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TM5	
  simula>ons	
  

•  CH4	
  4D-­‐VAR	
  2003-­‐2009	
  (3	
  overlapping	
  blocks)	
  
•  In-­‐situ	
  /	
  SCIAMACHY	
  measurements	
  

•  Purpose:	
  Es>ma>on	
  IAV	
  methane	
  sources	
  

•  Current	
  stage:	
  How	
  to	
  combine	
  in-­‐situ	
  &	
  
SCIAMACHY	
  data	
  (bias	
  correc>on	
  algorithm)	
  	
  



Emissions	
  

Transport	
  model	
  

TM5	
  4D-­‐VAR	
  data	
  	
  
assimila>on	
  

Model	
  	
  measurements	
  

Adjoint	
  Transport	
  model	
  

Op>miza>on	
  
	
  	
  	
  algorithm	
  



Dlugokenky	
  et	
  al.,	
  2009	
  (NOAA	
  flask	
  network):	
  	
  

Northern	
  wetlands	
  
(2007:	
  Record	
  low	
  Arc>c	
  sea	
  
ice	
  cover)	
  	
  	
  	
  

Tropical	
  emissions?	
  

Ingredient	
  1:	
  



Ingredient	
  2:	
  	
  

8	
  years	
  of	
  SCIAMACHY	
  data	
  (2003-­‐2009)	
  
Frankenberg	
  et	
  al.	
  (in	
  prepara>on):	
  	
  

Alterna>ve	
  view:	
  

-­‐ 	
  Monotonic	
  Anthropogenic	
  
Increase	
  

-­‐ 	
  Nega>ve	
  tropical	
  anomaly	
  	
  
	
  	
  in	
  2006	
  	
  	
  

Courtesy	
  C.	
  Frankenberg	
  

Good	
  coverage	
  in	
  the	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Tropics!	
  	
  



Results:	
  Tropics	
  v.	
  Extra	
  tropics	
  

-­‐-­‐-­‐-­‐-­‐-­‐	
  Posterior	
  flux	
  -­‐-­‐-­‐-­‐-­‐-­‐	
  Prior	
  flux	
  

• 	
  Jumps	
  between	
  inversion	
  blocks	
  
• 	
  Trading	
  off	
  tropics	
  v.	
  extratropics	
  	
  



Bias	
  correc>on	
  

•  Solve	
  for:	
  	
  BIASblock	
  =	
  A.CH4	
  +	
  B.(AMF	
  –	
  2)	
  

•  Peter:	
  BIASmonth	
  =	
  A	
  +	
  B.Lat	
  +	
  C.Lat2	
  



Op>mized	
  bias	
  correc>on	
  

 

     

     

 
 

 
 

 

 
 

 
 

 

   11.8    13.9    16.0    18.1    20.2    22.3    24.4    26.5    28.6    30.7    32.7    34.8    36.9    39.0 ppb

 

     

     

 
 

 
 

 

 
 

 
 

 

   11.7    13.8    15.8    17.9    20.0    22.0    24.1    26.2    28.2    30.3    32.4    34.4    36.5    38.6 ppb

Jan.	
  2005	
   Jul.	
  2005	
  

• 	
  BIAS	
  formula>on:	
  seasonal	
  &	
  la>tudinal	
  correc>ons	
  are	
  linked	
  
• 	
  Hypothesis:	
  La>tudinal	
  correc>on	
  is	
  in	
  response	
  to	
  a	
  seasonal	
  problem	
  	
  



Comparison	
  to	
  FTS	
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Park	
  Falls,	
  45N	
   Lauder,	
  45S	
  

Obs.	
   NOAA	
  +	
  Sciamachy	
  NOAA-­‐only	
  

• 	
  NH:	
  RMS	
  measurements	
  point	
  to	
  a	
  larger	
  seasonal	
  amplitude	
  of	
  XCH4	
  
• 	
  What	
  explains	
  the	
  difference	
  between	
  NH	
  &	
  SH?	
  	
  



What	
  determines	
  the	
  XCH4	
  
seasonality?	
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What	
  explains	
  the	
  seasonal	
  cycle	
  in	
  
the	
  lower	
  stratosphere?	
  

Eq.	
  

Low	
  CH4	
   Low	
  CH4	
  

High	
  CH4	
   High	
  CH4	
  

45N	
  

150	
  hPa	
  

January	
  



What	
  explains	
  the	
  seasonal	
  cycle	
  in	
  
the	
  lower	
  stratosphere?	
  

Eq.	
  

Low	
  CH4	
   Low	
  CH4	
  

High	
  CH4	
   High	
  CH4	
  

45N	
  

150	
  hPa	
  

July	
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LEF:	
  Aircrak	
  measurements	
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Obs.	
   NOAA	
  +	
  Sciamachy	
  NOAA-­‐only	
  

850	
  -­‐750	
  hPa	
   750	
  -­‐	
  650	
  hPa	
  

• 	
  These	
  comparisons	
  suggest	
  that	
  the	
  inversion	
  fixes	
  the	
  total	
  column	
  by	
  adjus>ng	
  the	
  	
  
	
  	
  wrong	
  parameters	
  



How	
  to	
  further	
  inves>gate	
  this?	
  

•  FTS	
  observed	
  HF	
  (separate	
  stratosphere	
  from	
  
troposphere)	
  

•  Transcom-­‐CH4	
  model	
  comparison	
  



Transcom	
  CH4:	
  N-­‐S	
  gradient	
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N-­‐S	
  gradient:	
  SF6	
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Seasonal	
  cycle	
  at	
  LEF	
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• 	
  The	
  varia>on	
  in	
  seasonality	
  is	
  quite	
  drama>c!	
  Which	
  puts	
  the	
  discussion	
  about	
  a	
  
Poten>al	
  transport	
  problem	
  in	
  TM5	
  in	
  a	
  different	
  perspec>ve	
  …	
  	
  



Summary	
  

•  Mismatch	
  seasonal	
  amplitude:	
  RMS	
  -­‐	
  in-­‐situ	
  
+>	
  closer	
  look	
  at	
  the	
  lower	
  stratosphere	
  

•  N-­‐S	
  gradient:	
  Overes>mated	
  in	
  TM5,	
  poin>ng	
  
to	
  a	
  transport	
  problem	
  	
  	
  


