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Fig. 1 Atmospheric CO, hourly mixing ratios weighted by frequency of wind occurrence in spring,

summer, autumn and winter at Mt. Waliguan-'"
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Fig. 2 Atmospheric CH, hourly mixing ratios weighted by frequency of wind occurrence in spring,

summer, autumn and winter at Mt. Waliguan'*®!
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Fig. 3 Atmospheric CO, and §"C time series for 1991—2004 at Mt. Waliguan
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Fig.4 Atmospheric CO, and §"C mean annual cycle over 1991—2004 at Mt. Waliguan

RG0S A RN R R AR S T VE 0 AE
FAARXT #5517,

1 2 1992—2004 48, BLH G4 7 M FAb2k
K GAW AJR ok KA CO, Bk g, il LUFE
L BL LG RA CO, AR vk i S 3 K 3 Jm) 2 %8
it et P[] S0 00 00 50 4 2 A 4 30 o KR B i T A o Bk
w2 R X B RO . i e A TAP 3 i T 5
AT o 1t Y5 DX AR BEAX 20 m, HEAAE KRR CO,
B W 8 g T At LA A JEOUL I i

4.3 HEXASCH, AREE

K5 & B OGRS CHL AR AR AL I 8] 5 571, 25
O AREE CH, HFE3ME . WL G R0 b 2 0, BUHE
KRR CH, R EE B A HE R 1 e s AL &2
MR K I B e, 19912004 4 (1 vk BE Y [
1767.7X107°—1860. 9 X 10~ ° ; CH, 4E ¥y K (5 4. 4
X107 AHR A AR 3 A5 AR K 25 5, A 1992 4F 1 1996
AR EARIE 2 — 1 X107 F] 1993 4F 1 1998 4F (1 5 =
B 2914 X 1077, K 2 9 X0 I K AJF 205020 2 i



462 at % 2 Eird 65 %

F 1 WHEXAHA 6 > GAW 2P ERA G R CO, 4R E (X107
Table 1  Atmospheric CO, annual means (X 10 °) at Waliguan and other six NH sites over 1992—2004

s BRW MHD UUM NWR TAP WLG MLO
1992 357.7 356.2 356. 6 357.0 360. 6 356.7 356.6
1993 358.3 356.8 357.4 357.5 360.7 357.4 357.0
1994 359.8 358. 4 359.3 359. 4 361.2 359.2 358.5
1995 361.9 360. 9 361.0 361.2 364.0 360. 6 360. 7
1996 364. 2 363.1 362. 6 363.1 366. 4 362. 2 362.4
1997 365. 3 364.2 374.8 363.9 367.0 363.8 363.5
1998 367.3 366. 4 367.5 366. 6 370.6 365.7 366.6
1999 370.0 368. 6 369.2 368. 3 371.7 368. 2 368. 3
2000 370.8 370.0 371.2 370.3 373.4 370.3 369.6
2001 372.4 371.8 372.3 372.4 375.7 371.3 371.2
2002 374.3 373.6 374.3 374.2 377.8 372.7 373.0
2003 377.5 376.3 377.8 376.4 379.7 376. 2 375.8
2004 378.2 378.3 378.9 378.0 384.2 378.2 377.6

1 : Selected GAW global &. regional stations in the northern hemisphere (NH); BRW (71. 32°N, 156.60°W, 11 m asl), Barrow Global station (USA);
MHD (53.33°N, 9.90°W, 25 m asl), Mace Head Global station (Ireland) ; UUM (44, 45°N, 111. 10°E, 914 m asD), Ulaan Unl Regional station
(Mongolia) s NWR (40.05°N, 105.58°W. 3475 m asD) . Niwot Ridge Regional station (USA); TAP (36.73°N, 126.13°E, 20 m asl), Tae-ahn Peninsula
Regional station (Korea) ; WLG (36. 29°N, 100. 90°E, 3816 m asl) , Waliguan Global station (China) ; MLO (19.53°N, 155. 58°W, 3397 m asl) , Mauna
Loa, Hawaii, Global station (USA)
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Fig. 5 Atmospheric CH, time series for 1991 —2004 at Mt. Waliguan
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Table 2 Atmospheric CH, annual means (X 10~ ?) at Waliguan and other six NH sites over 1992—2004

H BRW MHD UUM NWR TAP WLG MLO
1992 1828.7 1804.7 1815.0 1778.0 1859.0 1787.3 1745. 4
1993 1829. 4 1808. 8 1819.5 1782.1 1875. 8 1786. 1 1748.5
1994 1843.8 1815.3 1824.5 1786. 8 1859.9 1799. 8 1758.3
1995 1845.6 1814. 6 1825.8 1798. 8 1844.3 1804. 4 1762.0
1996 1845. 8 1829.8 1835.0 1797.8 1849.5 1808. 2 1762.7
1997 1847.0 1825.9 1830. 8 1802.0 1854.0 1807. 2 1772. 4
1998 1859. 4 1834. 4 1845.0 1809. 0 1876. 2 1812. 4 1777. 4
1999 1863.7 1842.9 1848.5 1815. 3 1882.8 1824. 8 1785. 3
2000 1861. 3 1842.7 1853. 4 1812.2 1879.2 1830. 0 1784.9
2001 1860. 2 1844.8 1854. 8 1814.9 1879. 2 1828.1 1786.5
2002 1862. 2 1844.9 1851. 2 1824.1 1889. 4 1821.1 1783.6
2003 1877.3 1850. 5 1859.5 1826. 3 1895. 4 1835. 2 1791. 9
2004 1866. 3 1844.7 1859. 4 1823.6 1883.0 1842.7 1790. 5
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Fig. 7 Atmospheric CO time series for 1992—2004 at Mt. Waliguan



