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Combo model – how is it different from GEOS-Chem: 
  tropospheric + stratospheric chemical mechanism 
  GEOS-4 meteorological fields for 2004-2007 (no 2007 for G-C) 
  Lightning NOx – uses convective mass flux, regional scaling to 

OTD/LIS spatial patterns, new vertical distribution (Allen and 
Pickering),  

  5 Tg LNOx 

GEOS-Chem (v8-01-01): 
  Lightning NOx – uses cloud top height, local scaling to OTD/

LIS (Lee Murray), old vertical distribution - has more LNOx at 
lower altitudes 

  6 Tg LNOx 

Similarities: 
  Emissions (EDGAR + regional, GFED2, MEGAN) 

The Global Modeling Initiative (GMI) ‘Combo’ Model 
and GEOS-Chem 



Outline 

  Use TES CO to evaluate model performance in lower 
troposphere to gain insight into reasons for discrepancies 
with MLS in the upper troposphere  

  Can the model match the interannual variability in tropical 
CO and ozone, and if not, why not? 

  The focus here is on areas of disagreement – this is where 
we learn about model shortcomings 



CO in the tropics at ~700 hPa, July-Nov. 2005 
SH biomass burning season. 

TES                 GMI model              model-TES 

Too much export in 
easterlies in lower 
trop., convection N. of 
equator – similar 
problems with MOPITT 
comparisons (Junhua 
Liu, GEOS-Chem 
analysis) 

Fire emissions too 
low over Africa  
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CO in the tropics at ~150 hPa, July-Nov. 2005 

MLS                     model              model-MLS 

Model maximum 
from convection is 
~one month late, 
implying problems 
with convection in 
October.  

Model is biased low 
everywhere, except 
where is it too high in 
equatorial band – 
same problem in LT 

Observed max. over 
India is missing in 
model. Jul 
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CO over South America in LT (TES) and UT (MLS) 

Good match with TES 
in LT in 2005-2006, 
GFED too high in 2007 

Model w/AK suggests 
lower CO in Aug. and 
Sept. 2005 – caused by 
lack of sensitivity. GFED CO emissions 

Bench warm-up 

Model lower than MLS 
in UT, peaks one month 
late in 2005 and 2006. 
Suggests a problem 
with timing of 
convection, since LT 
looks OK. 

2005           2006            2007 

TES or MLS 
Model w. AK 
Model w/out AK 

146 hPa 

Similar analysis for other 
regions, not shown. 

681 hPa 



Ozone in the tropics, 500 hPa, July-November, 2005 

TES Model - TES GMI model 

The worst model 
agreement is in the 
S. Atlantic in Sept.-
Nov.;  sonde data 
shows the same.   

The problem is 
confined to 
Atlantic sector, 
outflow to Indian 
Ocean is OK. 

TES is biased high 
by ~ 5 ppb. 
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Ozone in the tropics, 500 hPa, July-November, 2006 

TES Model - TES GMI model 

Discrepancies are 
much smaller in 
2006. 

TES is lower in 
2006, and model is 
higher. 
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GEOS-Chem looks 
better in 2006, it has 
6 Tg LNOx, GMI 
model has 5 Tg.  
GEOS-Chem also 
too low in 2005. 

See next talk. 



GEOS-Chem comparison for 2006, ~ 400 hPa 

July 

Oct. 

Smaller discrepancies  with GEOS-Chem because: 
•      6 Tg LNOx instead of 5 Tg 
•      local scaling to LIS data moves LNOx source further south in Africa 



Ozone in Oct 2006, 6º-14ºS 

Africa S. Amer. 

TES vertical resolution ~6 km! GMI 

Problem is in LT not 
UT.  Ozone too low 
over Africa, so 
outflow from Africa 
does not supply S. 
Atlantic with enough 
ozone in easterlies  

GMI Ascension Island sondes, 8°S 



Ozone over South America, Nov. 2004-Dec. 2008 

Sept. in 
red 

In the model, ozone is 
related to lightning NOx. 

LNOx emissions higher in 
2006 than in 2005 in the 
model. Is this correct? 

LIS data show more 
lightning in 2006 than 
2005. 

200 hPa 

500 hPa 

Lightning NOx 

Does TES data give the 
correct IAV in ozone, 
higher in the South 
Atlantic region in 2005 
and 2007?   

Independent data from 
OMI/MLS confirms IAV in 
the TES ozone data. 



LIS data used to define IAV in LNOx 
in GEOS-Chem   

STD LNOx 
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Larger BB 
emissions 
in 2005, so 
less O3 in 
2006 in LT 

Thanks to Lee 
Murray for these 
results 

Ozone at 800 hPa, 2006-2005 

IAV in LNOx from LIS      STD LNOx 
Ozone at 500 hPa, 2006-2005 

Use of IAV from 
LIS data makes 
the 05/06 
problem worse. 



Tropospheric ozone column 
from TES and OMI/MLS  

TES column (integrated profile) 
Schoeberl product (uses trajectories 
to fill in MLS) 
Ziemke/Chandra product 

OMI/MLS products: 
OMI total O3 column - MLS 
strat. ozone 

OMI scans, so has better 
global cover than MLS. 

Variability in TES and OMI/
MLS products is essentially 
the same. 



Conclusions 
  Interpretation of MLS CO in upper trop. requires careful 

analysis of CO data in the lower trop., as errors in LT 
propagate to the UT. 

  Over S. America GEOS-4 max. convection appears to be a 
month too late.   
•  See next talk by Junhua 

  TES reveals interannual variability in tropical ozone, but 
models have problems matching this in S. Atlantic, likely due 
to lightning NOx.  
•  Next talk discusses differences in meteorology in 

2005/2006 
•  Note that variability in ozone is more similar to variability 

in BB emissions, although models say lightning NOx is key 
for ozone 

  TES and OMI/MLS products show similar variability 

Next:  GEOS-5 analysis! 


