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Abstract: Data of the carbon monoxide concentration observed in Mt. Waliguan in China (WLG), Ulaan Uul in
Mongolia (UUM), Tae-ahn Peninsula in Korea (TAP), and Ryori in Japan (RYO) were analyzed for a long period
between 1991 and 2004. The annual average concentration of carbon monoxide was the highest at TAP (233+41 ppb)
followed by RYO (171 + 36 ppb), UUM (155+26 ppb), and WLG (135+22 ppb). The seasonal variations being high in
spring and low in summer were observed in other areas of Eastern Asia except WLG. TAP was high in carbon
monoxide concentration in all seasons compared to WLG UUM and RYO and shows wide distribution of concentration
in the histogram, which is caused by the influence of large-scale air pollution due to its downwind location close to the
East Asian continent, China in particular. Also, our data was compared with data measured at Mauna Loa (MLO) in
Hawaii. According to the origin of the isentropic backward trajectory and its transport passage, carbon monoxide
concentration observed in TAP was analyzed as follows: continental background airflows (CBG) were 216+47 ppb;
regionally polluted continental airflows (RPC) were 316+ 56 ppb; Oceanic background airflows (OBG) were 108+ 41ppb;
and Partly perturbed oceanic airflows (PPO) were 161+ 6 ppb. The high concentration of carbon monoxide in TAP is due
to the airflow from East Asian continent origin rather than that from the North Pacific origin. Especially, RPC which
passes through the eastern China appeared to be the highest in concentration in spring, fall, and winter. However, OBG
was affected by the North Pacific air mass with a low carbon monoxide concentration in summer. The NOAA satellite
images and GEOS-CHEM model simulation confirmed a large-scale air pollution event that was in the course of
expansion from southeastern China bound to the Korean Peninsula and the Korea East Sea by way of the Yellow Sea.
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Fig. 1. Locations of the background sites in the East Asian region. Passages of the airflows arriving at TAP are classified to the
continental background (CBG) transport, regionally polluted continental (RPC) transport, oceanic background (OBG) transport,
and partly perturbed oceanic (PPO) transport,
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Table 1. Details of the background sites in the East Asian region
Station Name Country Latitude Longitude Altitude (a. s. 1)

WLG China 36° 17 N 100° 54' E 3810 m

UM Mongolia 44° 2T N 111° 05'E 914 m

TAP Korea 36° 43' N 126° 0T E 20 m

RYO Japan 39° 02’ N 141° 49' E 260 m
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Fig. 2. Annual mean CO concentrations at Mt. Waliguan
(WLG) in China, Ulaan Uul in Mongolia (UUM), Tae-ahn
Peninsula (TAP) in Korea, Ryori (RYO) in Japan, and
Mauna Loa (MLO) in Hawaii for 1990~2004.
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Fig. 3. Histograms of CO concentrations measured at TAP,
UUM, and WLG for 1991~2004.
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Fig. 4. Monthly mean CO concentrations at WLG UUM,
TAP, RYO, and MLO for 1990~2004.
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Table 2. Average CO concentrations of CBG RPC, OBG and PPO (unit: ppb)

Month CBG OBG PPO

Mar~May 236+ 41 327+44 - -

Jun-Aug - 101 £35 161+6

Sep~Nov 193 +50 300+ 80 187+3 -

Dec~Feb 223142 315+42 - -

Average 216 £47 316+ 56 108 + 41 161+6
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Fig. 7. (a) Satellite image of NOAA 17 (1141 LST, 10 Dec. 2004) showing a large-scale transport of air pollution (LSTAP)
over the Yellow Sea, Korea and Korea East Sea. (b) A meteorological map showing the movement of airflow from southeast of
China to Korea East Sea. (c) Model simulation of CO concentrations at 930 hPa (0.7 km), and (d) meridional average (Latitude:
28~48N, Longitude: 113~135E) of CO concentrations conducted using by GEOS-CHEM global three-dimensional model of tro-
pospheric chemistry (http://www-as.harvard.edu/chemistry/trop/geos/).

