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and
Evaluation of Ozone Destruction using
Satellite-Match Technique

Manami OHYA

Abstract

(1) Analysis of Stratospheric Ozone Derived by Ground-Based FTIR at
Syowa Station

Atmospheric observation using ground-based Fourier-transform infrared spec-
troscopy (FTIR) became popular from 1990s. Now, there are 21 sites for FTIR
observation in the world in February 2011. In 2007, the 48th Japanese Antarctic
Research Expedition (JARE-48) team conducted observations of atmospheric minor
species including ozone by solar absorption FTIR measurements at Syowa Station
(69S, 39E), Antarctica. FTIR observation has advantages that it can measure several
minor species simultaneously, and it can derive vertical volume mixing ratio profiles
by inversion procedure.

In this study, we analyzed variation of stratospheric ozone above Syowa Station
in 2007 using FTIR observational data. For ozone retrieval, we used SFIT2 software
based on optimal estimation method (Rodgers, 1976) developed by NIWA, NCAR
and Univ. of Wollongong.

First, we compared retrieval results using both monthly averaged ozone sonde
profile and annual averaged one for a priori (initial ozone profile) to confirm if there

are a priori dependency or not. As a result, difference between both a priori was



within 10%.

FTIR observations were conducted on 78 days. We retrieved ozone VMR, profiles
using the following conditions: Sa (covariance matrix) was 10% of a priori with each
altitude, and S/N (signal-noise ratio) was 200 for observational spectrum. As a result,
ozone vertical profile showed good agreement with ozone sonde for 16 days average.
FTIR osone data showed ozone annual changes, especially significant ozone depletion
in 15-22km heights from mid-September to early November. For investigating the

ozone change only inside the polar vortex, we used the NoO-Og correlation.

(2) Evaluation of Ozone Destruction using Satellite-Match Technique

Polar stratospheric clouds (PSCs) appear inside polar vortex where temperature
becomes below NAT (nitric acid trihydrate) satulation temperature (T a7 ~ 196 K).
Heterogeneous reactions on PSC and denitrification by PSC cause large ozone destruc-
tion. PSCs can be classified into three major types. Type Ia PSC is a solid particle
called NAT (nitric acid trihydrate) and NAD (nitric acid dihydrate). Type Ib PSC
is a liquid particles called STS (supercooled ternary solution). Type II PSC is solid
water ice, which is formed below ice satulation temperature (Tj.. ~ 188 K).

Terao (2003) showed difference in average ozone destruction rate almost same av-
erage PSC sighting probability, in the Arctic in 1996 and 2000. However, the cause
remained unknown. In this study, we investigated the relationship between ozone
destruction rate and PSC types identified by FTIR and CALIPSO satellite. We cal-
culated backward/forward trajectories from each PSC sighnting altitude above Syowa
Station, Antarctica (69S, 39E), in 2007 winter and above Ny-Alesund, Norway (79N,
12E) in 2009/2010 winter. We picked up ozone mixing ratio data along trajectory
within 3 hours and within 150 km by satellite (Aura/MLS) match, and estimated
ozone destruction rate.

On August 28, 2007, NAD PSC appeared at 20.3 km and at 19.1 km, and STS
PSC at 16.0 km above Syowa Station. Ozone destruction rate for NAD PSC altitudes

were larger than STS PSC altitude, because at NAD altitudes, PSC stayed longer

i



than STS altitude. At NAD PSC layers, heterogeneous reaction have been progressed
before arriving at Syowa Station. In addition, both temporary and gradual denitrifica-
tion were occurred at NAD PSC altitudes, and this prevented the recovery of chlorine
reservoir.

