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Abstract: In this study, we analyzed the long-term distribution pattemns of CH, determined from the Moo-Ahn (MAN)
observatory in relation with those derived from the world major background monitoring sites. Comparison of the data
were made using those data sets collected for the period between Aug. 1995 to Dec. 1997. The mean CH, concentration
of MAN observatory was measured to be 1898 +85.3 ppb, recording the highest concentration of all the monitoring sites.
When the concentration of CH, for different stations was compared over latitudinal scale, its concentration appeared to
increase systematically as a function of latitude with an exception of MAN (and the other Korean monitoring site at Tae
Ahn). Moreover, such phenomenon was more distinctive in Northern than Southern Hemisphere. According to the analysis
of the monthly distribution patterns of CH; at MAN observatory, its concentration level began to increase from the
months of February/March and peaked during August. In addition, when the level of oscillation in monthly concentrations
(between the maximum and minimum values) was checked, differences were significant between MAN and other
monitoring stations. If the rate of concentration change was checked using the data sets collected for this limited time
period in terms of linear regression analysis, results for MAN showed the highest annual increasing rate of 16.5 ppb. It is
hence suggested that the largest variability in the CH, distribution patterns at MAN observatory may be reflected by the
high irregularity in its source/sink processes.
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Fig. 1. Location of Moo-Ahn (MAN) station (35006°'N, 126017°E) in Korea.



t}, o] &AM VA A% S AT
2453 Y 7] AES insinZ AT &
221918 199439 199 CO, B2E Vo= 3o,
19959 39¥ o]FdllE N,O, CFC-11/12, CH, 59 &
B2 F71eie). 28y #8419 F 0] 247
Ao wiAsE B A rie} BEY g 9
0| Al71Eel wel, 1997dxde #F AHE
b2 oldslAl HUt Wk 19984 1€ of$-
FEjE AxelM olg FEe gt BFo] YA
°F ojFoR|L St B ApoME #HAH MANS
FHOE o]F0)7 CHel B ARE WUlsle] =
el ool 271dAlY] 2A71A BEAIE o]
g U 8-g B3R} St

B dge BAUAe 19953 89 AJAHREH 1997
9 1297F] MAN AHE STHOE °]F3] CH,
9 AAEAAE J1EEUZ st CHS +4
£ Flame Ionization Detector(FIDYS 33t 712 =2
ZolEagy(R9d% HP-5890 IS AME-ske], vl 30
O E o]FojFt). o8 EUE ujAk B o
T T 52 ANET §, A7H sty A3y
BAsled S43ich =3 ol AR F 34
no] BA Ee FH 739 FA% Hslel e
A a9l o3 wE F e AFex]
ol7] Hal, Yz A 7I17HEQL 308 H=2
CH 5% & HITEENEH o WIS
Hojus HES outlier® 7HE3I B40llA A 9] 3t

r_‘

o

-

oo to o o o
P T
)

4

2oijotg FMoR ot HEle] IFVA mxHE £4 oY 283

gt} ole} e e Theel ARl A%
MAN Aojo] 2t sage] B85 27}, 247
9] 7)AAQ 93} B JFeT A3 FEEI)
7hiAe] Hald & lthe ol &g v} ek
A7\A BEAY, 714, 1997). 37 7AEeIE
ol BAE A Yl 208 1Fom
outlier® AAH vl ik Wb B AT E o
& 717e gesde, A2 oHd FYL 54
HojE zgEE AA 7Y o g4%S 71EFHNT)
e esE TN 2HE B, B
AR, 37 o BEY /)L B st
B 5% olgdld AME E: ZFollz TR
& ARAY BHS ANSATHEA A BEAE,
7124, 1997).

Zy 9 =8

CHo| sTEZe} oipX|do| Aty EHSY

Table 19e FUAXGE FHOR ojFolzl A
B2 Aol Uig 7Rt BA RS A 23
o] ofFolzxl A 7[7+ (19951 8¥~1997d 12€) &
Qte] U™ AE 3 Aol <3, FAR G
CH, =X 1898 +85.3ppb(N=812)¢] Ha#S &
ALt e £ 1R 864 F 38297
o Ax EAEL, AHAGY S0 EA ulwF
7 453 =7 A AAHUNE AeE UERg

Table 1. A statistical summary of CH, and relevant environmental parameters measured concurrently from Moo-Ahn (MAN)

