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Abstract

Since November 1990, the observations of methane (CH,) level have been carried out
at Tae-ahn Peninsula (TAP) in Korea. Analysis on atmospheric data obtained in the period
from November 1990 to August 1992 is carried out and the results are included in this
study.

We note that CH, does not have a clear seasona! cycle with a minor maximum in August-
September and with a minimum in June-July. The variations in monthly average level
are much larger with 1765.01~1857.21 ppb (amplitude 92.20 ppb). The occurrence of a
minimum in June-July is due to the inflow of the North Pacific air, an increase of OH
radical and due to a decrease in CH, emission from rice paddy. A maximum in August
and September appears to result from an increase in organic materials in agriculture (rice
paddy) and forests, inputs of local sources due to weak airflows, stagnation of the warm
and moist air and from a decrease in OH radical. The present analysis indicates that
according to CH, data from Mongolia and from several sites in North Pacific TAP is influen-
ced as much as 31 ppb in average from the inputs of Chinese emission. When the atmosphe-
ric CH, of TAP is compared with data observed at Korea National University of Education
(KNU), the values of KNU are higher (127 ppb) than those of TAP. It is clear that air
samples taken at KNU are influenced strongly by local sources in central Korea than
those at TAP.

According to analysis of trajectories and airflows, we find that there are 4 types in
classification. Firstly, when an air flow is originated mainly in China values of CH, gas
are in medium ranges. Secondly, when an airflow is from both local (Korea) and China
we find higher values. Thirdly, with an airflow from both local (Korea) and Japan origins
medium values are recorded. Fourthly, when an airflow of maritime origin arrives low
values of atmospheric CH, are observed at TAP.

KEY WORDS : Atmospheric methane, variations of CH, in Korea, regional monitoring
of greenhouse gas
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Fig. 1. Tropospheric methane chemistry.
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Table 1. 1992 NOAA/CMDL COOPERATIVE FLASK NETWORK
Cod Station LST to GMT Latitude Longitude Elevation(m)
ALT Alert, NWT Canada +4 82° 27 N 62°31' W 210
AMS Amsterdam Island -5 37°57 S 77°32 E 150
ASC Ascension Island +1 7°55 S  14° 25 W 54
AZR Azores +1 38° 45 N 27° 05 W 30
BME Bermuda(East) +4 32°22 N 64° 39 W 30
BMW Bermuda(West) +4 32° 16 N 65° 53' W 30
BRW Barrow, Alaska +9 71° 19 N 156° 36' W 11
CBA Cold Bay, Alaska +9 55° 12’ N 162° 43 W 25
CGO Cape Grim, Tasmania -10 40° 41' S 144° 41' E 94
CHR Christmas Island +10 1°42 N 157° 10' W 3
CMO Cape Meares, Oregon +8 45° 00' N 124° 00' W 30
CRZ Crozet -5 46° 27S 51° 51 E 120
CVS Sal, Cape Verde -1 16° 45 N 23° 50 E 138
GMI Guam, Mariana Islands -10 13° 26' N 144° 47 E 2
HBA Halley Bay, Antarctica +2 75°40°S  25° 30' W 10
1ZO Izana Obs., Tenerife 0 28° 18 N  16° 29' W 2300
KEY Key Biscayne, Florida +5 25° 40' N 80° 12 W 3
KUM Cape Kumukahi, Hawaii +10 19° 31 N 154° 49' W 3
MBC Mould Bay, Canada +10 76° 15" N 119° 21' W 58
MHT Mace Head, Ireland 0 53° 26' N 9° 44' W 5
MID Sand Island, Midway +11 28° 13 N 177° 22' W 4
MLO Mauna Loa, Hawaii . +10 19° 32 N 155° 35’ W 3397
NWR Niwot Ridge, Colorado +7 40° 03' N 105° 38' W 3749
PSA Palmer Station, Antarctica +3 64° 55° S 64° 00' W 10
QPC Qinghai Province, China -8 36° 16' N 100° 55" E 3810
RPB Ragged Point, Barbados +4 13° 10 N 59° 26’ W 3
SEY Seychelles —4 4° 40'S 55° 10 E 3
SGI  South Georgia Island +3 54° 00'S  38° 00' W 30
SHM Shemya Island +10 52° 43 N 174° 06' E. 40
SMO Matatula Point, Samoa +11 14° 15 S 170° 34’ W 42
SPO South Pole, Antarctica ~12 89° 59 S 24° 48' W 2810
STM Station “.” 0 66° 00' N 2° 00" E 7
SYO Syowa, Antarctica -3 69°00'S 39° 35 E 11
TAP Tae-ahn Peninsula, Korea -9 36° 44 N 126° 08’ E 20
UUM Ulaan Uul, Mongolia -8 4° 27 N 111° 06’ E 914
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List of Symbols
O Frequency of Calms (< 0.3m/s)

