM R

HE AL A7 AR S
e 71 A AR Az A%skgle A
A AHElE 49 25-279(®), 7€ 18-20¥€(419), 10
9 17-1940F2), 129 12-144 (A=)l 2 4149
ArElE oFRt Aol e ol s Y ARG, e
thaet @580l SAIR RHEE 2719 ARI(AS),
BAE AHEICRE), 540! A Adl=er 127]
& SAAEIADE & ot s Astalth. WRF
2 JY92 FEOMOF, E, A2, Fat
5] oL E AL, AL o] AR

713 W4 AmE S0 Htgstes AAstilth

3} 7| AFS | H S 2

mlo
)‘E o{)h
A f

2.2. \[8%t 2=

E AF9] & 22| PBLHE| AdHst EAS A
H7] Q5] ARgE AEA ARE §EHE7AEAEH
(Furopean Centre for Medium-Range Weather
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AEA Aot FEAEAA UEhd PBLHZF A&
ip Fqte] 2194 2tol S At E = Hk ZpA6] &
A517] fisto] 3AFH St 71 RE¢ WRF Rd<
AMgettt. WRFRES ] 7] d Al
(National Center for Atmospheric Research,
NCAR)OIIA 7t S5 7142 A, & Aol A
+ HH 4.0.32 AH8SHSIT
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(Fig. 1). D012 FoFAloF ¥, DO2& e 99,
D032 FEHAN2) 99, DO4= FeAEAD) Fd2
= sk =HQle] A= A2 185%139
(D01), 70x85 (D02), 58x64 (D03), 58 x 64 (D04)
2 AL AR sl E= DO1~D04 2t 27 km,
9 km, 3 km, 3 km= /dstal A4 A2= 29719 &
o & F45tEth(Table 1).

WRFO| 27|24 2 ZAzx7C= vl= NCEP
(National Centers for Environmental Prediction)
oAl Aot A4 A5 FNL A=A A=E A
SkSIT FNL 2t 9] AR s == 6AIZ o] =3 off
ArE 10 x 170t BElE] A 7132 Spin-up
time= al2fsto] Abe]] 7|71 o] o]z 747} 5UdM S
7¥ste] Ed AbElE 2020-04-20 00 UTC ~ 2020-
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07-26 00 UTC, 7 2020-10-12 00 UTC ~ 2020-
10-25 00 UTC, A& 2020-12-07 00 UTC ~ 2020-
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Table 1. Model domain, grid structures, resolutions, and physics options of WRF model used in this study

Model domain

DO1 D02 D03

D04

Horizontal grid
Horizontal resolution (km)

Vertical layer

185x%139 70x85 58x 64
27 9 3
29

58 x 64

Physics option

Adapted option

Microphysics
Longwave radiation
Shortwave radiation

Planetary boundary layer

Surface layer

Land surface

Cumulus parameterization

WSM5
RRTM
Goddard
YSU scheme
MMS5 similarity
Noah land surface model

Kain-Fritsch scheme

2500
= 2000
L 1500
o

1r 1000

w 500

—— Seoul
——&— Busan

Jan Feb

Fig. 2. Monthly variations of the average daily maximum planetary boundary layer height (PBLH) from ERA5 in Seoul and
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Fig. 3-8 A&} ¥4to] ERASQF S AloA =&t
AZEE o 21 PBLHY A7Hg+ ¥IsHE BEwHAe}
A vebd Oflolrh. A9 ERASOIA EEH
PBLHE B4 %11 1,430 m (] 74 250 m), o
54 #11 1,210 m (0FFe] - 100 m), 7H4 212
1,190 m (oFzFe] 749200 m), A= 231990 m (oF
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m, AEE 740 m=A &, A5, 7k, AZ so= v
ERtTE

AN EEH AL PBLHE &% 1
1,490 m (°F7+9] A9 500 m), o154 21! 1,400 m
(°Ft9] 749600 m), 7H=4 #]11 1,390 m (oFHe]
£ 550 m), A=% %3 1,000 m (¢°F+e] 7% 500 m)
2 YERY, 9 PBLHY] FofgF =k= B4 990
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£ o] A =2 d8F} o] = QI 2 dRistR
15} Si<=H f19] 515 th7 = 7|2 LSt HEo] Ao
2] 7)o vlsf JriA o= uje- g H Zol 8 &
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4 01 5o 2 ¥Eo] 9l 4 9oy 1 HEEo]
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and Belcher, 2008; Liu et al., 2022).

