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Tropospheric Ozone over the Seoul Metropolitan Area Derived from
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Abstract: The effect of ozone and surfice temperature on the ozone band at 9.7 um has been investigated from radiative
transfer theory together with observations in order to derive empirical methods for remotely sensing ground-ozone
concentration. Simultaneous observations of satellite (MODIS Aqua; ECT 13:30) and ground-ozone at 79 stations have
been used over the Seoul Metropolitan Area (SMA; 125.7-1272 E, 37.2-377 N) dwing four ozone-warning days in the
vear 2003, Cloud effect on the band in the methods was filtered out based on symoptic observations. Upwelling radiance
values at 9.6 um which have been estimated at the given ozone concentration of 327-391 DU depend on surface
temperature (T6) showing 5.52-5.78 Wm™sr at Te=290 K, and 9.00-9.57 W s at Te=325 K. Thus, the partitioned
contributions of czone and temperature to fitensity of ozone absorption band are 0.26 Win™w™ /64 DU and 031 Win™sr /35
K, respectively. Here the intensity which has been used to remotely detect ground-ozone concentration from infrared
satellite measurement is defined as the difference in brightness temperature between 11 um and 97 pm (ie, T .=). The
methods in this study have been applied to estimate ground-ozone from MODIS data in cases that there are significant
correlations between the band intensity and ground-ozone. The values of estimated ozone significantly correlate (0.49-0.63)
with ground observations at a significance level of 1%. For the improved methods, further study may be required to use
tropospheric ozone rather than ground-ozone, considering the variation stratospheric ozone.
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Table 1. Location of 84 stations for ground-ozone observations in the Seoul Metropolitan Area (SMA; 372-377 N, 125.7-1272
E). Five stations which have the symbal of asterisk with station number of the table are excluded in this study, because they are

