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In this study, a tall tower measurements system was established on the Boseong Tall Tower (BTT, 34.76°N,
127.21°E) to monitor greenhouse gases from long-range transport. The in situ measurement system uses a cavity
ring-down spectroscopy (CRDS) analyzer, which continuously measures carbon dioxide (CO,) and methane
(CH,) concentrations at 300 m above ground level. The system was tested during the ASIA-AQ campaign in Feb
2024. A 4-point calibration was performed for quality assurance (QA), with measurement accuracies of 0.25 ppm
for CO, and 2.0 ppb for CH,. During the study period, the average CO, concentration was 435.98 + 6.93 ppm,
and the average CH, concentration was 2046.1 + 24.8 ppb. When compared with the hourly data from domestic
stations, the BTT time series data showed similar concentration levels, effectively representing the inflow and out-
flow of greenhouse gases across the Korean peninsula. However, high CO, concentrations were observed under
specific wind directions, suggesting the need for further analysis of long-term changes in the CO,/CH, ratio.

Key words: GHGs, CO,, CH,, Tall tower measurement, ASIA-AQ

LM E

IPCC 63} £t 74 Dol wk2™ 2040 7142 RE
7] AlUR] QoA A2dsirt & Zlolm, A B
E wiEAYE 294 20408 ol 1.5°Ce =23 Zlo
2 EAEAY =35, Zﬂﬂ‘ﬂ EH &S sitieks slgH
Hﬂbﬂr EOP'E‘ S

T

o
o
R)H;

o
=
5
L
b
$
ojf
FL

¥

2 HN

N

N =

N, =
4

r
s

N

S
m

Oﬁi

>4

B, S 2 71Rle]
St @5 gkom, 715 A2 ofslel A
S SlaMe ea7kee) B2 Bt
Jole}ar WAskh a7kl oI5t 214

S 1.1°Co|H, o] F o|rkslEkA

o &

R

x
r
£
J

L

17 % e X e
o
4
rlo ue
N

4y
i

o

"To whom correspondence should be addressed.
Tel. 82-64-780-6638, E-mail. shjeong314@korea.kr

(Carbon Dioxide, CO,), M€H(Methane, CH,) =92 7]
A=7} =AU

7R S W] T 2AVEE EEAE HEE)
slal 2 7127t Bl S olsfiske vl 2 2850
ik, sEAIRE, dabARl A3 71 S 9%
¢l T WHsAdo] Aol x3E o] 248 FiMS @Al
THERATEY o2igt #AIE s 23s] Sl Bakwin et al.
(1995) oIM=Y CO,5 EFE t)7] skl ujgh 3%
Bl S8 ARk eH, t7] & EV\/\}O]E*} A7t
20] Wt Aol gtk ol & 3l T8tk ZhEst
Aok BHIStE s e RY 3’4'9/] 7‘%@0 g3l 2194
TRO] 247EE ZEA A0 83 < glon, 53
7173 A% (Planetary Boundary Layer PBL) F-0lx 9]

1;

z

f

mo('
)4



ASIA-AQ 717F BA

] gk I = AsE Al
%/\/\_/] O:]b‘]—___ 4/\
22 3us 5 9o
A MARCZ teFst 3
ZElY] 24 Z=AEY} TXJE]%E}. NOAA-ESRL (Earth
System Research Laboratories)Yol| 41 300-500 m ]
o] yZERel ti3k YIEYIAS 199235 E] F=517] Al
2kel9om | = NOAA-GML (Global Monitoring
Laboratory)ol|lA] 77]¢] ASA|ES A&H 0w 295t
I QITh YEIRIA] 199200 200 m IFERY] S-S A

sl on, e UEHs9), Z=nFoA 247t
19924, 2005301 2292 A2t BE9], CHIOTTO

(Continuous HIgh-precisiOn Tall Tower Observations
of Greenhouse Gases in Europe) Z2ZHEYNZ Mg s}o]

#9 Aeel sl COE X3 ole] L7kl o
A% 25 BED se] 2G5 Uk

oe] £ ATelNE TF LUV 25 98 4%
NAEE 2T Y ) FUe] 3% RS

ol BA STVl AMEA 7T 7R S
98 Avlsta, Arzkez 4% COo,, CHpel vigh 2

g

A 2 FAAE W 58 ATUZIA A5 0 2 @
SAE FAHE 9 el BiEro] AXskaLA} gt
T3k 2016499 =Y 3A3II5 NASAZE FEsle] 2
&gt ghn] gi71d A 3-5FAP(KORUS-AQ)9] T4
A9l 9, sk XA} o] Tk ¥

O, 0O,

h=d
=

)

