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ABSTRACT
Recently measurements of atmospheric trace gases from satellite are vigorous. So the
development of its data processing algorithm is important. In this study, retrieval of
vertical ozone profile from the atmospheric transmittance measured by satellite solar
occultation method and its sensitivity to temperature and pressure are investigated.
The measured transmittance from satellite is assumed to be given by the limb path
transmittance simulated using annual averaged Umkehr data for Seoul. The limb path
transmittance between wavelengths 9.89um and 10.02um is simulated with respect to
tangent heights using the ozone data of HALOE SIDS(Hallogen Occultation Experiment
Simulated Instrument Data Set) as an initial profile. Other input data such as pressure
and temperature are also from HALOE SIDS. Vertical ozone profile is correctly retrieved
from the measured transmittance by onion-peeling method from 50km to 11km tangent
heights with the vertical resolution of 3km. The bias error of £0.001 in measured
transmittance, the forced error of £3K in each layer temperature, and the forced £3%
error in each layer pressure are assumed for sensitivity tests. These errors are based on
the ADEOS/ILAS error limitation. The error in ozone amount ranges from -6.5% to
+6.9% due to transmittance error, from -9.5% to +10.5% due to temperature error, and
from -5.1% to +5.4% due to pressure error, respectively. The present study suggests that
accurate vertical ozone profile can be retrieved from satellite solar occultation method.
Accuracy of vertical temperature profile is especially important in the retrieval of vertical

ozone profile.

1. M B

Q12 A ota] ¢ &22E S #EF A2 Nimbus-7/SBUV(Solar Backscatter Ultraviolet),
TOMS(Total Ozone Mapping Spectrometer), LIMS(Limb Infrared monitor of stratosphere)2] 2 & &
20] 91t} (Connor & Russell 111 1993). A AF NN 225 & BZstE Wdle B BAt
AT QE X0 odle] Tk Ay = oMol FrE 2 sk WY (Klenk et al. 1982)3 7] F
o] & A7} wEele A £ vlolA2uE £33 WE & &Y (emission sounding)(Liou
1980), 28l 2 AT th7128) F@ 7 Z(Limb Path)ol] &l ef < BAte] F3&& BEste Al F Ao
% (Rao et al. 1990, Lenoble 1993) 5] Ach el AHU L th719] §34& & 78 o 719 H4}
2 (extraterrestrial radiation) & & H #3 & = gl7] W& 2] BA (self-calibration)®] 7} 3k
23182 A #slA 7 4 U3 A7IES BEo] 7H58tHRussell IIT et al. 1993a). 22| BZ o]
Bk ey e o 9 do]2Fe 947 EXE BE3) Hdo nF FF $F ATF(NASA)9
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McCormic et al. (1979)°l ¢J&] A== Ach. Q¥ 94 AEM-B(Application Explorer Mission - B)el
A ¥ SAGE I(Stratospheric Aerosol and Gas Experiment I)& el % 2A}o] 7}A1 34 0.6 ym 33
dHelM 1kme| @3 Ralgo 2 elF dA e oaiA 1979d 29 58] 1981 119712 A=) o2
EXE d&3% o). 3 1984 109 ol = ERBS(Earth Radiation Budget Satellite)°ll SAGE I1E &
At} 2L gl ola) QEWR of} oo 2F, £37) B9 d2 RIS YA BE2sta gl
oov S #F 7 AT TN E A QEEED ohva 2 ¥ (Lunar Occultation Method )&
A& 3te SAGEIIE 20003 =l A3tz glth(McCormic & Wang 1993). 1991d o= 3}t A
UARS(Upper Atmosphere Research Satellite)°l HALOE(Hallogen Occultation Experiment)7} %3l
=o] 1= 80°NoI AR € 80°S 74312l JHol AA o4 2.45umo] A 10.04umAlo] o] QL o] &3}
o v lAMET 2%, 7] A E3F #2831 9k (Russell 11 et al. 1993a, Russell IIT et
al. 1993b). HALOE®] &2 1= & 15kmoll A8 60~130km7t=] o] ek ol Yo 2Jajry sl
303] #Zo] o] Foi2] 1 glth. 1996'd 89 17U o] Y &-ol| A WALEl 2189} 4 ADEOS(Advanced Earth
Observing Satellite)oll ¥ 2] ¥ ILAS(Improved Limb Atmosphere Spectrometer ; 1997'd 69 309 =
£71% 34)= 3 6.2umol A 11.8um7tx| o} A e} 9 H o)l A 55°~70°N, 63°~87°Se] 19 % =]
M FHILE 2kme] Ealsoz o2 B 2 5te njE VA S A2 EXE B2sgth AA)
Gm AFBFATE/2EATAHL WA ADEOS/ILAS #E28 A& A% dneld M 3
osta vt A& FY $74 A T4 (NIES)2 Yokota(1991)= ADEOS/ILASS] R} 8x]2] ¢l Z 7}
2 9o 17 6.2umelN 118umAtole] HH JLAN N 7 Ao g O)rle] SHES M w
% (line-by-line) & ©] §-3te] HAULEWEZ BASAT. 2eln 9= % 0)F 7AE9 A4 $E =
2 dudFS Ngsld 2710 FHEERE o0& Y v A9 A7 EXE 289 t}(Yokota

