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Discovery of Antarctic ozone hole in 1982 

• Simultaneously at Two Stations: Japanese 
Syowa Station and British Halley Bay Station 

– First report at poster presentation at Quadrennial 
Ozone Symposium (QOS) at Thessaloniki in 1984 
by Chubachi et al.  

– First paper by Chubachi (1984) at Mem. NatI. Inst. 
Polar Res. 

– Famous Nature paper by Farman et al. (1985)  

• Japan started a satellite project ADEOS (1996) 
and ADEOS-II (2003) to monitor ozone layer 
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Japanese ILAS/ILAS-II Project 
Observation Geometry 
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Solar/Stellar Occultation 
太陽・恒星掩蔽法 

Limb Sounding 
周縁放射観測法 

Nadir Sounding 
鉛直下方観測法 

散乱観測法
Scattering 

. 

. 

. 

. . 

. 

. 



GRUAN Visit to NIES  2012.3.8 (Thu) 

Solar-Occultation Method 
Derivation of Vertical Profiles of Gases 
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Time Chart Of Satellite Sensors 
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First satellite match observation using ILAS data 
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The 14
th

 ILAS Science Team Meeting  

in Nara Women’s University (1999.3.29) 
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Estimation of ozone loss  

from ILAS-II data 
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Two JGR Special Sections 

27 December 2002 Issue； 

15 papers 

16 June 2006 Issue; 

14 papers 
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  Observations at Syowa Station, Antarctica (69.0ºS, 39.6ºE) 

High-res. FTIR Obs. 

Stratospheric minor species (O3, 

HNO3, HCl, ClONO2 etc) observation 

Low-res. FTIR Obs. MPL Obs. 

OPC Obs. 

PSC heights, types, size distribution etc. 

First trial to study both PSC characteristics/types and ozone-related minor 

constituents throughout the winter over the Antarctica 

ECC Ozonesonde 

The 48th Japanese Antarctic 

Research Expedition (JARE48)  

2006.12  2008.3 (During IPY2007) 
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・Located relatively at low latitude within the Antarctic continent 

 Enables us to use sun-light from end of July (can cover whole ozone-hole period)                
 ※At Arrival Heights (77.8ºS, 166.6ºE), sun comes back after September 

・Located mainly within polar vortex, sometimes outside 

・Other observations (daily rawinsondes, weekly ozonesondes, Dobson, Brewer, Lidar, Radar 
measurements) are performed at the same site. 

 One of the ideal atmospheric observational station in the Antarctica. 

FTIR Observation days in 2007 
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  Advantage of the Observation at Syowa Station 

No polar vortex 

Inside 

Outside 
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  Setup of IFS-120M at Syowa Station 

Bruker IFS120M FTIR 

Installed at Syowa Station 

 

DU Sun Tracker 
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• Location: Syowa Station （69°00′S, 39°35′E, 18m a.s.l） 
• Instrument: Bruker 120M 
• OPD: 250cm 
• Resolution: 0.0035cm-1 

• Spectral range:  500-1380        1700-2200     2000-2600 
                                               2400-3200       2800-3700     3900-4400 (cm-1) 
• Single time scan: 140s  
• Detector: MCT, InSb 
• Number of scan: 4 scans（16scan） 
• Solar zenith angle Min–Max: 46°-89° 

87 Days Data Acquired in 
2007 

  Measurement Parameters by IFS-120M 

Measurement parameters 

 C:\FTIRdata\S240R1M.0          Syowa Solar Obs. with NDSC Filter #1          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R1M.1          Syowa Solar Obs. with NDSC Filter #1          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R2M.0          Syowa Solar Obs. with NDSC Filter #2          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R2M.1          Syowa Solar Obs. with NDSC Filter #2          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R3M.0          Syowa Solar Obs. with NDSC Filter #3          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R3M.1          Syowa Solar Obs. with NDSC Filter #3          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R4M.0          Syowa Solar Obs. with NDSC Filter #4          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R4M.1          Syowa Solar Obs. with NDSC Filter #4          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R5M.0          Syowa Solar Obs. with NDSC Filter #5          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R5M.1          Syowa Solar Obs. with NDSC Filter #5          Mid Res(0.0035), FWD/BWD
 C:\FTIRdata\S240R6L.0          Syowa Solar Obs. with NDSC Filter #6          Low Res(0.0070), FWD
 C:\FTIRdata\S240R6M.0          Syowa Solar Obs. with NDSC Filter #6          Mid Res(0.0035), FWD/BWD SGN=1
 C:\FTIRdata\S240R6M.1          Syowa Solar Obs. with NDSC Filter #6          Mid Res(0.0035), FWD/BWD SGN=1