out of range in this study area

Sidion Neme of Stafion Lt () Len(® Soon Neme of Station La (N) Lon (B)
1 Jeong, Seoul 37.586 126.98 43 Gwangmyeong3, Gwangmyeong 3748 126.85
2 Hyoje, Seoul 37.57 127.00 44 Gojan, Ansm 3732 126,83
3 Harmem, Seoul 37.54 127.01 45 Wonsl, Ansin 3731 126.81
4 G, Seoul 37.54 12710 46  Bonoh, Ansan 3729 126.87
5 Seoungsy, Secul 37.55 127.08 47 Wongok, Ansan 3733 126.80
6 Myormok, Seoul 37.59 127.08 48  Bugok, Ansan 37.33 126.86
7 Yongdu, Seoul 37.57 127.03 49 Daehy, Ansan 3732 12679
8 Gilom, Seoal 37.60 127.03 30 Byeolyang, Gwacheon 3742 127.00
9 Banghak, Seoul 37.67 127.03 51 Gwacheon, Gwacheon 3745 12701
10 Bulgwang, Seoul 3761 12693 52 Sutwek, Gur 37.60 12714
11 Namgajwa, Seoul 37.57 12692 53 Dongen, Gud 3761 12714
12 Dacheung, Seoul 37.54 125695 34 Ohjeon, Uiwang 37.35 12658
13 Hwagpk, Seoul 37.55 126.83 55 Bugok3, Ulwang 3732 12695
14 Guro, Seoul 3748 12690 56 Jeongwmng, Siheungs 37.34 12675
15 Gung, Seoul 3749 126.84 57 Stwhagongdan, Siheung 37.34 12673
16 Danggan, Seouol 3751 126.29 58 Daeya, Stheung 3744 12679
17 Sadang, Seoul 3749 1256.89 59 Guomgok, Namyagjo 37.63 12721
18 Shillim, Seoul 3745 12698 60* Shinpyeong, Pycongtack 36.99 12710
19 Dogok, Seonl 37.49 127.086 61 Haemgehing Goyang 37.62 125.84
20 Banpo, Seoul 37.49 127.00 62 Tlsan, Goyang 37.67 12678
n Jameil, Seounl 37.50 127.09 63 Kimrmgang, Yongn 3724 127.20
2 Bangi, Seoul 37.52 12713 64 Sawoo, Gimpo 3762 12672
23 Chenho, Seoul 37.54 12713 65  Gochonmyeon, Gimpo 37.59 12677
24 Siheung, Seoul 3745 1256591 66 Tonginmyeon, Gimpo 37.69 126.60
25 Bun, Seoul 37.63 127.03 67  Dang, Gunpo 37.35 126.87
26 Shinjeong, Seoul 37.52 126.86 68  Sanbon, Gunpo 3736 12693
27 Sanggye, Seoul 37.66 127.07 8% Dam, Osam 3715 127.07
28 Shinpung, Suwon 3728 127.01 70 Shirjang, Hanam 3749 12679
29 Kwonseon, Suwon 3726 127.03 Tl Shinheung, Incheon 3745 12665
30 Wumang, Suwon 37.30 127.03 72 Mmseok, Incheon 3748 125663
31 Youngtong, Stwon 3725 127.08 73 Guwol, Incheon 3745 12671
32 Cheoncheon, Stwon 3729 12698 74 Soongui, Incheen 3746 125665
i3 Dandae, Seongrem 3745 12718 75 Bupyeong, Incheon 37.50 12673
34 Seongnam, Seongnam 3743 12714 76 Yeonhui, Incheon 37.54 12668
35 Jmgjal, Seongnam 3738 12712 77 Gyeyang, Incheon 37.57 12673
£ Sunze, Seongnam 37.38 12712 78 Nonhyun, Incheon 74 12870
37 Uljjeongby, Uijeonghbu 3773 127.04 79 Seoknam, Incheon 37.50 126.68
38  Uljeongbul, Ujeonghu 3774 127.05 80* Songhaemyeon, Incheon 3776 12647
39 Anyang, Anyang 3740 12692 81  Shimgok, Bucheon 3749 12679
40 Burim, Anyang 3738 12696 82 Nae-dorg, Bucheon 37.52 12678
41 Hogye, Anymg 37.38 12696 8 Sangl, Bucheon 3749 12676
42 Cheolsan, Gwangmyeong 3747 126.87 84 Wonjong, Bucheon 3752 12681
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Table 3. Correlation between ground-ozone observations and satellite data in seven infrared channels of the MODIS Aqua after
cloud screening. In addition, the satellite parameters of T 4= and T__.- are also used for the correlation. Here the data, out of
range from maximum of 11 pm brightness temperature over the SMA by 10 K, are eliminated

Channel (pn}
Date  No. of OBS T a7 T -
8.7 11 12 133 13.8 139 142
May 4 33 0.28 034 032 022 022 02 0.29 039 0.39
May 5 51 0.10 021 022 013 024 0.28 0.23 027 0.28
May 13 50 022 03s 0335 042 0.42 0.42 0.43 048 0.49
Ang 8 51 039 040 0.40 027 0.03 0.09 0.08 041 041

Table 4. Same as in Table 3 except for the total data based on composite observations of four days with cloud screening
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Fig. 9. Cuone profies over the rogion (37.0-37.7 N, 1259-
1273 ) of the Korean peainsula, abserved fiom NOAA-16.
saelie during four days of the year 2003