— 0.3-3.3m/s (0.6—6. 4Knots;0.7-7. 4mi/hi
T3 3.4-7.9m/s (6.5-15. 4Knots; 7.5~ 17.7mi/h)

3 8.0-13.8m/s (15.5 - 26.9Knots;17.8~ 30. 9mi/h) \

[ 13.9m/s & Over (27.0Knots &Over:31.0mi/h & Over)

Fig. 2. Annual surface wind rose of Tae-ahn Peninsula.
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Table 2. Estimates of methane emission from va-
rious anthropogenic and nature sources

in 1988 (Cicerone and Oremland, 1988)
Emission(Tg yr™*)

anthropogenic
ruminants 80
rice paddy fields 110
biomass burning 55
landfills 40
coal mining 35
natural gas flaring 45
nature
swamps and marches 115
lakes 5
oceans 10
other nature 40
total anthropogenic 365
total nature 170
SUM 335
F 68

Notes : F is the ratio of anthropogenic emisson to
total emissions.
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TAPl A 9] CH, 5% 9 ¥ $+ 1696.68~1991.67
ppb(294.99ppb) 2 wl$- A3 Wi QPCel A 9] T
¥ 9] 1722.89~ 1802.47ppb(79.58ppb) 2 A Eo]
o} F3 2] 1991 84 ~19923 7€ 7R 1 F<te
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Table 3. Concentrations of CH, observed at Tae-ahn Peninsula, Korea(1990~ 1992)

1990
NOV  DEC

1991
JAN

FKB MAR APR MAY

JUN

JUL

ADG

SEP

1842.81 1818.60 1848.98
1834.56
1835.83
1811.12
1822.26
1830.55

Mean 184281 1818.60

1906.92
1807.67
1795.27
1801.98

1827.96

1807.60
1906.54
1787.15
1786.03

1821.83

1789.27
1872.11
1813.04
1827.69
1739.86
1808.39

1851.17
1812.30
1696.68
1711.24
1753.64
1765.01

1891.54
184321
2021.46
1836.87

185721

184561
194837
1851.13
1808.05

1863.29

1992

OCT NOV DEC AKNUAL JAN FEB

MAR

APR

MAY

JUM

JUL

AUG

1870.76 185526 1824.22 1844.03
180749 1774.97 1798.89 1829.88 1811.83
1803.89 186347 1814.74 182324 183043
1809.77 1855.62 1818.28
180757 1836.26

1837.02

1819.88 183123 181262 182332 1837.81 1824.39

1815.73
1862.07
1884.05
1842.83

1851.17

1834.18
1819.34
1818.99
1814.90

1821.85

1860.97
1862.87
1860.59
1885.19
1813.50

1856.62

1809.16
1824.04
1866.55
1842.85

1835.65

1932.64
1818.55
1963.76
1728.33
1696.41
1704.55
1765.67
1707.98
1714.76
1700.27

1773.29

1902.59
1991.67

1759.28

187449

* denotes date excluded in man values
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Fig. 4. Variations of CH, observed at Tae-ahn Peninsula in Korea from 1990 to 1992.



2o gighwtsol A #2g CHol (93 v ZFsxe 38 A7 41

20504 290000 Weekly values of CH. at Qinghai Province, China.
eesee Weekly values of CHy at Tae—ahn Peninsula, Korea.
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Fig. 5. CH, variations at Tae-ahn Peninsula in Korea and at Qinghai Province in China from1990 to 1992,

2050 teeoo Weekly values of CH, at Ulaan Uul, Mongolia.

sssse Weekly values of CH, at Tae—~ahn Peninsula, Korea.
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Fig. 6. CH, variations at Tae-ahn Peninsula in Korea and at Ulaan Uul in Mongolia from 1990 to 1992.
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2050~ ©oooao Weekly values of CH, ot Shemya Island, Alaska.
essee Weekly values of CH, at Tae—ahn Peninsula, Korea.
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Fig. 7. CH, variations at Tae-ahn Peninsula in Korea and Shemya Island in Alaska from 1990 to 1992
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Fig. 8. CH, variations at TAP, SHM and QPC from 1990 to 1992
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TRAJECTORIES TO TAP ( 36.73N,126.13E) 91201 ~ 7/20/01

