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Abstract This study aims to measure carbon dioxide (CO,) in Busan to enhance understanding of
the urban atmospheric environment. Two sites with distinct environmental settings—Second Col-
lege of Education Building (SEB; natural surroundings) and Mechanical Engineering Building
(MEB; urban-adjacenty—were established at Pusan National University, and CO, measurements
were carried out from March 2024 to February 2025 to analyze diurnal and seasonal variations. The
SEB site, positioned lower than MEB, was more directly affected by local emission, resulting in an
average summer CO, concentration of 458.2 ppm, being 12.6 ppm higher than MEB. It is noted
that these differences reflect the combined effects of topography, instrument height, wind direction,
and the planetary boundary layer height (PBLH). During summer, CO, concentrations at the SEB
were higher than at MEB, with both sites showing increased levels during the night. SEB main-
tained elevated concentrations continuously from 6:00 p.m. to 8:00 a.m. the following day. Meteo-
rological analysis revealed that humid air advected from the ocean in summer lowered PBLH and
stabilized the near-surface atmosphere, creating favorable conditions for CO, accumulation. Fur-
thermore, southwesterly wind—which accounted for about 30% of summer wind in two sites—
suggests that nocturnal CO, emissions from vegetation respiration in nearby forests contribute to
the observed summer CO, concentration increases. Overall, this study presents a comparative,
observation-based analysis of CO, variability across two urban sites with contrasting environmen-
tal conditions, offering insights into the interplay between local emissions and meteorological fac-
tors. The results provide a basis for developing localized air quality management strategies.
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Fig. 1. (a) The location of the Busan campus of Pusan National University (PNU) in Busan, Korea (black circle). (b) Satellite
map showing the Second College of Education Building (SEB; red circle) and the Mechanical Engineering Building (MEB;
blue circle) on PNU. (c) Map of Busan campus of the PNU. The SEB is located on the upper left, and the MEB is located on

the lower left of the campus.
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Fig. 2. (a) SNUCO,M CO, measurement instrument and (b) LI-850 sensor (central right) and the CR300 data logger (central
left) inside the measurement instrument. (c) Calibration of CO, measurement instruments.
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Fig. 3. Monthly variation of CO, concentration over MEB, SEB from May 1, 2024, to Feb 28, 2025 and over Gosan (GSN),
Anmyeondo (AMY), Ulleungdo-Dokdo (ULD) and Mauna Loa Observatory (background concentration sites) from 2018 to 2023.
Data for the background concentration sites were obtained from the World Data Centre for Greenhouse Gases (WDCGG).
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Fig. 4. A box plot illustrating (a) the seasonal cycle and (b) monthly variations of CO, concentrations at SEB (red) and MEB
(blue). The box represents the 25th to 75th percentiles. The black whiskers indicate the 5th and 95th percentiles. The black line

within each box indicates the median value.

7188 7] A35 45 (2025)



2F3t - 7RIS - HEY

S8l A, D CO, BE WSS AL ekl
Z2go|t}. SEBS] A HiF CO, =T 22} 449.8

ppm(E), 458.2 ppm(¢1E), 451.8 ppm(7} ), 4472
ppm(AE)CE e, MEB9] 73-$- 449.1 ppm(E),
445.6 ppm(®18), 448.4 ppm(71Z), 451.6 ppm(HE)
o2 AFHIYoH, v wiE F= A uzrHA]
2 oEZ HA CO, 5=7} oA = AEgS B
o} 2 SEBE 6€7H 84974 CO, =7t Al
Ao 2 FEE fASH, dEd sE7F 239
e AR =2 vdg AR Ald iee Bk

SEB A 32 MEB AR XT} A& 1= =ATHSEB:
124 m, MEB: 93 m), A ZHF}] J% 2ol 23]
] ZO9™(SEB: 11 m, MEB: 43 m), #324 599
A4 vgol § ¥ 54 T B B3 o]
sk ;(]X—]l:ﬂ CO, =59 o= FH A HE ¢

o 4

P}

%‘:
o
o?.i

)«
o
c;ll
o
ol
L

B
fuin
e
@)

—r
td
<
of
k1
rir
(]
E
o

i 2
:{0 o
R
ol
2
=
e
T

off

h

A
P
él\)

ol by

"

S

by off

P g
> 1 N
>
o

i

N
e o

i
>
=
o
N
N
N
>|&
S 1
m{
fo
L

off
rﬁl °

-W =y e

o

ol e

9_,[

ox il

lo

fru

-0,

N oo ot -
L
£
Hm

"“—&x

(Bacastow et al 1985).

