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SOWER since 1998 (ongoing!) 
(Soundings of Ozone and Water in the Equatorial Region)  

• Proposed by Fumio Hasebe and Masato Shiotani  
• Started in March 1998 at the Galapagos Is. by F. Hasebe & M. Shiotani,  in 

collaboration with S. Oltmans & H. Voemel  
• Many researchers and students participated  

 
• Balloon-borne campaigns for O3/H2O in Tropo/Strato over tropical Pacific 

(western Pacific-SE Asia in recent yrs) 
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Accomplishments 

R/V Shoyomaru  
1999  

R/V Hakuho 2012  

R/V Mirai  
2004-5  
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(Takashima et al., JGR, 2008) 

(Fujiwara et al., JGR, 2010) 

FPH CFH 

Seasonal variation of ozone over Christmas Is. 

Time series of water vapor over  
the equatorial region (68 – 37 hPa) 
 

• Recent focus: Dehydration processes in the TTL, Match campaigns 



 Water Vapor “Match” in the TTL  
- In situ measurements of Lagrangian H2O changes -  

Inai et al., ACP, 2013  



Site Dec.2004 Jan.2006 Jan.2007 Jan.2008 Jan.2009 

Bandung 4 (CFH) - - - - 

Biak 3 (SW)  12 (SW), 9 (CFH) 6 (CFH)  7 (CFH)  4 (CFH)  

Hanoi 8 (SW)  15 (SW)  6 (CFH)  5 (CFH)  4 (CFH)  

Kototabang - 10 (SW)  5 (CFH)  4 (CFH)  - 

R/V Mirai 15 (SW)  - - - - 

Tarawa 10 (SW)  11 (SW) , 2 (CFH)  5 (CFH)  - - 

Multipoint Ozonesonde – Water-vapor-sonde Soundings in the Western Pacific  

CFH: Cryogenic Frostpoint Hygrometer  (61)  SW: Snow White peltier-cooler dew/frostpoint hygrometer (84)  

Kototabang  

R/V Mirai  

Biak  

Tarawa  

[Inai et al., ACP, 2013]  

Multipoint coordinated sounding campaigns  
in the tropical western Pacific to measure  
the same air parcel twice or more  
(i.e., “match”) to quantify the Lagrangian  
H2O changes in air parcels in the TTL  



Trajectory Calculations   

Cluster of isentropic trajectories (both forward and backward)  
  to seek sonde-to-sonde “match” cases during the SOWER campaigns  
      Air parcel: Circular area of 1o radius, with 0.1ox0.1o air segments, centered at balloon sites 
                         0.2/1.0 K at 350-360/360-400 K potential temperature levels   
      Meteorological data: opECMWF (1ox1o, L60 or L91, 6 hourly  interpolated 1 hourly)   
 
~900 preliminary “match” (connected by both forward and backward trajectories)  
After intensive screening procedures  107 match cases were found.  

[Inai et al., ACP, 2013]  

<Cloud activity and trajectory>  

[Inai et al., ACP, 2013]  

Mirai Launch Time:  
1/1/2005 5:15UT  

Tarawa Launch Time:  
27/12/2004 08:01UT  1° 

★: balloon site 



Statistical Features  
of Dehydration   

Figure: Scatter plot of water vapor mixing ratio for 
the match pairs (1st sounding versus 2nd sounding) 
after applying all the screening processes.  
(107 matches, 25 different sounding pairs)  

dehydrated 

 Significant dehydration occurs below 
365 K  

 H2O broadly unchanged above 365 K 
(for 5-day trajectories; dehydration 
around CPT may take much longer 
time)  

 

 

• First direct evidence of TTL 
dehydration in horizontal advection  

• Lack of dehydrated cases around CPT  
 Reduce the uncertainty of H2O 

measurements  

 Simultaneous cloud-particle measurements  

 More sites in the central Pacific   

[Inai et al., ACP, 2013]  

 Detailed case studies show:  

 H2O conserved case at 371.0 K, temporally 
supersaturated (<124%) during advection  

 Dehydration case at 356.4 K, upper limit of RHice 
was 157% during advection   

 Dehydration case at 350.4 K, upper limit of RHice 
was 249% during advection  

 Hydration case at 378-383 K, probably due to 
convective penetration  



2014 
- Station: Biak   
- 10 sets of CFH + ECC (Meisei)   
         and some additional sondes  
       period: Mid-Jan. – End of Feb. 

SOWER 

- Station: Koror  
- 4 sets of CFH + ECC (Meisei) 
- Mie Lidar will be active 
   period:   2 weeks  
              during 20 Jan. – 12 Feb. 

JAMSTEC 

Guam 

Biak 

Koror 

(Soundings of Ozone and Water in the 
Equatorial Region) since 1998 
Ongoing project 

Payload (H2O, O3) 

launched by balloon 

Yoichi Inai 
Team SOWER  

Kyoto University 

We will provide our sounding data 



SOWER 2014 

 

7 days forward trajectories 



Summary of the Talk  

1. Introduction  

2. Water Vapor “Match” in the TTL  

– In situ measurements of Lagrangian H2O changes  

3. 2014 Plans: Collaboration ATTREX  

– Collocated measurement  

– ATTREX - SOWER match 
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Renewing  
SOWER web page  
to open  
our dataset 
 

SOWER web page 
http://sower.ees.hokudai.ac.jp/ 



Different date, different features. 









Different year, different features. 







 



 



 