A: 0000 UT 1000 hPa

C: 1200 UT 1000 hPa

B: 0000 UT 850 hPa
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Fig. 9. Backward trajectories arriving at Tae-ahn Peninsula in the west coast of Korea at 0000

UT and 1200 UT, 20 July 1991
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Eix-A=2

AR 6~78ol #HAgkol vepdth o] A& An}
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& HAFhFig 9). ©] AEL HAx ggded =
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v S2atd o) =3 Sl A gdgoz $-elyetst
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7tedxE Ut oo oW ol 2 FA}
TFL FrEe S Aot Chung1988)e A
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Este] 77952 CO,, CH, T2/} 8he Foll v &t
ol AL gyt #He YA AEE o
Tl GA AF Tt HAAe BEEAA A=A
92 ¥ E 2 9] washout-rainout o] L7} Yo}zl

= 477t AU (AL AT, 1992). HE
E3hE= OH radicalel 2% o] 7IzHg3r CH.9
S} I WEALE BE e CH, WEo] o]l
HAyx g zed o]Fo]7] Zolth OH radical
3318t species ©]7luj o OHol 2% CH, 4+
e 948 E<te] 7HE Ath

Ul 109 2 HAgko] Vebdo whEsi
AZF olBA 17I%%e] 1089 EHAE Aulsto
#AAF GBS e, ojHF AV EFHFHR
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oz}
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22 CH, ¥=71 %7 ¥ef 4 4 9tk CH,9
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o} Zth (Riches et al, 1992).
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Z1mT)e] HASHA kgt 7|/ JF2ez &
Aol 28 HE F Utk BETE ol A<
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AFA 39F I w2 o) vEhddh sy
G FALEO) Al HRA 2 =0 7HE Fee)
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itk
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Te WX Ao =y WM FrIEAY
gk dE v AlFEch
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AR F2 FF02 RE 7193 7|1HFE o|d <]
CH, ¥E¥ #ate 2eh

ER 5% 7198 oA IR 2 LA
157 2% 2 de & @& #

AR g dy 7
F #g Zedd

A slekez REY 7He e e e

et

Y
N,
qq(
%
w o
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T3, 4B, HHY MY 9% w1 sle AL
o 4 qlth o]7L TAPo| BiHYH F53 2L
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gl dorimold #28 CH,ol

A #EAH o2 Uk Atk Table 4=
F2 32 7|ez ARHEF Jde T
NNW~Wolil £4:0] 3msec”' ©]/d2 EE9 CH,
TEE 4718 4ES Ve Aol

NNW-We| 71§+ 32 23 AgHo +434
o 23 (S-SWyelle A9 WYEhtA F=Th NNW-W
7154 TAPS 5% ¥ 3l 1787.2~1855.6ppbol
o PF FE¥E 18183 ppbolth TAPAA F=9
Qg dolH 7] Y3 NNW-W 7]F7F -4 3
TAPoI A #33 CH.o ¥=9 AAd] A
Ex 2 ulw3lgch(Table 5).

Table 59114 EAIE nie}zto] TAPAIAe] CH,
ezt 74RE o KUM, UUM, QPC, MID, CBA,
SHM®Xt}h+= zHzh 71ppb, 22ppb, 49ppb, 43ppb, 19
ppb, 19ppb & ¥t} o8 Z#HS5& TAPo] 3'dol
AAE LFYT AGHQA FFS Bo] AT A}

AR WAERel B AT 45

AdE 53l oz BE9 7|FE B CH,
A27t ol FYE & A& T Foh

FHozRy FslEt dvl ¥xo CHIF
A E=71E dotre R s FuEE dojth
CHY Yo wel F7hstct . &g TAPS] backg-
round ¥EE MID® SHMS 5 A= 4& 7t
Hotgth, Ao & YA fle QPC TE&
sl 3810m EololA FHS o AHAA F
A3 gEo AdFer we kg uvehid,
UUMS] A& & 19929 7] A8 &AMt B
A o) oFsted F oM #E3 AR AMESE
& ik ol #A st Y& MIDe} SHMS| S
gt 1787ppbolth. o] gtel AHAAS sty 9
S| A Alzbell whe Wl WA

