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Interannual Variation of the TOMS Total Ozone and Reflectivity over the Globe

Jung-Moon Yoo® - Won-Sun Jeon
Department of Science Education, Ewha Womans University, Seoul 120-780, Korea

Abstract: In order to investigate interannual variation of total ozone and reflectivity over the globe, Nimbus-7/TOMS data
were used on the monthly mean and its anomaly for the period of 1979-92. This study also examined MSU channel 4(Ch4;
lower-stratosphere) brightness temperature data and two model reanalyses of NCEP and GEOS to compare the ozone variation
with atmospheric thermal condition. In addition, the MSU channel 1(Chl; lower-troposphere) brightmess temperature was used
to compare with the reflectivity. The ozone showed strong annual cycle with downward trend(—6.31+0.6 DU/decade) over the
globe, and more distinct response to volcanic eruption than El Nifio. The relationship between total ozone and MSU Ch4
observation, and between the ozone and model reanalyses of lower stratosphere temperature showed positive correlation(0.2-
0.7) during the period of 1980-92. Reflectivity increased interannually by 0.21+0.06 %/decade over the globe during the above
period and reflected El Nifio(1982—83, 1991—92) well. Its variability in annual cycle was remarkably smaller in tropics than
in higher latitudes. This is inferred due to cloud suppression and tropical upwelling regions. Reflectivity correlated
negatively(—0.9) to the Chl temperature over the globe, but positively(0.2) over tropical ocean. The positive value over the
ocean results from the effect of microwave emissivity which increases the Chl temperature with enhanced hydrometeor
activity. Significant correlations between total ozone and the Ch4 temperature, and between reflectivity and the Chl suggest
that the TOMS data may use valuably to better understand the feedback mechanism of climate change.
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Fig. 1. Time series of monthly TOMS total ozone(DU) during 1979-92 averaged over (a) northem hemisphere, (b) southem
hemisphere, {(c) globe, and (d) tropics. Each region is subdivided by ocean(long dashed), land(short dashed), and the ocean
and land(solid), respectively, The trend values over the ocean and land, and three regression lines are given in each panel,



Table 1, Linear trends(decade™) of monthly ozone(DU)
and reflectivity(%) and their anomalies over the northemn
and southern hemispheres, the globe, the tropics and the
Korean peninsula for the period from January 1979 to
December 1992,

Ozone Reflectivity
Region (DU decade™) (% decade™)
Total Anomaly Total Anomaly
Northem
Ocean —652 -529 035 032
Land -968 —-738 023 -0.01
Ocean & Land  -794 —623 0.08 017
Southem
Ocean —540 -724 040 —040
Land -2 -386 —-047 036
Ocean & Land  —4.91 -6.60 024 023
Globe
Ocean —574 -6.32 038 035
Land —7.51 -6.25 —-030 -0.12
Ocean & Land 6230 —-630 017 020
Tropics
Ocean —2.16 -270 028 020
Land —214 —251 —008 —0.08
Ocean & Land 215 —-264 017 012
Korea -1350 —-980 080 098

23} Bl glth(Fusco and Salby, 1999). Skuke] &)
§ 22 wet AAFHo 2 $XE Addstd) 9o
A Bubre] B, 23 soke Yukte Age B
Aok B9 SAE Ao 2 A AF (—97
DU/decade) 2] AL 22 9F7] HEE
(eF 25 DU ¥ 2 72 73K(—2.2 DU/decade)
< Bk 3 2 SAolM Bubreae] 74(—79
DU/decade)= ‘FHH(—4.9 DU/decade)dl] )3} o] 71
21, o] Niu et al (1992) 279} Ux|5}%c),

gt S0 Zd AsE vlws) By, Bukro
= FA7 o & 24 B3—9.7 DU/decade), it
AA= s go] SABD o 2 Fa2 A(—54
DU/decade)& WEFITHFig, 1, Table 1), iAo
T FA9 g Aol A H%she(—21~-22
DU/decade), AT F2(—7.5 DU/decade)7}
&% (—5.7 DU/decade) BT} ©] & 7242 Yehic) o
d SFINE e 229 Fe 2 gRHEe) =

TX| 7ol ChSt TOMS 2ZNknt vhatge| 29 ¥sl 707

7t @2 g wE2 Qs
AE3HAE, o] ) 02 %
FHOR FUHoE Qs Q&AM

o] 9lthKayano, 1997; Ahn and Shin, 1998).