In the 2007 Antarctic and 2009/10 Arctic, we used 532 nm total attenuated
backscatter from CALIPSO data as a measure of PSC surface area. In the Antarctic,
for 35 cases, STS PSC showed linear negative trend between PSC surface area and
ozone destruction rate. In the Arctic, for 39 cases, ozone destruction rates showed
larger values than the Antarctic on the whole. When we compared the average ozone
destruction rate for the same backscatter value for the Arctic, STS PSC showed the
largest value, but the variation in the data was large. Temporary ice PSC cases that
might be caused by mountain lee wave didn’t show large ozone destruction. In this
study, we could nt draw clear conclusion about relationship between PSC type and
ozone destruction rate, because of uncertainties including analyzing method and lim-
ited case example numbers. It might be required to further develop the analysis method
for estimating ozone destruction rate, and study on more cases to reduce statistical

uncertainties.

Key Words: ground-based FTIR, ozone destruction, stratosphere, PSCs, satellite

match, Antarctic, Arctic
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1.1 O00O00ogoooo

000000 20kmO0000000000000O00O0O0O0OOOOOOOOOOOO
gbobooboobooboboobood

Molina 0 Rowland 000 00000000000 D0O000OO (CFC; Chloro Fluoro
Carbon0 000000 CFCO0OD)0000U0OOOD ClOOD0OODOUOOUOUOOOO
0000000000 197400000000 (Molina and Rowland 1974)0 CFC O O
Oooobooooolsooooooobooooooooooooooooooboooooon
O000oo0ocrCoo0000oooooOo0o0oooooooooononn 190nm0O0
0000000000000000Cl00000000000 CF.Cl,kODOOO

000000 clooo Clo Clo (Clo, 0000D)b0o0oo0oo0ooooooooo

000 Os0000000000

CF 4 03 — CIO + O, (1.2)
ClIO + 0 — Cl + O, (1.3)
OO0 : O34+ 0 — 20, (14)

O00oooooo Clo, 0 HCIO CIONO, 00000000 ooo (Dooo)ooao
gooooooooo

Cl+ CHy — HCl + CH; (1.5)

ClO + NOy + M — CIONO, + M (1.6)



19800 000000000000 0DO00O00DO0b00O0D00 Farman OO OO0 O
00000000000 (Chubachi 1984; Farman et al. 1985)01980 D0 OO 0O OO
0000000000000 0DO00oOo0oo0oooooooooooooogo Clo
0000000000000 ooo (1.2)-(14)0Clo0000DDO0OO00DOO0OOOOO
0000000000000 Cloodoooooo40km 0000000000 O0OO
0000000000000000000 (1520km)0000000OCIO0O0OOO0O
D00ooocloD000o0Do0o0Do0o0Do0o0OoDOs 000000000

good
C10 + ClO + M — CIOOCI + M (1.7)
C10OCI + hv — CIOO0 + Cl (1.8)
ClIOO+M — Cl+ 02+ M (1.9)
(2x) Cl+ O3 — ClO + O, (1.10)

ClooClo cloinooogooooooooUoooodoooooooDooooooogo
goood

0000000000000 0000DOoooDooooo cdlogoogooooooon
goobooooboobbooobbbooodoboboboooobboooobLbooon

12 O0O0OO0OODOOOOO0

00000 (PSCs; Polar Stratospheric Clouds, 00 PSCO0O0O)00000000O
O0000 1525 kmOd00000000C0OPSCOOD0O0OOCDOOODOOOODOOOO
0 Solomon et al. (1986)0 Crutzen and Arnold (1986)0 Molina et al. (1987) 00 0 OO
doddoouodooooooouooooooooooouooooooooon
000000000000 oDO000oooDoooooooooooooDOg PSCOOO
0o

pSCOO0OO0000D0ODOO0ODODOOODOOO020000000000000000A0
0000000000000 (Solomon 1999) 0000000000000 O0O0O
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pPSCOOO0O0DOUOODODOOOUODD (200000000 DOOODOOOD)OOO
O0CIO, 000000000 HC1O CIONO. O Cl, 0 HOCIOOODOOOOOOOO
goboboooon