9 37+ CO, %157} Ao

]Z] 235 db of7k A7t B
A Me See Aol neom, ol

MEB Xler SEB A3 7ke] 7P F8ig o] &

2 FRIFUT 53], SEBE A5 ok €O, ¥

w7k T ARl Hlsl 24 A5sie 5449 |

< B3loH, oFH ok FE ol& o A

(0000~0700 LST) ©| CO, == ¢F 4689 ppmO=Z,

o1

CO, %7} 718 2 AL (4485 ppm) ©F7F o

%HN
Tﬁ

AT} B= A Fo| yro] x}O]7} 23 SEB x] 11 204 ppm ol FA == the A misl
oA et HHE AR CO, F= FEe] HA0le FEEHAA EFolAle Aol @ FHAM. ¢ HE
2 283E 7FsAe] Ak JJr“/}o}M_H# - AA o], SEB A HolM= 5ol AZHE COo, $& ¥
ZF AEE FolE CO, 2 BlEAdel o| Aoz EA4 E3F vE AEEY A YERsen, o]gk 7+
QA Folalr] el AF7] #HE EA4S BAsidth. & AEY WEA S7HE Fig 69 gt EFM F
galA SelHn olzd AdE dHow v £ o
3.3 7| 24 & o, 3.180A4 AFs 9454 SEB AFY CO, &
Figure 5= A7kl W CO, =9 54& dotst & S7k= sld A3 olrfe] ozt co2 FEst e A
aA AR A7) WE 5A4S BT WA, Aol vl EA4 vEksy] wWE Helth. ofof w
SEB AHAAM = &3 7ol % 134, 83 AE 2 915 SEB AFIA okﬂ CO, 5=7} A58
Ne 2% 14AAd o 5 HAh s&E 715§, A0S s fa AEE T35 X 3 PBLH
ANE7EA] ARA o2 Frtele S BHAh 3 9 WHIlE IR E45eH, °]& F3 SEB A
= A == &, 7Feds A 74, A5 A9 HelA AEE COo, Il MEB E= 7l Wi F
*JEHZ*OE e Q7 SAIE HIXE YER o, A = AAF ojgA thEA getstarat sk
Zolli= o 8A o= e MEB A A elM = =
e 2% 124], AEdE 2% 164, 7 AL 3.4 AHo wE S8 ¥ X2 X0|7t CO, &
= 2?— 14717l CO, F=7F 78 WA velwew,  of OlXE & 24
A sv gole 24 54, AEd= 24 64, 7t 3.2004 vt mpe}h ro], Rt ghaeA] @3
Lo oA 74, Agole oA NALE YENT  CO, sEE A wel A-dEe] o)zt LAYt
150 @ MEB 1600 SEB
—— MAM —— JJA SON —e— DJF —— MAM —— JJA SON —e— DJF
470 4700 e \ P
5460- ’5460 __/\‘\s /
gASO = 3450 j::_t / \\\\—/ /./‘"""”
8 N o
440 440 =
430 430

01234567 891011121314151617181920212223
Hr

420

012345678 91011121314151617181920212223
Hr

Fig. 5. Diurnal cycle of seasonal CO, concentration at (a) MEB and (b) SEB for each season.
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Fig. 6. A box plot illustrates the diurnal cycle of seasonal concentration at (a) MEB and (b) SEB for each season. The box
represents the 25th to 75th percentiles. The black whiskers indicate the 5th and 95th percentiles. The black line within each box
indicates the median value, and the dots represent hourly mean concentrations averaged for each month.
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Fig. 7. Wind rose for each season (Spring, Summer, Fall, Winter) at MEB. Wind speed was categorized using thresholds of 0.5,
2.0, 3.5and 5 m/s. Corresponding color codes were assigned as follows: green for speeds > 0.5 m/s, blue for >2.0 m/s, purple

for > 3.5 m/s, and red for > 5.0 m/s.
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Fig. 8. (a) Monthly means (red) of the daily maximum planetary boundary layer height (PBLH). The black bar means the
standard deviation for daily maximum PBLH and (b) diurnal cycle of mean PBLH for each season (Spring, Summer, Fall,

Winter).
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