Station, Korea (Aug. 1995~Dec. 1997).*

Spring Summer Fall ‘Winter Total
Parameter
(unit) Meant SD(N) Meanzt SD(N) Meant SD(N) Mean=+ SD(N) Mean= SDN)
Range Range Range Range Range
CH, 1883+75.4(180) 19211+92.9(198) 1909+ 85.8(261) 1869+74.2(173) 1898+ 85.3(812)
(ppb) 1629~2191 1606~2254 1640~2327 1618~2155 1606~2327
TEMP. 11.1£4.9(276) 24.1+£2.9(276) 15.8+£5.4(273) 2.3+2.8(271) 13.3+8.9(1096)
0 0.9~21.3 17.6~29.1 1.9~27.8 -5.0~10.3 -5.0~29.1
RAINFALL 1.1+1.8(92) 1.8+2.9(106) 1.1+2(76) 0410.9(108) 1.1£2.1(382)
(mm) 0~9.8 0~17.3 0~129 0~4.6 0~17.3
wind dir. 240.9(276) 215.5(276) 178.7(273) 193.9(271) 207.4(1096)
() 0.3~360 0.7~358.6 0.2~359.5 0.2~360 0.2~360
WIND SP. 2.7£1.1(276) 2.5+ 1.1(276) 2.3+1.0(273) 2,61 1.3271) 2.5 1.1(1096)
(msec-1) 1.0~5.8 1.0~5.8 0.6~5.8 0.2~6.7 0.2~6.7
Rel. humidity 67.6113.5(276) 81.1£9.1(276) 66.3112.5(273) 66.2+16.1(271) 703+ 14.5(1096)
(%) 33.9~96.8 57.0~98.6 34.4~97.6 33.0~979 33.0~98.6
Pressure 1016.3+6(276) 1008.31+3.8(276) 1008.3+£54(273) 1024.6£4.8(271) 1016.817.7(1096)
(HPa) 1001.9~1029.9 995.3~1016.2 1003.8~1031.2 1005.7~1036.9 995.3~1036.9

*All statistical terms are calculated using the daily mean values of each parameter
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Fig. 2. A plot of frequency distribution of wind rose in the Moo-Ahn station (MAN). The patterns were compared among four

different seasons.

o 719 AS, 4% M FuE A5 241+
29(267)°C, ALHE 23+2.80271°CE VERY,
Z 7123t T8 U4 7155 BAFIE 3l
o B3 $5= q8de 3 AEHd diides

dol SAZE AL duEd odF 715 5
e A Jeplz ok T BHe B, A=
A el A4x vepta 3o, BEAIdY] T30l
g $AIEH JeRdel 539 A9 AET
o3 JFoz GAFALGY Tl FEHAIL, 7}
23 Agde SFAG0] Ay os FFAE o F

3 SlckFg. 2).

MAN A 9ola #38 A7243E B 9n) A
sl e, FAHeE $FEHe ALY F
STFSHEANN #5E AHES FAds vEY
of g-&3l3chz vzEA el gk Fx+= Table 2
Az). ol& HEESAHRHAGN A& AE} FUA
do] RIS AAHCE HII] H3 O
Zro] stk MAN A Gellx] fZo] o]Fof3]
717K5st ofel (YoM #A=H CH, A5E FYT
N N1ZAM BlRE & GAE, 1953 88 16



oimoig Aoz B o] BN sus 54 97 285

Table 2. The site characteristics of CH,; measurements in the present study.

Site Code Site Mean+SD Range Latitude Longitude Elevation(m)
ALT  Alert, Nunavut (Canada) 1813+19.9 1779~1873 82.45'N 6252 W 210
ASC  Ascension Island (U.K) 1694+19.3 1423~1798 792'S 1442' W 54
CGO  Cape Grim, Tasmania (Australia) 16861 10.8 1663~1703 40.86' S 144.68' E 94
MAN  Moo-Ahn (Korea) 1898+85.3 1606~2327 35.06 N 126.17 E 233
MID  Sand Island, Midway (U.S.A) 177627 1714~1819 2822'N 17737 W 4
PSA  Palmer Station, Antarctica (U.S.A) 1684+11.3 1662~1707 64.92' S 64.00° W 10
SEY  Mahelsland (Seychelles) 1703+27.7 1643~1887 467 S 5517 E 3
SPO  South Pole, Antarctica (U.S.A) 16861+10.7 1659~1702 89.98' S 2480 W 2810
STM  Ocean Station “M” (Norway) 1813+19.8 1771~1903 66.00' N 200 E 7
TAP  Tae-Ahn Peninsula (Korea) 185380 1739~2266 3673 N 126.13' E 20
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Table 3. Estimated sources and sinks of methane for 1980
to 1990 (IPCC, 1995). All figures are in Tg(CHs)yr. 1 Tg=1
million grams.