2007/08/28
2007/08/28
2007/08/28
2007/08/28
2007/08/28
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2007/08/28
2007/08/28
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2007/08/28
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First spectra taken on 25 March 2007 
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※■Ozonesonde Match campaign 

2007

M&A 

May Jun Jul Aug Sep Oct Nov Dec 2008

Jan 

Total 

FTIR（120M） 9 9 0 2 9 12 9 17 11 10 87 

FTIR（Eq55） 0 0 1 12 11 16 10 9 3 0 62 

Ozonesonde 2 2 3 5 11 12 10 6 6 0 57 

OPC sonde 1 0 0 1 1 0 1 0 0 1 5 

120M + sonde 0 2 0 0 2 4 4 5 1 1 18 

120M + Eq55 0 0 0 2 9 11 9 9 3 0 43 

  Observation Summary at Syowa Station in 2007 
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 Analysis of Retrieved Parameters by FTIR 
Observed IR Spectra by FTIR 

SFIT2 

Retrived Profiles / Columns 

Comparison with satellite measurements 

Evaluation of error and vertical resolution 

Comparison among retrieved profiles using 

different a priori profiles 

       Analysis of profile data 

Comparison with ECC 

ozonesondes 

Analysis of column data 

O3 HNO3 N2O HCl HF ClONO2 
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 Time Variation of ClO/O3 Vertical Profiles over S/S 

ClO VMR profile (MLS) 

ClO activation from early Sep. 

ClO  +  ClO  +  M             ClOOCl  +  M 

ClOOCl   + hν          ClOO  +  Cl 
ClOO ＋ M         Cl  +  O2 

(2 ×)Cl  +  O3              ClO  +  O2 

 

2O3                3O2 
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Contents of Today’s Talk 

1) ILAS/ADEOS; ILAS-II/ADEOS-II Project 

2) FTIR/Ozonesonde Observation at Syowa 
Station, Antarctica in 2007 

3) Unprecedented Arctic Ozone Loss in 2011 

20 



GRUAN Visit to NIES  2012.3.8 (Thu) 

21 

Salekhard Station in Russia 

Salekhard (66.5N, 66.7E),  

West Siberia, Russia 

Moscow ~1900 km 
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Ozonesonde Observation in Salekhard Station 

Ozonesonde observations at Salekhard: 2010/1/26, 30(2), 2/6, 7, 16, 19 (7) 
                                                                       2011/2/25, 3/15, 4/13, 4/19 (4) 

Campaigns: 2002/03(32), 2005(19), 2009/10(7), 2010/11(4), 2011/12(3) 
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Trajectory （Sunlit/Dark） 

★ Ny-Ålesund 

★ Salekhard Ozonesonde station 

Strategy of Ozonesonde Match Analysis 

★ 
★ 

Match pairs from Ny-Ålesund to Salekhard： 

＜2000＞:  1/15, 1/16, 1/21, 1/22, 1/23, 1/25, 1/26, 

1/29, 2/4, 2/5   （10 days） 

＜2005＞:  1/5, 1/25, 1/30, 2/15, 2/23, 2/25, 2/27, 

3/1, 3/5, 3/7, 3/8, 3/15, 3/16   （13 days） 
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slope: chemical 

ozone loss rate 
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Change in Ozonesonde Stations 20002010 
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Average ozone inside vortex @ eQ=465K  

Minimum reached during 
1985 Antarctic ozone hole 

2011 

2000 

2005 

1999 

Antarctic 
2003 

[EGU Presentation, Rex et al., 2011.4] 
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Ozone Loss Profiles by 
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[EGU Presentation,  
Rex et al., 2011.4] 
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Nature article on 2011.10.2 