HAro] ERASOIA E&H PBLHE &4 21 1,380
m (°FZFe] - 450 m), 94 21 700 m (oK
735200 m), 7F&4 2|31 1,050 m (eFzFe] 7% 450
m), A& 211 1,040 m (°FZ+2] % 450 m)E YEF
1}, Z PBLH F-oit &3t 24 930 m, o] &2
500 m, 7F&3 600 m, A& 590 mZA] &, 7H, A
&, 9% ©2& PBLHY FoRt 1=t A&
‘golsHAl Urerttt. £3], F4te] ozt PBLHZ A&l
v iAo 2 mfe =A UehdS-2 SR1E 4= gle
o o] FUTL o], F WMEHo] A2 MBLHO] I
o= sjAe 4= Urk(Fig. 3). AERE AA|5] K
A, B4 Ao A Agol Hlsl =2 oFZte] PBLHE
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Fig. 4. Weather maps for 00 UTC at 850 hPa level in season-representative four cases; (a) April 26, (b) July 19, (c) October
18, and (d) December 13.
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o] 5HR1 79 1999] B¢, F A 7+ 2ol EA
S| o2 Vebgth A& 79 PBLHE 10A] oF
1,000 m, 1341 ¢F 1,600 m, 1641 ¢F 1800 m=Z &2
A ETHE A2 A Uehgon ol 53 E3 U
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5] §212] £4491 et ARSI Bt v HAto) A
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m=, '§539 IR o] EAo] o]FEH= AL
2 nojrjo] nfl.¢- W2 PRLHE H.3l.om, ot = 4
Aoz e AeE 1es) & w(Fig. 3), A&
] FAR o5 S 7199 Fs AA R
9 Q122 Ao PF HojEoh a4
= AmoM= Rele Akt oh27] ot PBLH7F A
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Table 2. Summary of PBLHs in Seoul and Busan for season-representative four cases

Season Datetime Seoul PBLH (m) Busan PBLH (m) Seoul - Busan (m)
2020-04-25 830.5 1005.1 -174.5
Spring 2020-04-26 864.7 897.3 -32.6
2020-04-27 778.8 711.1 67.8
2020-07-18 351.1 333.5 17.5
Summer 2020-07-19 521.8 344.5 177.3
2020-07-20 758.2 631.4 126.8
2020-10-17 371.9 468.6 -96.7
Fall 2020-10-18 414.5 324.7 89.9
2020-10-19 300.8 438.1 -137.3
2020-12-12 326.0 506.8 -180.7
Winter 2020-12-13 412.0 593.5 -181.5
2020-12-14 956.2 1058.3 -102.1

7hed], AghA o 2 FhtE Ao o] F&5-2 -9 oFshA|
molx|Qitt uhakA F 29 E PRLHE 9o A
Hrp= 292 o2 244 445 PBLHO ¢HistE 1
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1341 9F 1,500 m, 1641 €F 1,960 m& F3F Fa1gke]
UHO =0 Ol:/ﬂ-o] EQ,]QOJJ_ BAto] A 10/\] oF
600 m, 1341 €F 1,200 m, 1641 <F 1,750 mi HAY
AA| o2 Adof| vlsf) F7be] tha 52 N E7HA] A%
SH= Aol mol=Gitt AeHl 1249 13¢¥9 3%,
A-&-2°] PBLH+= 10410l ©F 500 m, 13419l ¢F 1,000
m, 1641 ¢F 1,500 m&, A-=% PBLHE A&5d+=
ZdolotA, B 9 7R E I fARE A dE Bl Zle
= A5t o] Al7lell A&l FAIE Lol AZA
do] EAstH o T ol = BAF AL ZA7 A
Hi 3o ff%a’r S2]oA =7 4743 PBLHO| B2 54
o] A& Egsto] M BEAZ A d5&S I
Sl BAHER FAo] B o= JItHFig. 5). F4te] ¢
& 1041 2F 250 m, 1341 2F 600 m, 1641 2F 1,000 m
2 ALEL gdEE ot ohE AHd vl§|A
EAH o e ke Bt AL o2 542
& 219 2% 89| PBLH £4& EY-golx E5t
I ok Aol vlsf AiH o2 okgt dAabEFo] A xgt
PBLH®| 4473t A¢te Ao 2 sjAdct.
Fig. 62 ZF At WRF 2dllof| o3 molH A<
Lo] 7 Bas vehd J9oltt. o714k Fig. 59
oA 2 1041, 134], 16419 o] Aits st