CIONO,(00) +HC(O O ) — Cly(0 0) + HNO3(0O D) (1.12)
CIONO,(00) +H,0(0 0) — HOCI(O O ) + HNO4(0 O ) (1.13)
HOCHOO) +HCW(O D) — Cly(00) +H,0(0 0) (1.14)

0000000000000 0CIONO, 000 HClOOODDDOODODoOooooooo
ggoooobobobbbobobotbodoooooooobbobobbbbobooUuUooo
O00000oO0Oooooog Cl,d HOCIDOOoooooo Clo, 0ogoog

Cly + hv — 201 (1.15)

HOCI + hv — Cl+ OH (1.16)

0oo00o0o0oooOooooo clo, 00000 (1.)-(111)DoooooooUoooo
gooboooobobooan

122 0O0O0OO

O00000000000000oPSCOOO00DODOO0ODODOO HNO3OO

ClO 4+ NO, + M — CIONO, + M (1.18)

Oooooooo Cclo, 0000ooooo (1.1)—(1.11) 000 Os0Dooooooooo
0000000000000 00000D00 HNOsOOHNOsOOOO PSCOOOOO
O00000 pPSCOODOOOOOODOODOOOOOODOOOODOODOOODn
ggoboooobobbobootbodddoooooouoooboobooobobbooooooooon
gogooobobobbobobotbddoooooooobobobobbbboo0oUoooogo
goobooooooood



gogoobobobobobbboobodoooooooobboobbbbodoooooooon
ggoooobobobobobbobodoooooobobbobbbbboboodoouoooo
ggooooboboobobbobobdooooouooboooboobooobboboooogouoan
Oo00o0oooo pPSCO0OO0O0O0DOOOODODOOODODODOOODODOOODODOOODODOOO
gooooooooo

13 ODOO0O00OOoon

pPSCOOO000O00OUOOODOOUOOUOOODDOO Type Ia (00O)0O Type Ib
(00)0Typell (0D0)0 300000000000000D0O0OO0OOOODODOOOO
00000 (Browell et al. 1990; Toon et al. 1990)0

1.31 Typela: OOOOO

Type a0 00000 (HNO3-H,OO 2000)000000000 PSCOOOO
TypelaPSCOODO0OO0O0O00O0O0OOOODDOOOOO (NAT; Nitric Acid Trihydrate,
OO0 NATOOO)DODOOOOO (NAD; Nitric Acid Dihydrate, 00 NADOOO) O
O000000000000000000000000 NATOOOODOOOOOooooo
0000000 (Hanson and Mauersberger 1988)0 00 0000000 HNOs O OO
0000000000000000000DO0000000 (Tyee) DODODODOOODOO
0 O O Hanson and Mauersberger (1988) 00000000055 hPa (D OO 19 km) O
0000H,00 5 ppmvOHNO3 O 10 ppbv 000000 ONATOO0O0O0 (Tyar) O
1963 KOOOODOOO (040 2000)0000 Tnar 000000 Type Ia PSCO
goood

O0O0Typela000O00O00O0D0OOO0OO 20000000000000000001
000000 HySO4-HNO3-H,O O 300000 (STS; Supercooled Ternary Solution,
00 STS)UO NADOUOOOUOOOOOUOOOOOUDODOOUOO0OUOOUOoooO NAT
000000000000 00D0000 STSOO0 NADOOOODOODODOoOOOOoOoOoOo
00 STSOO0D00O0O00O00O00O00D00DO0OO0DOo0ooooooDooDooDooogon
obooooooboobooo 1booboobboobooboboobooboboon

NATOOOOODODOOODODOOODOOO0OODOOD0OO0O NATOODOOOOOOOO Tree O
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132 Typelb: 300000