QEAF ol Adwisls Ay 77k
Hjate] 19824 499 AX& 84H17.3N, 93.3W)F
1991 6949 IER 32H15,14N, 120.35W)0] Zuk
g A7l o AR FARES BrkFEg 2). 09
& AAE gatE Fo) oA Fato] Zaalo)
HAYSE o]atsl g} W] Fo] AEdoz f9l5ky ¥
e o2& dxHE 3], FAHE)} BHo] Y=
Ahrens(1994)8] F7-& SAF] oojz|&o] &A8t
713ke] dxj&e] ulF] SRR BN ] A&A
o, ole 1992 &gd F7HHe® AH(Spurr)
sPdEdo] Y] otk (Madison er al,, 1996), 1
2} Nimbus-7 « Version 7/TOMS S&A2F 2 uAlS
AgoME defeie et BAo] o]FeA|A] ekt
2B 2(Z A, 2000, personal communication), ©]E
Ao Zd st digk shrEt g3to] %A g
7he dolgd BAs #EE o2 Uz 19783
11958 1909 59714 77kl 9 Axe] g2
QEATF] FAHE Niu et al (1992)8] oA AF
vk glon, B A7 gwkr X gt gigs
X F, = B2l gk e &ATe] Adulsh(—
13.5 DU/decade)t= AAT9} 22 74 A Kol
W, 2 =27)9] 9le}x) AR)F(—6.3 DU/decade) o] B]3)
20 A= ZtHFig. 3, Table 1), Z28u} of=dale] A
AGAAE e o] ZHA733H—9.8 DU/decade)o] A
ZA|7(—6.3 DU/decade) Bt} 154 ZJc}.
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T, g, AAF, G, 283 sks B A 95
el 24z 2Abe o &AW A £Ho) B A=y
SEETHY EAERNN AATHo 2 o] Ay
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Fig. 2, Same as in Fig. 1 except for ozone anomaly,
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Time series of monthly mean TOMS data(dashed) and their anomalies(solid) during 1979-92 over the Korean

peninsula for total ozone. The trend values of the monthly mean data and their anomalies are shown in each panel,

Hansen et al, 1995)2 &7 1&g u] o =Auke)
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ChFigs. 4-6 and Table 2), ¥ WFE Alo|o] o]t oF
o] A2 7)Frde 01%‘5}@] ZAHE Hansen et
al(1995)¥} Ramaswamy et al (1996)2] A7 Ao} o
218}, Hansen et al (1995)9) <o 2% TOMS &
& A8E JY ARZ 2R3 GISS(Goddard Institute
for Space Studies) th71tjed 7|3 Agdx o=
el s 45d 9 JgRaAE 13 e
FHlo] ade, ol2jd A YR e A4
2 ok, shindell et al (1998)l] whw ¢ =9
Th RS AR 2ds 2 428 s 9%
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BTl =89 B olA MSUE 043, NCEPS
0.52, 283 GEOS¥ 0.69¢] A#-L wol oz3
GEOS 2%=2}9] gro] 71 & 3kth(Figs. 4-6), MSUSHe)
FHA G 023, A& 0199 RS o] HR
o] o] SAHD thk ESbhFg, 4), (§952 5%
M B =27] 1569 e fro)@Ql Aagte 0,130)

o). NCEP#¢] Aaollr e s)oko] 025, §371 0202
Hol SaloAe] Adgto] sotrr} ozt &gton] =
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Table 2, Temporal correlation(r) over 156 months from
1980 to 1992 between the total ozone and MSU, NCEP, and
GEOS channel 4 cormresponding temperature data over five
different regions,

Northem  Southem i
hemisphere hemisphere  GioPe  Tropics  Korea

Ocean

MSU 052 020 023 084

NCEP 057 022 025 0.86

GEOS 057 023 042 0.86

Land

MSU 0.19 026 019 083

NCEP 023 012 0.29 085

GEOS 021 0.12 028 085

Ocean & Land

MSU 03 021 043 085 064
NCEP 042 0.21 052 087 058
GEOS 041 022 0.69 0.86 048
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Fig. 4. Scatter diagrams of TOMS ozone versus MSU Ch4 brightness temperature(MSU Ty) over the global (a) ocean, (b) land,
and (c) ocean and land during 1980-92. The 'I' means correlation coefficient,
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temperature(NCEP T),
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