T AL oF 50%4 TO8 AHAE B 73_50}
EAS BHelok v FARo] A9 5 50~60%,
A 90~95%, 7FH= AT} ALAE 40~50%=A A
Hl5ll 540l =2 8 B9, o152 At
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B 1|z Ao & SIE Ut (Table 29} Fig. 3). Al
Aoz e A L&l otF ti717F &
o, 1%7 i 23 AL EZH 20} 3 iR
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Fig. 7, 8°ll & ZA| 2] A AR 2] a1 Ao <l
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Fig. 5. WRF-simulated spatial PBLH distributions and wind fields for representative four cases: April 26, July 19, October
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July 19, October 18 and December 13, respectively.

Hj| o)/ WA Ureb e AE 345 RS2 Fig. 53
A 2] A deEH. =, 529 AEE S B
MEollAe &t FAEel Bof= i, A5dole A
oz g5 At e Aee] 5] FAt

of vlsf gria oz A mojs|gl o, fite] ¢ &

AZol, 01%01]% ‘E}%%
Fi

] AL gelE 9t A
ig. 63+ A th=A) A vhet
EA 2] 26H] e

WA BEE T F Ado] mejm AL A9
E4o] AEls B F B ATE} gL A 3



2 2 =] 2] =1
896 ARA - 0 - RS - WS - 9FA - 289 - PH9
04-26 (Spring) 07-19 (Summer)
1.5 1.5
—o— Seoul —e— Seoul
—e— Busan —e— Busan
%10 1.0
v
E
305 05 W
0.0 0.0
00 03 06 09 12 15 18 21 00 00 03 06 09 12 15 18 21 00
7 400 400
s —e— Seoul —e— Seoul
;300 —e— Busan 300 —e— Busan
3
<200
5 200
1: 100
3 100
2 0
3 0
00 03 06 09 12 15 18 21 00 00 03 06 09 12 15 18 21 00
~60
a 60
£ —e— Seoul —e— Seoul
B —e— Busan —e— Busan
x 40 40
3
i
®
220 20
€
2
30 0
00 03 06 09 12 15 18 21 00 00 03 06 09 12 15 18 21 00
Time (KST) Time (KST)
1018 (Fall) 1213 (Winter)
1.5 1.5
—e— Seoul —e— Seoul
—e— Busan —e— Busan
’@1.0 1.09
£
0.0 0.0
00 03 06 09 12 15 18 21 00 00 03 06 09 12 15 18 21 00
T 400 400
5 —e— Seoul —e— Seoul
<300 —e— Busan 300 —e— Busan
5
£ 200 200
b
S 100 100
=
g 0 . ; : ] ] ] ; g ‘ 0
2 00 03 06 09 12 15 18 21 00
=60 60
£ —e— Seoul —e— Seoul
2 —e— Busan —e— Busan
;40 40
It
$20
T 20
: A
5o 0

00 03 06 09 12 15 18 21 00
Time (KST)

00 03 06 09 12 15 18 21 00
Time (KST)

Fig. 8. Daily variations of friction velocity (u*), sensible heat flux, latent heat flux simulated by WRF model for
season-representative four cases: April 26, July 19, October 18 and December 13, respectively.
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