W@ WIEe] 18% e $-

EAE el AREE 12142 um A
Fo} 71 B4, v AEstk divle) €3 e
of Wb W 4 gleme, @ shiopd A% 2
B Aml AR el o et wgsk)
o}, Ak WA wpie ol2A Wil AN
sfsh g} A eEprk: 43 8 A 9F
9 LEFF fold o Y datk ugd Ao




o 4Ed 2 WES FAEMT

2FE°| WHEX

AdeE s=s deske dRd 2 4ede] &
DARES ZARP] Ak NOAA-165] 44
A8E AR olEE 2 FAEEY A=
AR A48 o2 27 =A% vEss
AT NOAA-168]M = AF(37.0-37.7
, 125.9-1273 Eys B3 20039 4970 22 ¢
EES Fig ol AAEETE 4458 204, 74
149, 119 159, 1€ 7¢) 9] A=7} A= A
A AFE whdsde 7R o, o] Agel AR
Fol oEEFED B.oj2e] B3, 7p - AL Wk
o B2 4% 2 4% JdEdY] £ 7kl
gAE gAME T BTdly, TET o] Edd
depde o 45 R 29 S o
(Singh et al, 1978; Minzuno and Yoshikado, 1983;
ARG B, 1989 O] g, Edds BabE 59
T A9 dFdels A7y eEE A, A
Hog IFT 225 Ee Ad 3R vzt
Fdez olgde A% . 4EFH 22 5=
= Addeg dx ARk 9 €A} 7=, 6~10km 3
T2] F2o] FFE A% 2o A, a3 wA g
WREA S| osldx HIsH](Beekmann et al,
1995),

Jd Z & o Je i

Fhd] vAs 22 2 94 gAS A7 FHS)

on, eEFeE7} SId 20039 He @ 49
SAITE 44 (Aqua; ECT 13 :30) 2 A4
E ARl e A Oig A 2E 48
A RS AT o714 AF AR F7 5
X5km H#2 MODIS &%41(9.7~14.2 umy 94
#EH FPFAATEY ) AH AR L2 S
g4 HE AeolH, 22| AEAREES A A3l
7] ] SATE NOAA-16 2% TEEHUT
LEFHRE 24 A5 o3 oF B bk
o7 e 2ABTRE F2 2520033 94y
Elazha et

EAEESS A AR Hekd, 77

2F FT(327-391 DU thsbed 6.6 mel A2 B2}
Frr FTHLE(TPF 290KYe 5.52-578 Win s o]
%oH, T} 325 KoM= 9.00~9.57 Wm “sr 0] $itt,
2 06um? ol2E ZAsM 2FE Foig
HalS olgst AR, 22 FF AV,
11 }lm—ﬂ‘ 9.7 um E‘?‘ﬂ%E’_&PA i}'; T11-9.?}°ﬂ EH_‘?_]' 2
& ZIE 026 Wm s /64 DU, 283 93 &3
= 031 Wm s '35 Kotk

2 gAR) AgAE vz e EIE,
AR PHES AEEEoH, AR 2 w2
gt Aed Ag Brless] A B oly) Ty,
of AT AT o] M= HHEE 2F
F7F A7 A B3] FoE9 s 2ole
oEFolr WEdONd 59 44, 59, 139, 8
gdy] AEEReH, 5 B3F AAN] Hob
Agde] F2d AY 11 um e ozl
K ode] &8l B7]Es 11 um PSS 7}
e AT AT AR AEAAM
A 22 e HEFE 81 dEeA 49%
A, 22| BAE B s 63% ARE EYL
, Ol e A7 fele 1%elM R Eks
ot zEy AR Al AR e@2Eve iR
A 2F TS AMETE, & o Ads A4g4
o] frEely e Eah R dgels oln|
o Az di7e] 93 23, QARED Az
ez 7] B 7 EAE gk I
Hojop gt} AW 229 43 Sl 8 DA6A
= 83 STV (0506 Ay opuR| T
=3 olE0] FdgE | A HiFe SiA
7Fed 8 #AE AEEt B 97 dids e
H Ao A} & wwo] HEoh A& &
42 F 3on, & o A8 245 fxar] 9
Me A4 22 o HI: 7 aeEojof
s

S

AL AL

o =EE 20049 e SARY 7lxds
ATA Y KRF-2004-015-C00598)l] 2l3he] A7=9)
o, ol FRA=EUT A 22 A8 R =
=5 T SYEATTEY gl 2R}, a8y A
44 EFe 2 s I P TS(NASA/GSFC)2
olFo] ERrlet A ek =Y £ =8



YMBEMODSIA REE £ A0l (1RE oF 9 +RE 293

& el B A= A T4 FA R W
@ s} A= =AU

25

F=E, Y%, 40z, A7E, =7, AEE, 197,
A8 S E FHAL 62-64,

7PdETE, 1999, AT t7] 24 HE AL Al e
G BT, 363-457.