Individual

estimates Total
(sources)
(1) Natural sources 160(110-210)
(2) Anthropogenic sources 375(300-450)
+ fossile fuel related 100(70-120)
- total biospheric 275(200-35)
(3) Total idendified sources=(1)+(2) 535(410-660)
(1) Atmospheric increase 37(35-46)
(2) Atmospheric sinks 560(460-660)
- tropospheric OH 490(405-575)
- stratosphere 40(32-48)
+ soils 30(15-45)

(3) Implied sources=(1)+(2) 597(495-700)

T bt 23890 CGO A3 PSA, SPO AH X
H23 Aol o] AABAE FAISAA, S
o] W3} A o= Ax fAR oz Yehdth
olg9 ZAse zH5E AUEH, AFdRAd
MANZ TAP9F Fe] & Hole W, 7[et =
9l RE AHE F Bkt #=HE= QTS
AL FA%RE Aoz ERIHAG. w=hA Ul AY
oA dojuke CH,ol WAl ofet AYshes
9 ksl arks AKEE s A
4 E

o] Aol x| A TR el B53
CH; 5% AEE 0|3l CH, &9 FF718 73
& slefstaal stk olE sl AiAlY WA
HZAHE vu[e RN & FYSIL 2 uE
AuHEgkt), 0|5 Aol s, 95719 xRSt
oM MANQ| 74 FHxde] A3 chFst wA
AE9 EFo] HIZ FAH= 4571 T T2
HIAPE olFUTh. 128X A Y EF F
3} 53 M TERAY Aol sl YEhsith
Y 2474¢l MAN, TAP A9-e uje) )97 ut
o] G Qel= F= Foll AAS FAE olF
LAY ggo] Bl HalAe wlet, BE W
ZAE FoM 1 e FEAE VS8 Ao
Alggrh B3], dukgel FEwsle] A 7o,
FEsle] MEo| AP Hubpst Gubyo] vla]

] Uehie B4e 448 2 AR AIBE

& EP ojRRe] Yo} 2899 BFR

AP AgsE %L W9 A% 2 2

3 CHS 47149 ¥a3Re Auiugs o), @
) ol

7 3 P 2o Zlow IR wd
o] ARl Ee4e B3l Uehbe 713AAES
ABA L 99| CH, F=vt Wdlshe Ay 2
EAHQ] P FAEEL Ui

olAY Fu AEZHENM AZH CH TEEXE
7Age] BolaiAl Yehtes A Bl & o, &
F olfst & FHsly] g Ay B A
oz o]FojHol & BoAL A7|Ect. FAXE
A a7ske A7 e HiEola S3 B
B g 2 AR vl 52 YEiMe A
AAQL T ARt opg} FA)F R ATE
A HedEofor & Rojrt. 53] FAA| G
FEol 1997dE0 FEHAL ERMETAA AE2
#Z0] 199835 E M=o AL gtk He 7
okt w], CHSF 2 F& 2471719 s=wst A
g 5ol dig Sl ASHED] AANE Tk
& AE AEHA A7t FRHoo & Aojt},
why B d3ze FdaAe] JHow FA|FHQ
A

[

I lo, £ o

ol

A
K=
“

FEL Qs LA B A7E FrHHoE
S A%E 2AFolh ‘
el =2

2 A7e FRIHde] SRC 71T
FAIE Afes oolgzyth

D
re

kS

7 Z1AATA, 1994, LA71A A Al2E A A
- A 24T FHEH A, 147-181.

71744, 1997, L4714 #2Ad, A 13- 1995~19964
2218 19.

714, 1998, 24713 A=A, A 28 19979 HEAE,
19

712434, 1999, 4714 A=A, A 19 19989 #A2A)F,
19

ANE - §EF - 571, 2000, 9] TS v
& F3 oliksleAe AF7|H wewsl Ao A%
A7, AT A], 17(1), 105-115.

ulYt, 2000, AR 712 Wk} A 298, e



3], 165-167.

%74 - £-8F - A7, 2000, olitstekae] WU B
A3l B4 s AT, dFATHEFA, 21(5), 434-
448.

oK « o|Hul - o] - ZFTF - L%, 1999, &= EYl
A 8 ZPHAEEE CH Wiy 2 g 34, ¢
F873F43A, 18(1), 1-5.