Type Ib 0 H2SO4-HNO3-H, OO 300000 (STS) 0000000 PSCOOOO

O0000000000000000200220KO00O0O0O HSO,OO0OOO 50-60
% 000000000000 (Steele and Hamill 1981) 00 0000000000000
0000000STSO0000000000000CCarslaw et al. (1995) 0000000
0000000 Tyar 00 3KOOOOOSTSOODODOODODOODOODOODOOOOSTS
000000000000 0000000000000000000000 H,SO4, 00O
HNO;ODOOO H,ODOODODOOoooo

0000000000000000000000 (SAT; Sulfuric Acid Tetrahydrate, O
0SATOOO0)00D0O0OO0O0OSATO 215 K00000000000000DO0O0OOOO
00000000000000000 (Zhang et al. 1993)0SAT 00T 000000
0000000000000000000 (Koop et al. 200000 000000000000
SATOOO0OD STSOODO0O0O0DO000000000000000 (Iraci et al. 1998)0

133 Type IL 00

Type 100000000 O0OO PSCOODOUOMarti and Mauersberger (1993) O O
000000055 hPa (000 19km)J0000H,O0 5ppmv 000000000
000 (Tree) 0 180.1 KOODOODOOD (0 40 2000)0Type IPSCOO0DO0DO
H,OOOOODODOoOOoODOOO Tee ODDDOD TypelIPSCOOODODODO

00000000 2000000000000000100 NATO SATOOOOOO
O0000O0o00oO (Peter et al. 1991; Fortin et al. 2003)DNAT O 00000000
000000000000 0000000SATO Tree 00 0.1-1.3 KOODOOOODO
O00000000DO00000000D0o0oOO 1gooooogo STSooooogon
oooboooooooooo Tree 0 23 KOODO0OOODODOOOODODODODODOODO
000000 (Chang et al. 1999)0

OoDooooOopSCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
O000000o00o0oU0oUoUoUoUoUoUooUoUoO (Lowe and MacKenzie
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pSCOOD0O0OO0DOODOOOODOOODOODOOOIROODODODOODOOoOoOn
bbb oooooboooobobooooooo
OO0DO00ooOoooooPSCO0OO0ODOO0OOODODOOOODOODN