TAPIM= WLG UUM Bt & 2 ¥t ¥
3 53] oJEde 52 =¥ opd v
HErt =74 FEHJ AHe2 WLGY UUM
< TAP, RYO$} H&g 9= EXE Rojn FolA
o} thFe] FAZ XL Y WA, TAPE &
FOZHE 350~ 700kme] F3l=o] A3 o]
OE AYEt F93 d)7] 999 F%e A B
RS- 3

SHt=9] i A#S - TAPIA distets 5
e 29 2 AFY 244 we) o) 7] =
o= BREY Fopro} g0 2RE WYl BCG
¢} RPC A=Ze o3 diksleta see 22t 216+
47 ppbs} 316+ 56 ppbS JERIITE thEA 7149
ol AEw FE &, 7M., ALl F=F9eH

RPCY ¢Jgt dihsleth FEE CBGY vlwsly &

TS

= 79 A AYE AX7] WA AA A
A=A vEpT xRl BHRdeRZRY 7|9
3t #% $1E o]E3l= OBGE 108+41 ppb, &=
Te YES AXE PPOE 1616 ppbs HERA
onj, 32 EHd ASHAUT}

A= Ao}l tiEA st TAPY F3HS
FA e 7R o ditslgtae) FEIt A9
Belggoziee] A2t & AL Eibe) 1
AmolA AFHRA R disled WATE F5
of A Jehx e AWE dX@t. oy
NOAA 14 %9733} GEOS-CHEM =4 A& olA
S 53 Al B4L TAP} Bolro} UiF, B3] &
FORFE FFF 7] o ol dFS v

NS HAETh



A A}

o) ATE WP AR A) CATER
et s

2006-3103) 20059% SHEFY
o Agow FHEFUT,

i
rok

kS

OfE, A8, 1993, o] HiolbEolN #EE o)iks}
o] wigEme] A3 A 1990~1992d AEE F
Aoz, ISt RAgsR], o(1), 61-68.

A8e, Ol2F, 1992, o] Eijhbzol #EHE CH
NG W7 Emd FE A1 1990~19929 A8E F
Ao, A=th7|nAstsA|, 1(2), 33-48.

B8, oI, 1993, T EdtEelq #29 o2
A wdEEd #e A SRR,
9(3), 200-206.

Akimoto, H. Mukai, H., Nishikawa, M., Murano, X,
Hatakeyama, S., Liu, C.M., Buhr, M., Hsu, K.J., Jaffe,
D.A., Zhang, L., Honrath, R., Merril, J.T., and New-
ell, R. E., 1996, Long-range transport of ozone in the
East Asian Pacific rim region. Journal of Geophysical
Research, 101, 1999-2010.

Bey, L, Jacob, D.J., Yantosca, RM., Logan, J.A., Field,
B.D,, Fiore, AM, Li, Q., Liu, HY,, Mickley, L.J., and
Schultz, M.G,, 2001, Global modeling of tropospheric
chemistry with assimilated meteorology: Model descrip-
tion and evaluation. Journal of Geophysical Research,
106, 23073-23096.

Chung, Y.S., Kim, H.S., and Park, K.H., 2001, Acidic pre-
cipitation and large-scale transport of air pollutants
observed in Korea. Water, Air, and Soil Pollution, 130,
367-372.

Chung, Y8, Kim, HS., and Kim, Y.S., 2003, On large-
scale air pollution in the Yellow Sea region: satellite
and ground measurements. Journal of Korean Society
for Atmospheric Environment, 19, 83-88.

Harris, JM., 1982, The GMCC atmospheric trajectory pro-
gram. NOAA Environmental Research Laboratories,
NOAA Tech Memo, ERL-ARL-116, 30 p.

Hoell, JM., Davis, D.D., Liu, S.C., Newell, R., Shipham,
M., Akimoto, H., McNeal, R.J., Bendura, RJ., and
Drewry, J.W., 1996, Pacific Explotatory Mission-West
A (PEM-West A): September-October 1991. Journal of
Geophysical Research, 101, 1641-1653.

Hoell, JM., Davis, D.D,, Liu, S.C., Newell, R.E., Akim-
oto, H., McNeal, RJ., and Bendura, RJ., 1997, The
Pacific Exploratory Mission-West Phase B: February-
March 1994. Journal of Geophysical Research, 102,
28223-28239.