() = ai+ at + at’ + 3. (a + 2 sin(2nit)
+ a,+ 3cos(2nit)

Table 4. CH, level and weather factor in selected days(Unit : ppb)

Date CH, level Wind direction Wind speed(m s™)
91/ 1/ 5 1818.60 NW 10
3/31 1822.26 NW 10
4/20 1795.27 NwW 3
5/ 3 1807.60 NW 3
5/17 1787.15 NNW 3
10/ 7 180749 NNW 8
10/20 1809.70 NwW 10
92/ 1/ 3 1844.03 NW 3
1/17 1823.24 NW 14
1/26 1855.62 Nw 4
2/ 8 1837.02 NW 4
2/14 1811.83 NW-w 8
2/23 1830.43 NW-w

< L9 957} 30°~90°N oA, t= 1987
19 198 0o =23te 99 AlFoly a,=1734.03,
2,=12.65, a;= —0.58, a;=15.72, a,=—7.99, a=1
76, a,;=2.38%] o] ti(Steele at al., 1992). 1991
We t=4 o|EZ f(4)=1787.20ppholt}. o] e
AellA &3 F0ak# & X Fck TAPo| backg-
round station®.2 F%g o2l 1787ppb B =9

&g A 2 Aotk ¥4 2HEN FHE A&
vwstd ZPX7F FHA Ho 3lppbEth A=
gutvola #Z2g CH, Mae F3M 71F71
fddd of 31pphAE FH F¥E Vv
agt £ JAk Fe FEHGS w2 T
A7 A=) A2 98 Mty wH e
A F3e] srEwtwsixle] HuA=le < 170
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Table 5. Comparison of CH, levels observed at TAP and at global methane network for

selected days(Unit : ppb)

site latitude level range average difference  above sea level(m)
TAP 36° 44' 1787~1856 1818 - 20
CBS 55° 12 1763~1815 1799 19 25
SHM 52° 43’ 1785~1825 1799 19 40
UUM 4° 27 1770~1822 1796 22 914
QPC 36° 16’ 1751~1793 1769 49 3810
MID 28° 13’ 1742~1790 1775 43 4
" KUM 19° 31 1700~1782 1747 71 3

*MID, CBA, KUM9| g2 I ZE o] &3t 4 =z +24.

Table 6. Comparison of atmospheric methane gases measured at the seashore(TAP) and
inland sites(KNU).

. CH. Wxnd Wind Temp.
Date Site direc. . Remark
(ppb) speed ©
(m/s)
92/2/28 TAP 1818.28 WSW 2.5 14.0 cloudy
v KNU 2053.57 WNW 0.3 92 hazy
92/3/6 TAP 1815.73 NNE 5.0 6.0 -
s KNU 1900.66 NNE 24 43 -
92/3/13 TAP 1862.07 NNE 1.0 8.0 -
v KNU 1972.58 - calm 4.0 dense fog
92/3/20 TAP 1884.05 NNE 4.0 9.0 -
” KNU 1961.00 N 15 9.0 cloudy
Ave. 126.92 -

kmol™, EiQto|l A AEwte= oF 300km, 18]ar
o) et A FFE & ¢F 500kmelth. o]
AZe 3% 71T A7IE Hol 10~48A13t
Ao} ol A e|th

4.3. TAPZ KNUO|AML| CH, =X H|n

Table 6& TAPZ} KNU A #&8 CH,Y 5 &
Hl g Rojr}, Table 69 Hli§ AlAlEL 25
KNU® CH, %7} TAPET &4 o HF
217} 126.92ppb ©lt}. ol& EI¢HT HFApojo A
LAY 3 FEAY sourced] JEE A B
ATk KNU A9 & Ao 712, FAZT W& 3

Hofo] =Eo] ok =3 HF, A UL ZHE
24EA £} T FAAUE RE viFH=
B sourceE 7HAR 9len, ¢ 2kmE Hold
Fole 449 =27} 9le] B AEo] o] F3t).
oloh= Wl 2 TAPS A HQ 5 - o]& A¥eoz
Fzte] =3 wol Qlom FHo) e dED
utg wiclz ojojF AlF AHoith &, W, 73
S 2REH ALEL th A £ oy FHA
Ao A HA s LPEH S Aoz o §- i
53 Q7 B haze’t #EE o A2 F
=7 A Jelddh o]R2 F7|7F FA S
kol oy 7] whFelch
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