000000000 oooOo pSCO0D0OO00OODOODODDOODOO Iwasaka and
Hayashi (1991) 00 0000000000000 DOCO PSCO0OO0OODOODOOOOO
O0O00OPSCOO0OO NATOO Iee0D 00000000 OOOODOOOOAdriani et al.
(1995) 000000 McMwdo OO O OOD0O0ODODOODODODODDODOOOODOOOO
O00000000000D00o0ooooooo PSCOOO0ODOOOO PSCO
O0000D000000000000D000o0oOo0oooD pPSCO0ODOOODODOOODO
1990 000000000000000000000000000 Saitoh et al. (2006) O
ADEOS-IIOOCO ILAS-IIODODO00D00O0DOOO0O0O PSCODODODODODOOPSC
OO00D0000000o00Doooooooooo pSCO00OO0ODOOODOODOOOOOn
0000000 Zasetsky (2007) 0 SCISATOUO O ACE-FTSOOOOO PSCOOOO
OD00000oOoooOo PSCOO0D0O0OO0O0DOODODOOODOOPItts et al. (2009,2010)
O CALIPSOOOOOO0OOOD CALIOPUOODOOOO0OODOOOOOOODOOOOO
00000 PSCOU00D0O0ODDOOD0OO0OODOOODDOODOOHoptner et al. (2009)
OO0OCALIPSOO MIPASOOOOOOOOOO PSCOOOO0O0OOOODOOOO 2007
0000000000000 00000000000000oDoUooooooO (FTIR;
Fourier Transform InfraRed spectrophotometer, 00 FTIROOD)O00OO0O0O PSCOO
000000000000 (00o0 2010)000000 PSCOODOUOOOOOOODOO
0000000000 (Richwine et al. 1995; Clapp et al. 199500)000 PSCOOO
goooododoood
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0000000 0oO000O0dDOo0o0ooooooooooooo opCcooooonO
OO000000C00O0CoO0 FTIRODOOOODOOODOOODOOODOOODODOO
O00000O0DO00O0000Db000o0O0DO0oDO00obOo0DODOFTIROOODOODO
ggoobobobooobbobododdoooooooooboooboboodoooooon
oo ooonooooonooooooo
ggoooobooboboobobbobododdoooooooobbobobboboo0oouuooo
000000000000000 (Rex et al. 1999; Schulz et al. 2000)0 Sasano et al.
(2000)0 Terao et al. (2002) 0000000000000 DO0OO0OODO0OODOOOOOO
ggoooobobooobbooboboddooooooooboooboboboooooouoagn
0000000000000 00 NOD O300D0DDDODDOOOO0O0OOO0OODOOO
000000000000 0000000D0D0 (Tilmes et al. 20060)000000 FTIR
goboboogoobobooobbooan
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00000 PSCOO0OODOOOUOODUOUUO0OODODOODOOODOUOOO (Rex et al
200400)000000000PSCOOODOOODO 199600 20000 000000000
0000000000000 000 Terao (2003) 000000000 OOODO Hoppel
et al. (2005) 0000000 2002000000000000000000 PSCOOOO
000000000000000000000D0 (2007 0000000O00O0OODOOO
O0000000ooooooopSCOOO0O0ODODOOOODODOODOOODOOOOOO
O00000C000DO0000DO000o0dDO0o0ooooOoDOobooooOo pSCOCOO
gogooobobobobobbobobtboddddoooooobobobbbbbo0oooUooo
OpPSCOO0ODOOOOOOOPSCOOO0DOOOODOOOODOOOODOODOODODOO
pSCOO00O0O0ODDDOOOOOOOOO0O0O0O0ODODOOOODDODDODOOOOODOOO
000000000000 PSCODOO0D0OOOOODODOOOODOODOODOOOD
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311 0OO00D0O0OD0OO0OO0ODOOO

00000000000 (FTIR; Fourier Transform InfraRed Spectrometerd O [
FTIRDDD)DD197ODDDDDDDDDDDDDDDDDDDDDDDDDDDDD
godoooooooooodooooooooobooooooooooooooooon
O0000000000DO0000000DO00bO0oD0o0DOOoOo1YooDoooDooo
oo oo oo booooon
O00000000OFTIROODOOODOOODODODOODODOOODODDOOOODOOOooDO
gogobboboooooboboooogoobooobb oo b0 oooo
O00000000000D0DO0 SNOODODODO0OoDOoDoDO0oO0FTIROOODOODO
0000000000 (D0030kmUI0) 000000000 OOOODOOOOOOOO
bbb uoooobb oo uoouobb oo
gooooooo

OO0 FTIROODODODODODOOOOOO0OO0O0O000000000000000000
00000000000 0OO00O00000000000000000000FTIROO0O
godoobooooooooooonoooooooboooooboooooobooooon
O000D00D0O0OD0O0OD0O0ODODODODODODODODODODODODO0OD0ODO000000O FTIRODODO
000d0doooo 2400 (2011D QDDD)DDDDWorkinggroupDDDDDDDD
(Network for the Detection of Atmospheric Composition Change - InfraRed Working
Group; NDACC-IRWG) DO OOUOOOODO 2007000000000000000O0O0
O000000000D00 FTIROOPSCOOODODOOODOODDODOODDODOODOO FTIR
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FTIROOODOODODODODOODODODODOODODOOODODODODDOODODOoDOOoOoDOoDO?20
0000 (100000 20000000000000000000O0DOO0OOO)0O0O0
OO0DO00O0o0o0OoDOo0oFTIROODOO0OOODO0ODOOOOODOODOOD
FTIROOODODODDOODDOODOODOOOD 20000000000000000
ooooboooobooboboooboobo20b00b0o0boboobooobooo
Ooo0oobOoooobOobOoobOoboOoboooboooobobooobo20b000b0O0D
0000000000 000o0 (boo0oU0oDoOU0o0b0)000DDO0OLDOO0O0ODOO

gooboooobobuoooobouoooooog

313 0O0O0OO0OODO

ggoboobobobobboobbotbodddoooooobbobbobobdo0oooooo
o000 40000000000 ,00000000000000DOO000OO0000O0A0
oo0o0 Ay/0A4A, 000000

