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Figure 1 The Ozone Monitoring Sites in Asia.

of Ozone Monitoring Sites.

Height
Name of sites Country/ Region Lat/Long 9 Sources of data
above sea
1. Mondy Russia/ 51° 39' N 100° 55" E 2,006 m JAMSTEC
Northern Asia
2. Issyk-kul Kyrgyzstan/ 42° 37" N 76° 59" E 1,640 m WDCGG
Central Asia
3. Oki Japan/East Asia  36° 17" N 133° 11’ E 90 m EANET
4. Happo Japan/East Asia  36° 41’ N 137° 48’ E 1,840 m EANET
5. Rishiri Japan/East Asia  45° 07' N 141° 12’ E 35 m EANET
6. Hedo Japan/East Asia 26° 50' N 128° 15’ E 60 m EANET
7. MinamiTorishima Japan/East Asia 24° 17" N 153° 59’ E 8 m WDCGG
8. Tanah Rata Malaysia/ 4° 28" N 101° 22" E 1545 m Malaysian Meteorological
South East Asia Department
9. Bukit KotoTabang Indonesia/ 00° 20" S 100° 32' E 865 m WDCGG
South East Asia
10. Darjeeling India/South Asia 27° 03’ N 88° 16" E 2,050 m NPL
11. MtAbu’ India/South Asia 24° 30" N 72° 42" E 1,700 m PRL

" Data in 2000.
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Table 2 Frequency for Each Type of Trajectory and Statistical Data of Ozone in 2004.

Month
Station Annual
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mondy Type E - - - - - - - - - - - - -
(%) N 6 - 6 - 3 - 14 7 10 - - 6 5
NE - - - - - - - - - - - - -
NW 42 34 48 17 42 27 10 34 10 26 30 13 29
S - - - - - - - 3 - - - - 0
SE - - - - - 13 - - - - - - 1
SwW 3 3 - - - 7 10 10 - 3 3 10 4
w 48 62 45 83 48 47 66 45 80 71 67 58 61
Ozone Mean,
b 416 450 485 526 60.7 458 417 420 386 406 399 385 44.6
pp
n(r) 744 695 736 713 736 715 632 681 595 598 719 744 8308
Issykkul Type E - - - - - - - - - - - - -
(%) N 3 3 - - 7 13 13 7 - - - 5
NE - 7 - - 7 - - - - - - 1
NW 3 6 15 48 40 10 29 59 39 30 13 25
S 10 - - - - 10 - - - 10 - -
SE - - - - 6 7 10 - - - - -
SW 16 21 13 7 - 3 - 16 - 26 10 19 11
w 65 66 81 78 35 23 55 42 33 26 60 68 53
Ozone Mean,
b 381 374 361 371 442 456 455 468 400 334 315 310 38.9
pp
n(r) 711 658 708 613 726 684 673 726 583 731 711 706 8230
Hedo Type E - - - - - 17 19 16 28 6 - - 8
(%) N - 3 - - - 3 - 3 - - 7 2
NE - - - - - - 10 10 - - - 2
NW 35 14 13 27 19 13 10 3 61 30 15 23
S - - - 6 17 - 16 - - - 4
SE - - 3 - 19 17 13 10 21 3 7 - 9
SW - 7 19 17 39 13 23 13 14 - - - 13
w 65 72 61 57 16 17 13 3 3 13 47 70 40
Ozone Mean,
b 463 468 350 379 277 211 92 137 153 407 487 440 322
pp
nthr) 736 682 734 712 734 712 726 733 675 733 710 620 8507
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Table 2 Frequency for Each Type of Trajectory and Statistical Data of Ozone in 2004.

(Con't).
Month
Station Annual
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Minami Type E - - - 23 29 20 19 35 27 17 40 19 23
Torishima (%) N - - - - - - - 3 - - - - 0
NE - - - - 10 - - - 17 7 - - 3
NW - 10 - - 23 10 13 10 27 10 3 3 11
S - - - - - 10 3 - - - - 2
SE - - 3 33 - 30 26 7 3 16 13
Sw 3 - - 7 - 10 3 23 - 3 - - 5
W 87 72 65 7 32 - 32 - - 30 30 52 42
Ozone Mean,
b 419 472 409 272 364 217 177 131 238 283 310 385 30.7
pp
ntr) 744 696 744 703 744 714 736 744 713 703 720 743 8704
Rishiri Type E - - - - - - - - - - - - -
(%) N - - - 17 - - 6 13 - - -
NE 23 16 10 7 - - 13 - - - -
NwW 52 76 58 30 35 63 29 45 30 32 52 39 46
S - - - - 6 13 - 7 - - - 3
SE - - - - - - - 3 - - - -
sSw - - - - 3 - 26 - 6 - - 4
W 26 8 26 43 55 23 26 26 53 61 37 52 38
Ozone Mean,
b 409 478 535 548 579 424 314 307 374 411 379 385 429
pp
nthr) 728 566 728 704 728 704 728 732 704 727 609 732 8390
Happo Type E - - - - - - - - 4 3 - - 1
(%) N 3 - 3 - - 3 - - - - - 3 1
NE 3 - - - - - - - - - - 1
NW 61 52 42 30 23 45 19 - - 16 23 16 28
S - - 3 - 3 14 - 16 - - - - 3
SE - - - - - - 19 39 36 3 - - 8
S - 7 - 3 26 24 35 10 11 - 3 - 10
W 32 41 52 63 48 17 19 35 43 65 73 81 49
Ozone Mean,
b 488 583 641 737 712 587 490 462 467 516 506 518 559
pp
nthr) 709 681 721 704 725 704 649 729 636 729 704 728
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Table 2 Frequency for Each Type of Trajectory and Statistical Data of Ozone in 2004.