2. B AT|Yol| 2|8t X 2F By

B doge AFAY 8 dirle A8 ¥, L2 A5 S 1Y 19 trle A A=
of ete] Fote B HALE AAPOE BEshe] TR olv) BE AL szt wm A o A4
A Bz 2 £ A2 Yol§ 2 o] 1 nme FAY G2 HEE A & Yok
Gordley & Russell ITI(1981)] <}3}% F47149) Hut o7& 947 wekoe Bashe Azny
FAZ 2 B B3ol 60} o Bk 28l 3 Azl g DAL 7U OB PP
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Lysy) = Lov($eo) T(S0.800) T / Jus, 0Ty 50.9) (1)
Tu(Sg,Sc0}

APNIA L e v oA E3hE Bake A7), Lo 719 AAF 23 Lk 48 el
st B3 A, & A2 SoolH S71A 8] $3&& EHATh Fol sholA B Bate] 377}
AT wART 958 ) HEel 4 (19 FAA G FAY £ ok 22 A (1)L G
3} o) WY & st

Lu(s0) = Lou(Se0)Tv(S0,5) (2)
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AF A4S AN BEGY Avol A th71 o) B FE Bate] A7) To 3 S34E BF 2o A7) L8
Bastod 4 3% L FF AL e DA €t
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a2 t7le] 71kt F571H, 7] A B2 o] 123 F4 A4S du ddE Fd A=
o g HF H7] FHEE oS3 4] (4)° =) AL

Tm =

7= fA,, €Xp (_ fAV K‘VPXdl)dl/ (4)
fAu dv
A7elA k& B vol B F5 ASFEZA BYE eomlatmlo|n 59 7|t 4o} P
Ao 2A atm BT XE F57149) EPulel D 1e FA B 2o] Lol =M cmErSlo|th. B
& A (3)9) BE FoHE T L, FABRY o), JI%, 223 FF 7] A FFASE g2
ATH F4 7142 £ XS 228 AAEA 4 (4)o] 8 7 AN T — 7 ~ 00 T T}
2 FolR) nEel EPH] XS WEY] o9& T8 4 9o}

22 FF A A
FF AT e BS A2 BAED

Kk, = Sf(v—w) (5)

A7 A f(v — )= A LU (line shape), o= F5He F4 4 28l3 v & 1,8 AistE A

oMol H58 2tz sel@h 449 A7) S e 2ok

S= /_ : Kydv (6)

49 4 2L Lorenz, Doppler, Voigt &< So] gt}

2.2.1 Lorenz A1 ®.9F
8t3 719 71 A EAke] £ 82 Aste] F449 48 Z(pressure broadening)o] 471t} o] gt
Z 2 Lorenz7} T} o] M meke F A&,

TS e ™
T (v—1) +ag?

714 o, & Lorenz WEgkoltt. 4 (1)& 4 (5)o) WYY F4ASE 78 % U} Lorens HE
tage 29 7Igte 42 ge 4oz Fadn.

fuv —w) =
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P T
a = CLAD) o = (8)
RYVT

A71M po & Ty = 2 BEAAE ) 71t x5 ToM e A A7|Se v A o2 BA™ &
91t} (Park & Russell III 1980, Cartalis 1989).
B To\? 11
S = S (T) exp [—1.43913,(5,- - F0)] ©)
71N Spe 27t Tl el A7, EE 71X A v, 38z 2z 4% £4 (linear
molecule)e]] AefAE 1, L &3} 2L H| 43 ¥ 2} (non-linear molecule)ol] thai A= 1.50] .

2.2.2 Doppler A 2%
Doppler A 2 F& B-21¢] A7 522 s} A7 F449 Z(broadening) S YetE &5
olth A mere dutA o 1% 50km o] 49 AFui7lelA & vEain i A3} o] EPA

_ 2
Folv — ) = al—D }%—Q-exp[——ln2(%) ] (10)

71N ape £E HEGo 2N Thg Aoz EdUh

wy = 0 (2KTzn2)i
C m

7] N m3t o2 $AFH U] S5 A7 ofn| Pt

2.2.3 Voigt A 5%

Yutz o2 YEANME 2R grEgto] £ BEZRD Y A, 28y nxrt ek
£2 T E2) wEZEgo] ARA T Z(broadening)?] A3} E BT nidjoftct. olw F A o F
38 27} Voigt A ZFolth Voigt 4 R A2 AL 5 e ARG GE% T ALY
o2 gydch

0 2
fv(l’—Vo)ZRo%/ eXP(—tZ)y;-ﬁ- (Z—t)t (12)
1714
o () o
y = :—;(lnz)i (14)
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E 1L 7 FoA A7l FA Bze o).