2m(ct — 21y)
A

27 (ct — 2l9)
A

O0000A4,000000000c000t00O0ONOOO

A1 = AO sin (3 1)

A2 = AO sin (3 2)

O00D000000bO000O00O0bD 20000000000DO0O0ODODOOD IOO

I=|A; + Ay

= A2 (1 + cos w) (3.3)

0000000000 2(hb—1) 020000 1/A000v00000
I = A%(1 + cos 2mvz) (3.4)
gbhbbodobbooooobbbboooooobboboooooobobbogoaad

goobobodoobobooobbuooobbooobbuooob bbb boobobbo

O0O000o0bOoo«00bobodb z=20t0000000

I = A%(1 + cos 4mvut) (3.5)
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OOoboOdboo0o200000v000 2v0000D00O0OOODOODOOOODOODO
200000000 bU0o0o0b0o0o0bDbo0obODbbOoUobDbooobobooobobOg

goboboooooboooobobooon
ggooboboboboobbobobododdooooobobboobbobbobdooooooooo

00000000000000000 00000000000 (34)000

I(x) = /000 B(v)(1 + cos2nvz) dv (3.6)

ggooobobobobbbdoddoooooooobobbobbbbbbbooUUUUooo
ggoooboboboobobbobobboddooooooooboobooobboboooooooan
00000000000000000000000000000O0 B(v)yOoooooag
0000000000000 000O0000D0O0O000O00 (36)0D0D0O0DUO0OUOO
00000000 (3.6)0200000000000000000UOOOOUOODOO
OO00000z=0000000000000000D0OODOODOODOODOODO
o0booobooboboobobooboboobboobbozb0 OO 0ObbOOODbDOOOO
ggoobobobooobbobododdoooooooooooobboboodoooooon
gooooooobobbobooodogooooboobobbbobodooogooooo
gooboboooobbbooobbboooobbboooobbboooobboboo
0000000000 F2)DOODOOODODODOODOODDOODDOOOOO

F(z)= /_OO B.(v) cos2mvx dv (3.7)

B.(v) = /OO F(z)cos2mve dx (3.8)

oo

B.O B(v)/2(v>0)00000000 v00000 Be(—v) = B(v)00000 Be(v)
00000000000B, 00000000000 +v000000000000000
00000 (3.7)00 (3.8)000000000000000 F(z)0000000 B.(v)
00000000000000000000000000000000000

314 0O0O0O
0 3.7)0000000000000000000 000000 D0DDODOOOOOO
ggooobobbobobbbddddoooogubobobobbbbbobboboooUooo
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gobobobobbouooooobobobbdoooobobbbbooo 0000000000
ggooooboboboobbboboboodoooooobobbbbbbboboouooooo
gooboooon

00000000 XO00OU0ooooooooooooo 38)000

b
Bé(y):/ F(z) cos2nvx dx (3.9)
-X
0000000000 R(x»)0O0OODOOODODOOODO
1 <X
R(z) = (|2 < X) (3.10)
0 (|z| > X)

0 (39000000

= B.(v) * F[R(x)] (3.11)

O000F[|0000000000000D000«x00000000O000 (0DO0D0OO00O0)

ggoooooobobobbooboooooo

Az) * B(z) = /OO A()B(z — 1) dt (3.12)
000000 uoooogggogooooo

FlA(x) - B(z)] = F[A(x)] * F[B(z)] (3.13)