K Tower site
Il Mixed forest
Paddy field
W Wetland
B Water
B Grassland
[l Roads and residential area

i

/:
‘w

127.10

Fig. 1. Distribution of land cover areas (18 km x 18 km) after Park et al.,

gEe BEF LA 24 83

=5 Fal 7122 olelistaL f1d-a571e] ARdAE
EHoz 435 oo} th71d F5ZAP (Airborne and
Satellite Investigation of Asian Air Quality, ASIA-AQ)
717y & d=re] FEEA 7)17ko|gw 2024 2-399] &
A7k ABE R BE B4L BASE,

2.

r

e
=

He

2.1. 2EXH

713 eM = 20129 HEfd® 29w S 2
EF7FAZ4(3476N, 12721°E)2 Agsia 714
=24 el =o] 307 mel B SRS AAE
t}. ol I fYs yZIREgo R F (1) A%

o Y 4% VIAEE sk ek, AYAT
B4 FWVE FAY 54 Fig. 10

Ve ATE BATE 20204 715 QT <>_,k qukg o) x
JolH 8 Aoz o] FE olFL Atk B

4 FE7VERE AL 3 mel 7HH A HOH T=5 o]
FH 15km o= =08 FAENeH, HEALE 7]
2o 3lo] ASIA-AQ7} FHE 2-39-S FA7|T) B
%02 7km A 2L4HEo] 576 me] $1A]3 h o
5% 1.5km Aol i AIskaL ik, A|HH oz

FZ0 7 oF 40 km F-2ol| oJgakiTA7} AE L B
5202 55km XA EA|Q] B4 7} =e] F
3L 9lek ol A% oft] Ak WS o] 83l =

"r‘»w

-34.44

-34.42

127.20
2021.



84 Ak - Al

¥ 300m 71 #0192 CO, 82 WA= 4 9
3k ool ¢ 8-9km, AL Hol= 6-8km M
LR e, ) Ak o} vt R kit

=]

2 AFdXE B S IES E8sle] e
] 140 m ¥£o]d
A7k S 2" S TR
T3k Fg. 20 B3 S71dEel 20249 5+
=g 98l e 247 SHAIZHS eI o)
7] T F71e FUTEFE Al 911§ Hzo o3|
Carbon Fiber flex tube(ID. 10 mm)E w2} SHEch
HZ= KNF D-79112 2& AMEs19om 2] 4bar <]
FEoR FIE TS FYUE V= HEEF(500
mL) WollA] vlolsz A|2ELE Bl ofite] 37]= wiE
H3 1/4¢ SUS #R1E wet " ZAAEE (Multi
Position Valve, MPV) A|Z8lo =2 ¥t} F571
A g s A7k S4ES 98] VIKIAF] 6port-
MPVE gg3algion WMEMS 1, 249 300 me} 140
m 35 2RRlo] 747} AAE It} 3~ HFTE
AAslo] A7 FEwA ARSI 308-S 571
2 314 300 me}F 140 mE o 43| $18) 2
S AAlEIRoH, AAZE S-S a7 ke fF
e e &M F71E FUEATh TR, o &
AollM= 140 m 21¢] o= Qlste] 300 m L &=v
< S48

MPV $tol] 3288 915 3287 (Mass Flow

ootk

Qxs®

Q@

(5103 )=
[st02 )=

i

:

300m

buffer volume

SS tube 1/4”

buffer volume

e
Q

A vent E

-85y - AgA

Controller, MFC)E 4|33ttt Line Tech A}
M0810874 2&-& &-&-31%12™ 250 cc/min®] 3717} &
AR Z4 71712 T HelEEd FdE7 )= vent
£ B3l wiEEch 247k 298 S8 717164 Ha
g 371HT B s FYsk = SA4717] ddol
ATUBE ARl SIFEHR 71719] vig2 7R F
Yt 7 S Hazof o3| 71712 {FYsk=S it &
A7} 24 AH) M Cavity Ring-Down Spectroscopy
(CRDS) "4S &-831= Picarrorle] G1301 2498 &
8313t} CRDSE W715¢] CO,, CH,, H,05 HAIZF
o= FHsp, - E]EE 3l Dry-CO0l F=3k
o] AAHA|RE Egto] WA EA] ek HHol7|o AL
o me} g%kl B3t 2 4 JohV Ed w5
WS Sl AR IR E8EE Audse] o
ol SRS 0.0001%2 AAE 7] o= 23k
i BAAE AN Fre B A AL 71
Aore Y8715 &85 FEAA BAS gk 9l
o} 2 Aells 2471~ £47]7] 2ol Nafion AF
o] A& A= (Polytube dryer)Z &85k 0.05% =7}
A AFS A

[

2.3. sZuHN

=S flal AAZVE7IF HEQ] (WMO-X2019
(CO,), WMO-X2019(CH,))'?? o] 53148 zh= =
7125 ARESISITE AlAIZ17d7 1ol M = 1989 E A
717321 (Global Atmosphere Watch, GAW) ZZ 73
< 2FskaL om, d AFHoR 7F AS5A4ox ALt