Tangent Height Length of each layer  (km)
(km) Layerl Layer2 Layer3 Layer4  Layerb
50 253.4 -
40 253.2 185.6 .
30 253.1 185.4 127.8 -
20 252.9 185.3 127.7 103.9 -
10 252.7 185.1 127.6 103.9 89.9
z =2 (1n2)? (15)
ap
E #¥o] "}

2397 & B¥ =3y

ol AT E A LE EXE F317] Yol A Mckee et al.(1969)3} Russell 11T & Drayson(1972)°]
A28 ot A B 717 (onion - peeling)H & o] &35t} 4t A WU L FA AR BE
< A AEHASG AT FAZ FEI UVE st JH B2 TR0 oA RE] wiEy
< AFRPY. A FelAe EFuE FHAE OF o2 Wit £ O o] e 2o
Heoz péte eltt. A 39 T X1 & FE5W 0 59 FF £3ALS A (@) s At
g glth o] ALY HE FHEE T2 oA #29 YF £38 T 900 dAE gL 2
t}(Tallamraju 1975).

o7
=T+ (5 )a% (16)
o 4% AX; o helA
T
X, = (17)

g Atk q471M AX ol AF FERUL X o HaxE HF & HP—‘—?—?" BN -T =00 HE X,

< 78 71 Aok o] Wl ofa R o EusF FAAA D}% 2 2A7kA o] vrE ey g
APt o] AFoA 2Q g ’@é 71712 Alste]l wham A HA F2gho] AA g3t w4
& = A A5 ZolBolM & 9l A3 o] 9ltH(Cartalis 1989). 83 FA AR HAH

& o]l Fef E3hvle ofn 74]4“}%_1 #E AR ERE HHARES) 938 2o TFu|T ol v
He AA™o] Art}(Cartalis 1989).
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Mixing Ratio Profiles for 7 Gases
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2% 3. 271gke 2 A3 V15t 2o A& ¥ ¥ (Yokota 1991). (52.6N] 7&3 o] HALOE SIDS
247 ).
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3. H7|2| £tg 2A}

BE Faed A7) AaM 7HER 719 7188 E BAlE 2% 19 2} 50km, 40km,
30km, 20km 128]3 10kme] HHLEE AN Eo2 th7]E 5709 202 SR} 7)o Agte
55km=2 7R3 A o] WAL 6371kmeolt}. th7] FA A2 o] Wo|x 2} vt} Azbet4 g ol
&3] AdPen, v A2l g & 39 Hole E 1] JET dE S99 40kmH N 15 o)
el MRF 2] dole 29 10 EAIF (1)) 2 27} 253.2km, (2)9] o] & 185.6kmot}. 18] 3
Zt 29 Wzl gdsitn by gon dlel o e aFek AT gi7] 244 e) BAME 4] gok
AR 27182 AHEE 229 A7 £¥ e 37 20 JEIATH o371 AFRE 9 Zo] gl
X = HALOE SIDS(Simulated Instrument Data Set) A} & | t}(Yokota 1991). X9} 7|¢HE ¥ = 77
3o GEhY on o] AR E-2 52.6° Ne] 723 9] HALOE SIDS A} 8.0 tH(Yokota 1991). o] & F-o)| A
= A (12)2 £94€ Voigt A2FE ol &8l 258 FFA5E A4} Drayson(1976)0] A 2o+
g At gete] FAAA Mo 1w FFAFE 4 ool dldl AT o] Aol A @ E o)
FAel $4, Lorenz WE gk, A A7), 714 Zeje] o] $¢] 2 &&= HITRAN tjo]El (Rothman
et al. 1992)& A8t HITRAN tlolglellA 715 229} 9hed & 217} 296K S} 1 atmo]t}. 9 = 9]
F4 33 9.5um~10.0umF & Foj|A] =3} 9.50pm~9.63um Ato] o] @ =} 513} 9.89um~10.02um A}
o) = Fgel A FA ARl trle) FEE 72 mAth o] A PolA & ADEOS/ILASS
447) 2 9] A4 Foll A 189 (1038.02cm™! ~ 1052.13cm™?) A1'd 7} 15¥1 (997.89cm ™! ~ 1010.92cm™1)
A'd & AHE-8H 2 TH(Yokota 1993). 2 (4)°] 9J3ted Foi B4 G o) i} HF T 2L T817] 9
stel 2 99 S 940.002em ! A 02 M BT weka HF £S5 9sta] A EH w
of el F3&L 2zt Fata o] ghES st HFaNAM T} o] 2 WG o] AT ML A
Eolstn B Rch AA 94 9.50umol A 9.63um Fol M 2t HHAnw=E 2 2} 5o the) BA
B FoES 29 40 veblch o] 37 40l sheke] 57 2z 2t MR AEgor =