Submitted on 3 May, 2011 

1st Revised on 18 July, 2011 

2nd Revised on 22 August, 2011 

3rd Revised on 1 Septemver, 2011 

Accepted on 7 September, 2011 

Published 2 October, 2011 (electronic), 27 October, 2011 (print) 
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International Research Group 
(9 Countries, 19 Organaizations) 

28 

•U.S.A.： Jet Propulsion Laboratory,  New Mexico Institute of Mining and Technology,  
NASA Langley Research Center,  Science Systems and Applications,  Science and 
Technology Corporation,  NOAA Earth System Research Laboratory 
•Germany： Alfred Wegener Institute 
•Netherland： Royal Netherlands Meteorological Institute,  Delft University of 
Technology, Eindhoven University of Technology 
•Canada： Environment Canada,  University of Toronto 
•Russia： Central Aerological Observatory,  Arctic and Antarctic Research Institute 
•Finland： Finnish Meteorological Institute 
•Denmark： Danish Meteorological Institute 
•Japan： National Institute for Environmental Studies 
•Spain： National Institute for Aerospace Technology 
 
 

•Contributed for Aura/MLS, CALIPSO, Aura/OMI Analysis 
•Contributed for Ozonesonde Match Analysis 
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Dr. Gloria L. Manney, NASA/JPL 
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John Remedios 
Leicester Univ. 

Gloria L. Manney 
NASA/JPL 

Mischell L. Santee 
NASA/JPL 

2005.5 at SPARC PSC meeting in WV, U.S.A. 
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Dr. Markus Rex, AWI/Potsdam 
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2009.3 at Potsdam 
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Articles on Japanese Press 

毎日小学生新聞2011.10.24 

Journal “Newton”  December 2011 
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Stratospheric Meteorological Condition 
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Antarctic dates 

Arctic dates 

Area Ratio 
(T<Possible 
PSC / Polar 
Vortex) 

Annual 
variation of 
winter mean 
(b) ratios 

Index for the 
strength of 
polar vortex 

↑Large:=Cold 
Dark gray: 
Antartic 

Thin gray: 
Arctic 

Colors of 
lines 
correspond 
to the color 
in panel (c) 

Red: 2011 

[Manney et al., 
Nature, 2011] 
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Variation of minor species by Aura/MLS 
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[Manney et al., Nature, 2011] 
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Quantification of Chemical Ozone Loss 
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465 K 

465 K (18～20 km) 

Antarctic ozone hole range since 1985 

[Manney et al., Nature, 2011] 

2000 
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Total Ozone Amount by OMI 
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[Figures produced in NIES using NASA’s OMI data] 
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Temporal Variation of Column Ozone 
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Dark gray: Antarctic area in 1979-2010 

Thin gray: Arctic area in 1979-2010 

2011 

2005 

1997 

2000 

[Manney et al., Nature, 2011] 
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Total Ozone Map 
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Total Ozone 

Ozone Deficit 

Arctic 2011 Antarctic 2010 

150/400 DU = -40% loss -40～-60% loss [Manney et al., Nature, 2011] 

T<196K 

Vortex Edge 
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Effect of Arctic Ozone Hole to Asia 

38 [Figures produced in NIES using NASA’s OMI data] 
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Effect of Arctic Ozone Hole to Asia 

39 [Figures produced in NIES using NASA’s OMI data] 
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SUMMARY 

• The Arctic ozone loss in 2011 was the largest in history.  
For the first time, Arctic ozone loss expanded to the 
similar degree to that of Antarctic ozone loss. 

• The direct cause of the ozone loss is attributed to the 
long-lasting low temperatures, and the strongest polar 
vortex in the Arctic stratosphere. 

• We cannot deny the possibility of future severe Arctic 
ozone loss matched or exceeded to this spring. 

• We need to monitor the Arctic ozone hole in addition to 
the Antarctic ones until the stratospheric chlorine 
amount will decrease for a few tens more years.  Also, we 
need to improve the accuracy of future ozone projection 
models. 
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