CRDS

Analyzer _‘
Pump

Regulator

Micro Filter

Fig. 2. Schematic of the greenhouse gas measurement system at the Boseong Tall Tower.
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Table. 1. Standard gas concentrations of CO, and CH, assigned by WCC-SF, at NIMS

Cylinder No. CO, (ppm) CO, std. (ppm) CH, (ppb) CH, std. (ppb)

D641092 379.20 0.02 1787.9 0.1

D641099 415.05 0.02 2064.7 0.1

D641100 449.86 0.02 21833 0.1

D232850 478.03 0.02 2370.2 0.1
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Table. 3. Quality-control processing method for BTT observation data

Component Standard Value Note
Cavity Pressure 139.95 Torr < Value < 140.05 Torr . >
i Equipment stability test
Cavity Temperature 44.99°C < Value < 45.01°C
CO Value < 800 ppm
2 " PP Physical range check
CH, Value < 5000 ppb
delta CO, [CO,(t) — CO,(t£1)] < 20
delta CH, CHy(t) — CH,(tx1)] < 20
4 I(CHL®) A1) Equipment stability test
H,0 Value < 0.055%
n data n data(min) > 30 times/hour
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Fig. 3. Four-point calibration curves for CO, and CH,.

MM-DD

Fig. 4. Four-point calibration curves for CO, and CH,.



ASIA-AQ 7Rt ¥ F371d

0.055% <o 2 st F71=2 24 7|7F 2oy
AH A7 HEEekgo g Q3 s 52

MQCE Azl o, o]¢ et A3 12457
o} 7158 AJ7kel| thalxRt Al7F HAkE R ARSI
ok, 717k 20243 2¢90 4385 ASIA-AQ Q] % St
= AT 71Z7K1 2024 29 15€7H 3¢ 139714 (28

o) Tt 28 A7 A3 34 717eIdd 28
A (6727 7HS 7l¢i Z}z}+ CO, 578~17H(80%), CH,
594711 7+(88%)°] A= E FHEHA

g

3.

s

s

3.1. AlAE
M EFI9] 300 m =ololA 24% €O, =9} CH,
AAE AEE Fig. 49 Ui sig717r
CO, HIFEEE 435.98+6.93 ppmO] o™, CH= 2046.1
+24.8 ppb= LERSTE 2023 A ET) 7|74 2 34 o)
wEH 20239 2937 39 TN SAE 49d
CO, ¥ s oF 430 ppm 502 FH2 108 7
?l 2.50 ppm/years 71522 4GS WjE} R 2

480

S BEY 2R 2 87
e} B2E0m . NOAAOK A1Z®sk= 20239 A

AT HFsESl 41933 ppm Z= 10 ppm o 2RlE
Btk ol WA ISEe] SRR A9 dEs
S f13 A7t ErFs e AR HaAEEA 717
5L EEH Alke w7 EE 2P Al 98 EEE O
Sold 5= ok CH,2) 735 2023 2-3Y SHi= wj7
EOI 2040 ppb} AR o2 RO}, 2023
A7 He=!? 1921.7 ppboll B131] 120 ppb 5
—3— Ao vpepst

4 71 A7 1A 28] A SRR 2 AT
éﬂﬁ Fig. 59 Table 4o JERAITY. 717 B
734 SPHE(AMY)-EA (BTT)-ZAHGSN) 0.2 =7
eIt CO, =5 AH S o) 29 19¥3 39 3
do] IFEL] COyt EEE AT A SHAH A
e ol CHE F57F dsshe §4s 2345 |
ERASL glom, ol2igt Axe oH%ﬂ{A A7k T
ol I A9 F7IHUSE gk YR At
Hr}. bR X190 3¢ v Aol vlsll &2 CH, &
=7t AEEoH, ol o AA oA QiHEe
A2l FEFew EAHE Bt vk CHel 3¢ b=

&

_/

Hir rN

470 A

460 -

450 A

CO, Conc. (ppm)

IS
s
o

430

420

2350

02-15 02-19 02-23 02-27
MM-DD

03-02 03-06 03-10 03-14

—— BTT
2300 1 —— AMY

2250 1
2200

2150 1

CH, Conc. (ppb)

2100 1
2050

2000

L T T T
02-15 02-19 02-23 02-27
MM-DD

T T T
03-02 03-06 03-10 03-14

Fig. 5. Time series of CO, and CH, from different sampling sites: Boseong Tall Tower (BTT, black), Anmyeon-do (AMY,
blue), Gosan (GSN, red) and Ulleungdo (ULD, green).



88 Ak - Al

Table. 4. Average concentrations of CO, and CH, from each
sampling site

Site Avg. CO, CO, Avg. CH, CH,
(ppm)  std.(ppm)  (ppb)  std.(ppb)

BTT 43598 6.93 2046.1 24.8

AMY 438.05 7.39 2073.3 47.1

GSN 433.06 3.61 2042.0 24.6

ULD 431.72 272 2035.7 12.8
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