.
464 B %

EE 65 &

K —0.8X 107" (19971998 4 42 BRAF 1y 1 K It
FiHEE 18 X 1077, 1999 4F i K K, 29 — 16 X
107 L RA CO KB # N B 4R 14 K AH I 3
bR SR — g 2 e,

M 1991—2004 4 FL B R R CO B4 2
AL B O FTLAE s BB R KA CO A i 911k
TN Z AR F AR AL AR X FR A &K B
(2.3 JDO i 1B P REEBOR (10,11 A B Ak
(B, B S BODR B T AR 25 2 Il & 0 R e, 241
PIRYRIE 2y 45X 1077, 5H[FM A4 5 MBL F- 3
AR LA S AL 2 BROF B AR 3050 A He L B B OG CO
1284k A5 S0 I MBL K CO W & KRB
(2.3 A ikfem JEE (7.8 ) BRI FHER
B2y 70 X 107" 5 Jb2E Bk 90°—60° N, 60°—30°N FlI
30°—EQ FHZFEAfL Al 5 MBL Kk —3, ¥y
ZEPRMR A W29 85X 107,75 X 10 *Hl 65X 107, {2
BRI ARAR B - ¥ ZE 4R 8 2 20 X107 —25 X107,
5 MBLAH BB OGE B 52 (7,8 ) CO 2

RZREEH 40X 10 . &2 (12.1.2 A) Ak 4 20
X1077,CO FARMEHT G BIBCK E Y Z PR 8L 45 X
107, AR Ak 5 B 4b 26 Bl S SRR A K — 34

CO annual cycle (x10°)

Month

A8 RHEKR COLIETH T
Fig. 8 Atmospheric CO mean annual cycle
over 1992—2004 at Mt. Waliguan

2 3 & 1992—2004 F L HKLE 7/ GAW It
FERAS R B R CO AR F R i . 3l 5 ) B o M 4%
L e 5L BRW (e BR3E) i 3 B¢ )2 3 50 MHD
CRRR kD LA e P il o 185 45 0t A NWRCIX I3 ) 0L )
{EL 5 N i s V8 i i WILG (3Rl LA mT B 5 1

# 3 RWEXMHEAM 6 A~ WMO-GAW b2 BRA R 5 KR CO ATk & (X107
Table 3 Atmospheric CO annual means (X 10 ?) at Waliguan and other six sites (NH) over 1992— 2004

Year BRW MHD UUM NWR TAP WLG MLO
1992 142.3 135.9 152.2 129.5 255.0 139.9 96.7
1993 132.9 132.5 157. 4 120. 4 231.3 119.5 90. 3
1994 144.5 139.5 163.8 124.4 223.9 137.3 96. 6
1995 134.6 127.1 144.1 121.2 204. 2 130. 8 93.9
1996 136.1 135.4 151. 4 122.8 231.5 127.5 86. 8
1997 129.4 121.7 144.3 119.1 237.0 127.7 103.2
1998 159. 4 152.1 170. 1 136. 6 260.9 131.5 109.9
1999 135.6 130. 6 146. 3 119. 2 231.3 132.4 95.3
2000 125.5 118.6 148.3 110. 4 223.9 134.8 88.3
2001 125.4 124.3 148.9 118.2 206. 8 144. 6 91.3
2002 137.0 137.8 165.5 129.3 224.7 136.0 94. 8
2003 147.9 140.0 165.0 129.2 232.8 138.0 99.9
2004 129.7 126.7 150. 1 115. 4 225.1 150. 4 95.9
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PROGRESS IN THE STUDY OF BACKGROUND GREENHOUSE
GASES AT WALIGUAN OBSERVATORY

Zhou Lingxi Zhou Xiuji Zhang Xiaochun Wen Yupu Yan Peng

Key Laboratory for Atmospheric Chemistry , Centre for Atmosphere Watch and Services ,
Chinese Academy of Meteorological Sciences, CMA, Beijing 100081

Abstract

As greenhouse gas concentrations rise well above their natural levels, resulting in catastrophic impact
on the climate and environment, their temporal and spatial distributions as well as source and sink charac-
teristics have been incorporated into most international science plans and integrated observational systems.
Measurements of background greenhouse gases are made globally and it is the experimental basis to evalu-
ate their anthropogenic impact and to study the relative mitigating decisions. There remain, however,
large uncertainties in the derived source/sink values, partly due to a shortage of observational data. This
paper summarizes a decadal progress in the study of background greenhouse gases at Waliguan Observatory
(WLG) in western China, and brings forward an indispensable requirement to carry out long-term system-
atic observations that represent typical background regions of China.

By using the quality controlled in-situ measurements, background data selection procedures for the at-
mospheric CO, and CH, at WLG are developed based on local horizontal and vertical winds. On the basis of
observation, background variations and source/sink characteristics of atmospheric CO,, CH, and CO at
WLG are investigated that demonstrate both the Asian inland and global representatives. In addition, the
atmospheric CO,, CH, and CO data at WLG are compared to the data from 6 selected Northern Hemi-
spheric (NH) sites in the NOAA ESRL air sampling network as well as to the Marine Boundary Layer
(MBL) reference value from 1992 to 2004 to better address their common and specific features. Unique
seasonal cycles of the atmospheric CH, and CO at WLG are revealed and possible drivers discussed. The
atmospheric CO, and CH, source/sink identification at WLG are performed by the isobaric back trajectory
clusters. By means of the Hysplit-4 transport/diffusion model, the CO, variation at WLG in January and
July 1999 are simulated and compared with observations. Based on a series of uncertainties at present, this
paper at last puts forward a number of scientific issues remaining to be resolved.

Key words: Greenhouse gases, Data selection, Background characteristics, Source and sink identifica-

tion, Hysplit-4 model simulation.