AR, ZEZ, o9, o, AEE, HA], 1989, &
E=9 FH 2 FuAAAP] B[E A BFHAEA
a7, 5 (2), 55-71.

%4, 1996, 19911993 Alo] feuigty) o = W
g Si=T7 ) HAEE]A] 12, 55-66.

494, 2000, $EhEte)l 2E8FE WEl Fo)9 F2 <At
=71 8AE A, 16 (6), 607-623.

AT, T, AT, 2R, 2002, fiFdese 94
FEu HEE A IFETeE A B4 8957
FEE)A] | 38 (4), 307317,

AR, 1po), A8, Newchruch, M, 2001, 4FgARY
£ &% HRd 2T 49 24 A, 1 (),
151-153.

il ZAS IAR, F9AE, AT, 24, 2004, A
FEFHAY LTeolrt AlARE o]&E s A4E
H 8E5E I d=7AEEA, 40 (2), 217-228.

MR, WAE, olsE, AEN, A, HET, ASE,
1995, AAA AT ZAAH2] eE:FE SAIT. TF
H7IRAEEA], 11 (3), 253-262.

Mz, s, 2a, 1992, W7o g s Rzt
TR AT W7 RAgEA, § (4), 213-220.

A & G, BSE, 1986, HEA W)F 229 2
=& o gkl 24, gl R A", 2 (1), B-
79.

Z3)7, A, o7, 1994, Mo 283 e A
3k S=71EER] | 30 (2), 219234

B, 2003, 7)@AER 20039 €. BAR IPEA
7.

Beelanamn, M., Ancellet, G, Martin, D., Abonnel, C., Duv-
emeuil, G, Eidelman, F., Bessemoulin, P, Fritz, N., and
Gizard, E., 1995, Intercomparison of tropospheric ozone
profiles obtained by electrochemical sondes, a ground
based lidar and airbome UV-photometer. Atmospheric
Environment, 29 (%), 1027-1042.

Blacet, F. E., 1952, Photochemistry in the lower atmo-
sphere. Indusirial & Engineering Chemistry Research,
44, 1339-1348.

Cartalis, C., and Varotsos, C., 1994, Surface ozone in Ath-
ens, Greece, at the beginning and end of the twentieth
century. Atmospheric Environment, 28 (1), 3-8.

Chung, Y. 8. and Damn, T, 1985, Observations of strato-
spheric ozone at the ground level in Regina, Canada.
Atmospheric Environment, 19, 157-162.

Comrie, A. C, md Yamal, B., 1992, Relationships
between synoptic-scale atmospheric circulation and
ozone concentrations in metropolitan Pittsburg, Pennsyl-
vania. Atmospheric Environment, 268, 301-312.

Danielsen, E. F., 1980, Stratospheric source for unexpect-
edly large values of ozone measured over the Pacific
Ocean dwring Gametag, August 1977. Journal of Geo-
physical Research, 85 (C1), 401412,

Haagen-Smit, A. I, Bradley, C. E,, and Fox, M. M, 1953,
Ozone formation in photochemical oxidation of organic
substances. Industrial & Engineering Chemistry Research,
45, 2086-2087.

Herman, I, Bhartia, P, Ziemke, I, Ahmad, Z., and Larko,
D., 1996, UV-B increase (1979-1992) from decreases in
total ozone. Geophysical Research Letters, 23, 2107-
2110.