FlA(z) * B(2)] = F[A(x)] - FIB(2)] (3.14)

0 (3.11)000B.(v)0 R(zx)0000000000000000000 B, O F[R(z)]
000000000000 0000000000000000F[R(z)]00000000
0000D0000000000000F[R(z)]000000000000O

FIR@)]) = 22XV ) Xeine(2X) (3.15)

vz

ggd

sin wx

sinc x =
T

sinc0=1, sincn=0 (n0O0OD0) (3.16)

oo
/ sincx dx =1
— o0
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000000000000000000 sine(2Xy)00O0D0 000000000 DOODOO
O000000000002Xvy=100000v00000 AvODOODODODOOOO

1

goboboooboobooobbooogooo

~0.603

A
T Tx

(3.18)
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sinec0 0000000000 0ODO0DOO0ODOOODOOOOOO0OO0O0OOOOOOO
OO000O000O0O0OO00DO00DOO0DOOo0ODOO0ODO0ODOO0ODOOUODOODOOD
0000000000000 00000DO00DO00DO00DODOo0DODoO0oDOoooDOoOn
0000000000000 00O0d0Oo0o0oO0o0ooO0o0oDOooDoooDoooDooo
XO0oooooooooooooooooooooooo oboooooooooood
0000000000000 000O000O00Oo00oooooooooooooooon
Oooooooooooooooooooooboobobo oobobUobUobobOoo
godoooodoooioboobooboooooooooooooonoooooboon
0000000000000 00DO00DO00ooO0o0ooOooooooooooooooon
0000000000000 0000Norton-Beer 000 Happ-Genzel 00000000

00000000000 00000 S(x)oooo

Sz)=1- "2 (3.19)

ooooo
F[S(z)] = Xsinc*(Xv) (3.20)

00000000000 sine(Xy)00O0D0D00000 Xv=100000

Ay = — .21
v = (3.21)

goobooooboboooobobooan

0.886
Ay = —— 3.22
v =3 (3.22)
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ooboobooo0oboobbooobooboobDboobooob eobooboboob
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0000000000 bO0b0o0bO00DbO00D KBrOOoobOOOoOOoOoDbOobOOoOoo
00100500000000000000000000 (InSh)ODODOOODOOO 60O
0000000000000 000000 (HegCdTe) 0O O (MCT; Mercury Cadmium
TellurideD OO MCTOOD)000O00DOMCTOOOOOODODOOODODOOOODOOO
O00000000000000 500-2000ecm™ ' 0000WSh000000O0O0ODOO
00 (2000-10000 cm~ 1) 000000000000 000O0OOOOOOOOOOOO0 (77
K)0O0OU0OO00O0o00oo0oooooooooo00ooooo0ooO0oIFS-120M FTIRO OO
00000000000 FTIROODOO

316 OO0OOOO

000000000000000000000000000000000 (Electrochem-
ical Concentration Cell; ECCOUOODUOUDD)D0000O0O0O0OOOOODODOOOOOO
(Optical Particle Counter; OPC OO0 )0 D000 0O0O0O0DOOO (Micro Pulse Lidar;
MPL)ODOODOOOOO
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321 SFIT200000000000000
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ggooobobooobobbobododdoooooobobobooboobobbbobooooouooan
ggoooobobooobbtbododdoooooooooboobooobobbbooooooogn
ggoobobobobobbbobobododdoooooobobobbbbbbobodoouUooo
gogooboooobobobooddodoooooooboboboobobobbboboodoouuooaoon
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FTIROODODDODODODODOOOOOOODOOOOOSFIT200000SFKFIT200
00000000 (National Aeronautics and Space Administration; NASA) Langlay
Reserch Center 0 000000000000 0OO (National Institute of Water and
Atmosphere; NIWA) 0000000000000 0OOO0OUOO0OOOOOOUOOOOO
(Pougatchev et al. 1995; Rinsland et al. 1998)0 0000000000 0O O Optimal
Estimation Method(OEM 0O )00 O Rodgers O (Rodgers, 1990; Rodgers, 2000) 0 O O
gooood