(Con’t).
Month
Station Annual
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Oki Type E - - - - - - - - 4 - - - 0
(%) N - 4 3 - - 3 - - - - - - 1
NE - - - - - - - - - 10 - - 1
NW 61 52 39 40 23 40 10 - - 19 11 5 27
S - - - - 10 3 - 13 4 - - - 3
SE - - - - - 10 26 29 32 - - - 9
SwW - 7 - 3 19 23 52 16 21 - 11 - 14
w 35 37 55 57 48 17 6 26 36 61 79 95 46
Ozone Mean,
b 396 469 513 605 563 473 342 33.0 407 428 441 388 448
pp
nthr) 714 624 693 700 724 700 709 724 627 712 626 456 8009
Mt.Abu Type E - - - - - - 6 39 20 - - -
(%) N - - - - - - 11 - 13 6 - -
NE - - - - - - - 13 40 - - -
NW - 83 71 - 29 20 50 32 - 39 40 6 33
S - - - - 10 - - 3 13 6 - 13
SE - - - - 24 - - - 16 - -
SwW - - - 4 5 - 28 13 - - 10
w 100 17 29 96 33 80 6 - - 32 60 71 45
Ozone Mean,
b 429 396 403 391 424 331 417 330 503 557 523 468 431
pp
nthr) 742 693 744 600 477 99 381 732 341 741 720 741 7011
Darjeeling  Type E - - - - - 5 - - - - - - 0
(%) N - - - - - - - - - - - - -
NW - - - 3 27 5 6 - 10 29 20 3 10
S - - - 3 - 11 26 - 10 - - -
SE - - - - - 5 . - - 3 - - 1
SwW - - 4 - 15 53 68 100 37 13 - 3 26
W 100 - 96 93 58 21 - - 43 55 80 94 58
Ozone Mean,
b 31.9 - 628 485 552 291 258 187 255 305 374 387 36.7
pp
n(hr) 460 - 500 720 624 427 744 566 720 744 720 744 6969
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Table 2 Frequency for Each Type of Trajectory and Statistical Data of Ozone in 2004.

(Con't.).
Month
Station Annual
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Tanah Type E - - - 44 13 - - - 20 29 - - 15
Rata (%) N - - - - - - - - - - - - -
NE - - - 22 - - - - 3 3 - - 4
NW - - - 7 19 - - - - 3 - - 4
S - - - 7 - - - - - - - - 1
SE - - - 15 - - - - 50 - - - 9
SwW - - - - - 3 - 16 - 16 - - 5
w - - - - 68 97 100 84 20 48 - - 62
Ozone Mean,
- - - 191 226 260 140 178 181 155 - - 19.0
ppb
nthr) - - - 623 744 701 741 737 719 743 - - 5008
Bukit Koto Type E - 7 - 32 - - - - 13 19 - 3 6
Tabang (%) - - 8 4 - - - - - - - 10 2
NE 58 29 35 16 - - - - - 6 70 42 22
NW 13 11 15 16 13 - - - 10 - - 10
S 6 - - - - - - - - 10 10 35
SE - - - 12 - - - - 50 16 - -
sSwW 19 - - - - 3 - 17 - - 7 - 4
W 3 32 42 4 87 97 100 83 27 45 10 - 46
Ozone Mean,
opb 150 119 128 142 132 134 109 162 104 141 124 121 13.0
nthr) 722 648 567 593 742 713 628 714 713 730 714 730 8214
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Figure 2 Backward Trajectories of Ozone Monitoring Sites.
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Figure 3 Eight Types of Air Masses Arriving at The Monitoring Sites
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Analysis of Air Mass Backward Trajectory of

ABSTRACT

The objective of this work was to study
ozone variations in Asia using data regarding
ozone from 11 monitoring stations in Asia in
2004 compared with the 10-day backward
trajectory of air masses by the HYSPLIT
Model. The trajectories were categorized in
8 sectors of air masses. Most air masses
came from the W and NW directions. The
mixing ratios of ozone in E Asia were
considerably high when the air masses from
the W sector passed over sources of pollution
such as at Happo and Oki stations with an
annual average of 55.9 ppb and 44.8 ppb of
ozone, respectively. Mondy station in Siberia
had an annual ozone average of 44.6 ppb
with air masses from the inner region of the
continent. On the E coast of Asia, Minami
Torishima station had a lower ozone average

as the air masses passed over the ocean,

with an annual average of 30.7 ppb. As most

J Public Health 2016; 46(2): 216-229

Regional Ozone in Asia 2004

Orapan Packul Pakpong Pochanart’

air masses passed over the ocean all year
long, Tanah Rata and Bukit Koto Tabang
stations in SE Asia had lower ozone averages
than other stations in Asia, 19.0 ppb and
13.0 ppb, respectively. The air masses moving
through different regions and sources of
pollution caused ozone mixing ratio variations
in Asia. The monitoring stations received the
movement of air masses on the mainland
and detected higher concentration compared
with air mass movement from the ocean. In
addition, not only local air pollution sources
but the long range transport of pollution
should be taken into account. The findings
from this research could benefit ozone

prediction particularly in the monitoring areas.

Keywords: backward trajectory, HYSPLIT,
Ozone, Asia, air mass, long range

transport
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