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I. INTRODUCTION I nlt:1-ann ual varial i 011 ,1f CO: conc-:nt rat ion 
Stratospheric cooling was reported. il could be caused by increasing 
lhe carbon dioxide (CO2). which is a major greenhouse gas. While. 
the concentration of CO2 in the stratosphere is not well understood, 
nor are the exchange processes belween the upper troposphere and 
lower stratosphere (UT/LS : 250-I00hPa). The present study 
invesligated the intra-seasonal. seasonal and inter-annual variations 
of CO2 to understand the C0 2 concentration at UT/LS and the 
Stratosphere and Troposphere exchange process. 

2. ANALYSIS DATA 
We used lhe vertical profile data (Level 2) of CO2 derived from 
thermal infrared (TIR) region (Band 4: 5.5 - 14.3 µm) of the 
TANSO-FTS on board GOSAT. The analysis period is four years 
from I January 2010 to 31 December 2013. We adapted the bias 
con-cction values derived from Saitoh cl al. IAMT, 20161 which 
validated the TIR CO, profiles at UT/LS region with the 
Comprehensive Observation Network for TRacc gases by AlrLincr 
(CONTRAIL). For reference, the atmospheric transport model, 
NIES-TM (ver.5) ISaeki et al.. 20131 and the NICAM-TM !"Niwa et 
al., 201I:2017] were used. 

•(iOSAT TANSO·FTS : Grccnhous< gases Observing SATclliu:. Thermal And Near 
infrared Sensor for carbon Observation • Fourier Transform Spectrome!cr [Yokola et aJ., 
2009) 
*NICAM• TM: Nonhydrost.,tic lcos.."lhedrnl Atmospheric Model~ based Transport Model 

3. RESULTS 

Sta~onal \ nriatitln of co~ L~onccntratiun 

(a) 

"" 

~•~u., """~•I'- M -.iat 0.,~l'.li,r. 

I JfhOI col (pPl•\'I 11).HR,P.a 2{;(0,.:a,,m 

jlJll11" 

t-'igurt I. Tithe and l11ti1ude sce1ion ot'CO, eo,,(;('nUation a~-e~cd ovn four years wb1,u1ing the ~row1h 
rate from lW<J!ll)' ZOIO to Oecembcr 201) :iiit (a)IOO hPa, (b)I S-0 hPa, (c)2$0 hPa, 11Dd (d)SOO hPa 

GOS1\T l,\NSO-FI !> TlR ,s NIC/\ivl-fi\1 

(•1 

~---""'·-;;.;,;,~ : 
-~ :,I :. 

+•· ~ "" .. : 
~l, ~.,,I, ""'t'I' 

... ,,t I, • l. • .- • Kl .., • - .,.;)J.., • " "' ._ • 

370 375 380 385 390 
ppmv 

t'i;urt l. La.tin1.dc and ptcuw·c sec1ioz1 of C0 1 coocen1ta1iOJ'I .OT'Ml.~ o,er four ywi Jo.nWJy. April, June W)d 
Sq,tember (aJ GOSATand (b) t-.lCAM-'rM d,ua. Thedott.:d lines dlo•111nhc-potential temp('nlltun: 0i&O. JSO and 370 
K)~nd rhc thickmdd1Hhed li11~Jio...., upward itnd down..,..aid YlTtic.111 vclodly (~ I O Pals). TCiprt:liYcl)', 

,\.11(1 .0$1) O.OU \I~ 1.00 

Anomatyco.., '""""'I 
Fig.ort 3. Time .i,ld laticude seaiM of month.I)· ,~n &n.om.aly C'O? ooriccnttatfoo ob1ained by sub!fac:iing •he 
grow1ti rate at e3ch la1in.ide and 4-yeat •V'e1'agc at I SO hPa frcxn I Jf.nL.I.U)' 2010 to 31 Oecnnbe:r '?OJ:; The bl~ 
armws show La Nii'I~ periods 

.2,n11 (1,lJJ IJll .!JJO 
Aoomlo!'.'' CO. ll)Olllv I 

Flgu"'-4. Timt' and i,renure section of moncttJy me.an anomaly CO! oonc~mraaion Ill E::Q 1be puflllc lines show 1he 
f)Qleolial lempc:~111re (K), J<tO . .150 and :HOK. t1nd 1he black l,Olicl ,ind dash\!d lines. r~nl veni,cal wind (ml$) 
!Xltained fn::m EC\1WF ERA lm;erirn 

lmra-sea,onul ,anatwn co, .:on.:~nlrallon 

-· . -
~ ~1TJ ;~; ;.;;}:!;A~;_:;=~~ 

"' 
,., 

Flgurt .S. A l'tonzont:lll map or$ days mean COi COllC\.'fltration obtainod O)· .svb1r:te1log the gr°"th 111c a1 
c.ach IJiiluclc in (a)I JUI)'. (b)16 July. (,c)l August JM (d.116 Au.sus,1 2012 at 250 hP1. 81!\c:k IJT\')\\o'S indica.!e 
horiz.ootad ,,,,ind. the red line indicate: patl"nti.il 1cmpct111w-e !Kl ilnd the: purpl1! brlJl;ar, lin~ indialcs thr: 
9,eopoccn1ia:t ht.-igh1 Im I from ECMWf. ERA-Interim 

4. SUMMARY 

■ The seasonal variation of CO2 concentralion. showed that the maximum 
peak existed after a few month wilh respect to the peak at the middle 
lroposphere (Figure I). 

■ In the NICAM-TM results. the extension of high CO 2 concentralion at UT 
toward southern hemisphere were not clearly seen rather than the in 
'IANSO-rTS (figure 2). 

■ The inler-annual variation or CO2 conc.:nlration at UTILS was alfecled by 
the ENSO cycle: the higher (lower) concentralion were s.:en during La 
Nina (Normal I El Nino) period (Figures 3 and 4). 

■ The intra-seasonal variations over Asian Summer Monsoon region were 
associated with both the vertical and horizontal transportations due to the 
deep convection and the Asian monsoon anticyclonic circulation, 
respectively. 
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