ESART Aol BE FHE L HMLE Lol A} 28lm 28 4 9o aa T
LE A FrAel FA A 2 AVE el 281 0F Yo FAE £aE 9o B
FA9 AeE vebdoh 3 9.50um~9.63umP G A @ Zol| o3 F4M 9l A4 HITRAN =}

202870} a2 n HAdnwrt Wbl what PF F3go] FAS) PAasted 10km HA

BT FHZL 0000030}, 2 9.89um~10.02um Gl tef] L2 JF F5E ©
FaAREe W A= EZ ARYo 2 7t s5of tie] AN B8 19 59 7t} HITRAN
o] N LZFo A FFH AFE 3224701 HM DS} FAF e wat B

T Fe2 F43 FaAch o Aol oA A 9.50um~9.63um Abo] o] AF L @ Eo) o3
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03 Mixing Ratio Profile
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&% ZAE o 229 71k £7] A8 & HALOE SIDS 218 & A3t oejm A &9 93 o
#Z 28+ 19861 291 3 E 1994 104712 QA E R HEH SAM F& o0& EYFEAR
WM (Umkehr) & o o #3538 A5 & AHL-ATH(E8] T 1994). ] 7125 T 10km o)
A 50km7bA] @& 1y EfHl= Y7 Ytk 17 8L #EE HE F3}1-83 HALOE
SIDS Z}Enoﬂ osf ZAlE M= HE £3E&2 vebd Aot o] F HE &S 7% o
99L& 9.89%um~10.02um FHeo|n MRFHo 2 AMG 7 ghol] g T3S HFd gtolth
o] sd-& Y& ADEOS/ILAS ©] 159 s§d-& A&t R o] th(Yokota 1993). 23|32 A7 Ealse
50km~10km H A D E=74A] 3km HEH oj 4 Z)AlE 2&2%E ok a7 8oM & §= gl So]
25kmE A2 &fA 26kmET 2 DM Mg A #&2 87 2Y & Arr g u
ol B F&e] AA vEtstth 281 25km o] &t Dol e Mg v #S 2lzol 9% o
o5&l BY & AR AT HT FAHEET} At o9 o] A &o] vbd B g2 B
T3 HE Fhed wAtE BE B2 FE gy AE g1 98l 50km A 2o A BE
1lkm HADEAX] MEo] A2 0& £XF Adstdch o 23 23 99 ok o) W 2+ A
T E WY e 2792 HALOE SIDS @ &% 1/22 FUc}h. 2F F M nxvir} drE o] A
Hell mhet X2 42 & EX7F 2&2HAT 24 Foioh wkEy A8 3 FE 2ol s} 2lo] A 50km
AY ndM e 932 vHEYo] 71 Wol UL 17km A DX M E 23 2 wrE o] 713
AA R AT 218 99] 2 THEZE Mo vhd B3 A Fe] U E2H AY 2 F
LAE VERE Fojtt. o] Zatof oJ31A 71 2 A7) 4dkm A T EAAM 0.0005%F B2 H 2
To AAM Mg A 2F FX/ HEsA =&Y
5. (x| 2ZEo| gzt AY
51He o3t
ASE T FHE AA He LA(URH B ¢ bias noise)E HL3lY S w) o] A7 =&
A 2E EX vAe S AT A9 97 oF EXE BASlY O o3E Hrts
7] Y8t B2E W FIHEol £0.0019 A ol X8 Fu =EH 97 oF BE o Age
F2A & Exeo AE 17 109] JERAT. #&H ﬁif ZE3hgol -0.0019] 7ZA] HWe] ex=
2 EeHE dolle A DM A4 BF B € o eFo] 2&2HYT 281 HAH %
g exte 28 100149 2ol 50km HA DEM +6.85%F A7t /1A A, 23km HA 1T
AM +0.51%2 2 A7F 7Hd At B5€E HT F&0 +0.0019] A Hel exE H Ly S

Aol W nEo AAM A B2 gEch 3 e o] QFo] ©EHUY. nEln AT a2
50km A nEANA -6.51%% a7} 7b 2w, 23km A DTN -051%2 7} A

Lxt=
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