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The regions with larger index co-locate with 
the regions with active convection and 

larger fossil fuel emission 

Annual	  mean	  AIRS	  Xco2	  &	  mixing	  
index=0.6	  

Annual	  mean	  “AIRS”	  index	   Annual	  mean	  AIRS	  Xco2	  and	  I=0.6	  (contour)	  

AIRS	  Xco2	  closely	  connects	  to	  local	  surface	  CO2	  in	  the	  regions	  with	  larger	  index.	  	  



The difference between AIRS Xco2 and 
surface CO2 in convective region is small 

American	  Samoa	  (170.56W,	  14.25S)	  

Surface	  CO2:	  Daily;	  21-‐day	  running	  mean	  
AIRS	  Xco2:	  	  	  	  	  Daily;	  21-‐day	  running	  mean	  

Surface	  CO2-‐AIRS	  Xco2	  

The	  nega%ve	  difference	  may	  be	  due	  to	  the	  ocean	  uptake	  of	  CO2	  in	  the	  region	  or	  the	  
transport	  of	  higher	  CO2	  from	  the	  upper	  troposphere	  	  



The	  regions	  where	  surface	  Xco2	  closely	  connects	  to	  
local	  surface	  move	  with	  the	  movement	  of	  

convec/ve	  ac/vity  

Jan&Feb	  

MAM	   OND	  

JJA	  

Average	  AIRS	  Xco2(shaded,	  unit:	  ppm);	  index=0.6	  (contour)	  



Strong vertical mixing (larger index) makes 
(AIRS Xco2-surface CO2) small 

Barrow,	  
(156.6ºW,	  71.32ºN	  )	  

Candle	  Lake	  
(104.65ºW,	  53.87ºN	  )	  

Fraserdale,	  	  
(81.57ºW,	  49.88ºN)	  	  

21-‐day	  running	  mean:	  surface	  CO2;	  AIRS	  Xco2;	  mixing	  index	  



Discussions 

• “AIRS”	  index	  accounts	  for	  convec%ve	  ac%vity	  and	  
the	  ver%cal	  sensi%vity	  of	  AIRS	  Xco2.	  	  

• The	  difference	  between	  AIRS	  Xco2	  local	  surface	  
CO2	  is	  small	  where	  the	  “AIRS”	  index	  is	  big.	  

• The	  “AIRS”	  index	  could	  select	  the	  AIRS	  Xco2	  
observa%ons	  closely	  connected	  to	  local	  source.	  	  	  

=>	  Use	  the	  “AIRS”	  index	  to	  select	  the	  AIRS	  Xco2	  
observa%ons	  in	  the	  inversion	  studies	  to	  avoid	  the	  
transport	  error	  from	  longer	  transport.	  	  



OSSEs	  surface	  flux	  es/ma/on	  with	  simulated	  
GOSAT	  and	  AIRS	  Xco2	  and	  surface	  CO2	  

network	  
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Experimental design 

CF:	  CO2	  flux	  
• 	  CO2	  is	  updated	  by	  winds;	  	  
• 	  Dynamical	  variables	  are	  updated	  separately	  from	  CO2;	  
• 	  No	  CF	  observa%ons;	  CO2	  is	  used	  to	  update	  CO2	  and	  CF.	  	  





Experiments 

• Exp1:	  GOSAT+surface+AIRS	  

• EXP2:	  GOSAT+surface	  



AIRS Xco2 improves the accuracy of  
surface flux estimation  

Over land

GOSAT+surface	  	  
GOSAT+surface+AIRS	  

RMSE	  of	  surface	  CO2	  flux	  over	  land	  





AIRS Xco2 further improves surface flux 
pattern 

AIRS Xco2 further improves surface flux 
pattern 

Truth	   GOSAT+surface	   GOSAT+surface+AIRS	  

June	  

Dec	  



AIRS XcoAIRS Xco2 2 have strong impact over the SH 
ocean and tropical land area  
have strong impact over the SH 

ocean and tropical land area  
All	  obs-‐(GOSAT+surface)	  



Conclusions and next step 
• The	  LETKF	  data	  assimila%on	  system	  is	  able	  to	  recover	  
surface	  fluxes	  of	  carbon	  and	  their	  %me	  evolu%on	  beqer	  
when	  simulated	  AIRS	  Xco2	  is	  added	  to	  simulated	  GOSAT/
OCO	  and	  surface	  observa%ons.	  	  

• The	  improvements	  are	  especially	  significant	  in	  the	  tropics	  
and	  the	  SH.	  

• These	  results	  do	  not	  depend	  on	  the	  use	  of	  a	  priori	  
informa%on	  of	  the	  surface	  fluxes.	  

• 	  Several	  improvements	  on	  the	  methodology	  of	  the	  LETKF	  
were	  necessary	  in	  order	  to	  reach	  these	  results.	  They	  
include,	  for	  example,	  the	  explicit	  assump%on	  that	  the	  short-‐
%me	  changes	  in	  total	  column	  CO2	  measurements	  by	  GOSAT	  
are	  due	  to	  changes	  in	  the	  surface	  fluxes.	  	  

⇒ Es%mate	  surface	  CO2	  flux	  with	  real	  observa%ons.	  	  