IPCC (Intergovemmental Panel on Climate Change), 2001,
Third Assessment Report - Climate Change 2001, 43,
Komhyr, W. D., 1969, Flectrochemical concentration cells
for gas analysis. Armales Geophysicae, 25, 203-210.
Miname, T, and Yoshikado, H., 1983, On some character-
istics of the diwmal varation of O; observed in island,
wban mnd rural aress. Atmospheric Envirorment, 17,

2575-2582.

Mueller, 8. F, 1994, Characterization of ambient ozone
levels in the Great Smoly Mountains National Park
Journal of Applied Meteorology, 33, 465472

Papayarmnis, D, Balis, D., Basis, A., Calpin, B., Durieux,
E., Fiorain., L., Jaquet, L., Ziomas, L, and Zerefos, C.
8., 1998, Role of wban and suburban acrosols on solar
UV radiation over Athens, Greece. Atmospheric Envi-
ronment, 32 (12), 2193-2201.

Prabhakara, C., Conrath, B. I, Hanel, R. A., and William-
son, E. T, 1970, Remote sensing of atmospheric ozone
using 9.6 pm band. Journal of Atmospheric Sciences,
27, 689-697.

Singh, H. B., Ludwig, R. L., and Johnson, W. B., 197§,
Tropospheric ozone;, Concentration and wvariabilities in
dean remote atmosphere. Atmospheric Environment, 12,
2185-2196.

Stachelin, I, Thudium, J., Buehler, R., Volz-Thomas, A,
and Graber, W., 1994, Trends in surface ozone concen-
trations at Arosa (Switzerland). Atmospheric Environ-
ment, 28 (1), 75-87.

Stevenson, D., 2001, Global influences on future Ewropean
tropospheric ozone. Proceedings from the Eighth Euro-
pean Symposium on the Physico-Chemical Behaviour
of Atmospheric Pollutants 17-20 September, 2001,
Torino, TItaly;  hitp/fies.jre.cec.ewint/Units/ce/events’
torino2001 /torinocd/Documents/Urban/UO7 hitm.

Sunwoo, Y., Carmichael, G R., and Ueda, H., 1994, Char-
acteristics of background surface ozone in Japan. Atmo-
spheric Environment, 28, 25-37.



294 R3= 4R 0T

Tucker, C. I, Vanpraet, C. L., Sharman, M. I, and Itier-
sum, G V., 1985, Satellite remote sensing of total her-
baceous biomass production in Senegalese Sahel: 1980-
1984. Remote Sensing of Environment, 17, 233-249.

Ueccellini, L. W, Keyser, D, Brill, K. E, and Wash, C. H,
1985, The presidents day cyclone of 18-19 February
1979: Influence of upstream trough amplification and
associated tropopause folding on rapid cyclogenesis.
Monthly Weather Review, 113, 952-988.

USEPA (United States Environmental Protection Agency),

199§, National Alr Quality and Emissions Trends
Report. 1997. EPA 454/R-938-016, Research Trangle
Park, NC.

Vingarzan, R., 2004, A review of swface ozone back-
ground levels and trends. Atmospheric Fnvironment, 38
(21), 34313442,

Yap, D. and Chung, Y. 8., 1977, Relationship of ozone to
meteorological conditions in southern Omtario. Preprints
70th Armrmal Meeting Air Pollution Comntrol Association
Toronto, 14.

20053 3¥ 29 G @
20053 3¥ 23 ALY F
20054 3€ 23¢9 P A=



SYBSWODSIIN FEH TR X2 HEY

1o
il
e

+iag 295

(a) May 4, 2003
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Appendix 1. Suwface oconc distibutions (unit: ppb) at 1400 LST in SMA dusng the days of grownd-0z0ne waning of the
yeat 2003 on {a) May 4, (b) May 5, (e} May 13, &) Juri 5, (&) July 15, (B July 30, @) July 31, (h) August 9, and () Augst
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