Aoz - f-271, 1997, A Felelxe] 2471A WF &
4 2, AFU7IRAEER] FAgEd] 843,
207-209.

o5 - o] ZF, 1992, 3=19] EighEA #ASE CH
A9 vAFE B A7-1990~19924 AFE F
Ao, =3, 1(2), 3348.

A8 - I B2, 2000, T Btz 24714 By
B, 8571331314, 36(1), 25-34.

A4, 1995, Ui71A71Ae] 7t} 7i3wsle] 7HsA,
spelg et 714, 13(4), 354-360.

SR, 1998, G-7 ZRAE AT FE W 2
7t 7€) A Alde] AR AR B 24 W
g 2N Al 2PA A 2, 3AREE AR BYA: AT
71B7144, 714974, 152-155.

Blaha, D., Bartlet, K., Czepiel, P, Harris, R., and Chill, P,
1999, Natural and Anthropogenic Methane Sources in
New England, Atmospheric Environment, 33(2), 243-
255.

Bogner, I. and Spokas, K., 1995, Landfill Methane Bal-
ance: Model and Practical Application, Proceedings
Saradinia 95, Fifth International Landfill Symposium-
Concepts, Process, Technologies and Operation, Atmo-
spheric Environment, 31(9), 4119-4130.

Byard, W., Mosher,, Peter, M., Czepiel., and Robert, C.
Harriss, 1999, Methane Emissions at Nine Landfill Sites
in the Northeastern United States, Environ. Sci. Tech-

Forxjoig FMoz o OEle] BN srist 4 o 293

nol., 99, 2088-2094.

De Visscher. A., Thomas, D., Boeckz, P, and Van Cleem-
puto, 1999, Methane Oxidation in Simulated Landfill
Cover Environments, Environmental Science and Tech-
nology, 33(11), 1854-1859.

Dlugokencky, E.J., Masarie, K.A., Lang, PM., and Tans,
PP, 1998, Continuing Decline in the Growth Rate of
the Atmospheric Methane Burden, Nature, 39(3), 664-
668.

Harris. JM., Tans. PP, Dlugokencky, E.J., Masarie, K.A.,,
Lang, PM., Whittlestone, S., and Steele, LP, 1992,
Variation in Atmospheric Methane at Mauna Loa
Observatory related to Long-range Transport, J. Geo-
phys. Res., 97, 6003-6010.

Lamb, BK., McManus, J.B., Shorter, JH., Kolb, C.E,
Mosher, B., Harris, R.C., Allwine, E., Blaha, D.,
Howard, T.,, Guenther, A, Lott, R.A., Siverson, R,
Westberg, H., and Zimmerman, P, 1995, Development
of Atmospheric Tracer Methods to Measure Methane
Emissions from Natural Gas Facilities and Urban Areas,
Environmental Science and Technology, 29(6), 2088-
2094.

Mosher, B.W., Czepiel, PM,, Harris, R.C., Shorter, JH,,
Kolb, C.E., McManus, JB., Allwine, E, and Lamb,
B.K., 1999, Methane Emissions At Nine Landfill Sites
in the Northeastern United States, Environmental Sci-
ence and Technology, 33(12), 2088-2094.

Riches, MR, Jianping, Z., Wang, W.C,, and Shiyan, T,
1992, The U.S. Department of Energy and the people's
Republic of China’s Academy of Science Joint of
Research on the Greenhouse Effect: 1895-1991
Research Program, Bulletin American Meteorological
Society, 73, 585-594.

2001 108 279 A3 HF
20029 19 25¢9 £33 HF
2002d 19 259 92 A



	JGGHBA_2002_v23n3-0076.tif
	JGGHBA_2002_v23n3-0077.tif
	JGGHBA_2002_v23n3-0078.tif
	JGGHBA_2002_v23n3-0079.tif
	JGGHBA_2002_v23n3-0080.tif
	JGGHBA_2002_v23n3-0081.tif
	JGGHBA_2002_v23n3-0082.tif
	JGGHBA_2002_v23n3-0083.tif
	JGGHBA_2002_v23n3-0084.tif
	JGGHBA_2002_v23n3-0085.tif
	JGGHBA_2002_v23n3-0086.tif
	JGGHBA_2002_v23n3-0087.tif
	JGGHBA_2002_v23n3-0088.tif
	JGGHBA_2002_v23n3-0089.tif