Huebert, B., Bates, T., Russell, P, Seinfeld, J., Wang, M.,

1991-200451 SOMIOIOA 23t UNBIELAS] R Wi 55 651

Uematsu, M., and Kim, Y.J., 2003, An overview of
ACE-Asia: Strategies for quantifying the relationships
between Asian aerosols and their climatic impacts. Jour-
nal of Geophysical Research, 108, 8633, doi:10.1029/
2003JD003550.

Jacob, D.J., Crawford, JH., Kleb, MM., Connors, V.S.,
Bendura, R.J., Raper, J.L., Sachse, GW. Gille, J.C,,
Emmons, L., and Heald, C.L., 2003, The transport and
chemical evolution over the Pacific (TRACE-P) aircraft
mission: Design, execution, and first results. Journal of
Geophysical ~Research, 108, 9000, doi:10.1029/
2002JD003276.

Jaffe, D., Mahura, A., Kelley, J., Atkins, J., Novelli, P.C.,
and Merrill, J., 1997, Impact of Asian emissions on the
remote North Pacific atmosphere: Interpretation of CO
data from Shemya, Guam, Midway and Mauna Loa.
Journal of Geophysical Research, 102 (D23), 28627-
28635.

Kato, S., Pochanart, P., Hirokawa, J., Kajii, Y., Akimoto,
H., Ozaki, Y., Obi, K., Katsuno, T., Streets, D.G, and
Minko, N.P, 2002, The influence of Sibetian forest
fires on carbon monoxide concentrations at Happo,
Japan. Atmospheric Environment, 36, 385-390.

Kim, H.S. and Chung, Y.S., 2003, Surface ozone and pre-
cursors observed in a rural area of Korea 1993-2001.
Journal of the Korean Meteorological Society, 39 (6),
689-698.

Kim, H.S. and Chung, Y.S., 2005, On surface O; associ-
ated with long-range transport in the Yellow Sea region.
Water, Air, and Soil Pollution, 165, 95-112.

Liang, Q., Jaegle, L., Jaffe, D.A., Weiss-Penzias, P., Heck-
man, A., and Snow, J.A., 2004, Long-range transport of
Asian pollution to the northeast Pacific: Seasonal varia-
tions and transport pathways of carbon monoxide. Jour-
nal of Geophysical Research, 109, D23S07,
doi:10.1029/2003JD004402.

Logan, J.A, Prather, M.J, Wofsy, S.C, and McElroy,
M.B., 1981, Tropospheric chemistry: A global perspec-
tive, Journal of Geophysical Research, 86, 7210-7254.

Novelli, P.C., Masarie, K.A., and Lang, PM, 1998, Distri-
butions and recent changes of carbon monoxide in the
lower troposphere. Journal of Geophysical Research,
103 (D15), 19015-19033.

Pochanart, P., Hirokawa, J., Kajii, Y., Akimoto, H., and
Nakao, M., 1999, Influence of regional-scale anthropo-
genic activity in northeast Asia on seasonal variations
of surface ozone and carbon monoxide observed at Oki,
Japan. Journal of Geophysical Research, 104, 3621-
3631.

Pochanart, P., Kato, S., Katsuno, T., and Akimoto, H.,
2004, Eurasian continental background and regionally
polluted levels of ozone and CO observed in northeast
Asia. Atmospheric Environment, 38, 1325-1336.



652 2314385

Streets, D.G, Tsai, N.Y., Akimoto, H., and Oka, K., 2001,
Trends in emissions of acidifying species in Asia, 1987-
1997. Water, Air, and Soil Pollution, 130, 187-192.

Streets, D.G, Bond, T.C., Carmichael, GR., Femandes,
S.D.,, Fu, Q., He, D., Klimont, Z., Nelson, SM., Tsai,

N.Y.,, Wang, M.Q., Woo, J.H., and Yarber, K.F.,, 2003,
An inventory of gaseous and primary aerosol emis-
sions in Asia in the year 2000. Journal of Geophysical
Research, 108 (D21), 8809, doi:10.1029/2002JD003093.

20063 89 229 A%
2006 119 39 FHYY A
200613 119 72 A