Rodgers 00 0O00DOOOO0OOOOOOOOODODOOODDOOO

& =x,+ S, KT (S + KSK")  (yops — Kzy,) (3.23)

0000000000000 O00D0D0x, 000000 O0OO0DOO (apriori)DSaDa
priori0000000K O00O0DOO (weighting function)Oy.,, DO00000000S, O
O0000000Do00nooooOgosS,DaprioriD0000000D0OOO0DOODOOOO
oo yooooo
z000000000000000000 KOOOO y=Ke0OOOO0OOOS,000
ododoooodoooodooooooooonoooooooooooooooooo
000000000o0oooo (3.23)o0o0s, 0 S, 0000000000000000
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0O (323000 2,08,08,000000000000000000000000Oa
priori(0000000000)x,Oapriori0 00000 S,000000000 SNOOO
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O0O00D0D0aprioridO0 200700 00000000000O0O0DO0OOOOOOODO
o000 20000000000000DO0O0D0OODO0OODO0OOO0O0O0O0O0a priori
O000000ooooOOo SFIr20000000onD 200008, 0000000 a
priori0 10% 000000008, 0000000 SNOO0 2000000000000
ODOo00o00oobooDoo-30okmdDOO0OO0OOOODODOOODOOODODODO
O0030kmO0O0 CIRASGOOODODOOOOOOO0O0O00OODODOOOOOODO 47000
000 0.03kmO000 9B kmO0OODODOOOCDOOOOO
OOO0FTIROODOOOOOOOODOOODOOOOOOOODOOOOObOODOOD
0000 forward OO 00000000000 O0OO0O0O backward JOOOOOOO1
O0o000oO0ooOoOoOoOoOoOoOOOOOODOOO0OO0OO0O0Oforward 0000000000
0000000000000000000000000 (DOUDDO0ooOOoOoOoUoo oo
00)0000000000backward 0000000000000 00O0ODOODOOOO
O00000D0O00D0O0O0D0O00D0OD000 backward DOODOOODOOODOODOOO
ood
Oo000ooOo0ooooooooDbobobo0ooboeDbbUOODOOOO0OD 1002.578-1003.50
1003.9-1004.40 1004.578-1005.5 cm~ ! 0 300000 000000000000000O
000 NDACC-IRWGOOOOOODOODOODODOoooooooo
gbooobooobuodobbooboobbodobboobbodobboobood
0 0 HITRAN2008 (Rothman et al. 2009) D 00000000000
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0000000000000 00000000000D00000D0D0D0000 15km a0
0000000000000 apriori0 0000000000 OODOOO aprioriddn
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O0OOFTIROODODOODOODOODOO0ODO 150000000000000000
goooouoouoooooooooooooooogn QDDDD(a)DDDD a priori
00000000000 0000 apriori000000000OOOOOOOOOOOO
oo oo ooobouooooo
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000200 apriorid FTIRODOOOOOODOODODOOODOOODOODOOOO
0000000000000 00000000 apriori000000O0DOOODOOOODO
00000000 [(FTIR — Og sonde) — (a priori — Oz sonde)| 0000000000
O00 apriori00 00000 0.027 ppmvO0 000 apriori000O0000O0 0.17 ppmv
OD0000000 aprioriD0000000D0O0OO0O apriori0000000OO0O0O
00000 apriorid 00 100000000apriori0000000O0O00O0OOODOO0O
ggodooooooobbbooooooooogogoo

OO00200 apriori0D 00000000 ODOOOOODOODOOOODODODOOO
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0000000000000 O0DOO000 apriori0J000000O00OOOOOOODODOO a
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