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OH in the 
troposphere

Mean: ≈1x106 
molecules/cm3



IPCC (AR4), Chapter 2



IPCC (AR4), Chapter 2

OH Varations > 10%



Interpretation ... 

Conclusion mostly based on methyl chloroform (MCF)
MCF is phased out, emissions and hence the 
atmospheric burden are declining since 1992



Are these OH variations real?

Lifetime CH4 (OH oxidation) 10 years
10% OH variation: 50 Tg CH4!
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Lelieveld et al., 2006
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Inversion Details

Inversion often data-limited (not enough 
measurements to fully constrain the 
unknowns y)

Prior assumptions about OH and emissions 
are required

Inversion results MCF depend strongly on 
prior assumptions about emission uncertainty 
and OH uncertainty



What about the post 
2000 period MCF?

With Vanishing MCF Emissions good estimates 
for OH are expected (e.g. Spivakovsky et al. 
2000)

Step 1: Forward Model Simulations



Good Fit, From Barrow to South Pole

NOAA



Step 2: develop suitable inverse 
modelling framework to derive the 

‘optimal’ OH (and Emissions) 
(e.g. Bousquet et al., 2005) 

Here: 4D-VAR data-assimilation
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TM5-4DVAR

observationsmodel 
parameters

minimization 
ECMWF conjugate 
gradient

nPARA = ~ 105-106 

nOBS  = ~ 104-106

observations
(dimension: nOBS)

model simulations 
corresponding to observationsparameters (dimension: nPARA)

adjoint model

atmospheric 
transport model: 
TM5
[Krol et al., 2005]
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Next Step

Optimize OH concentration in the 2000-2006 
period with the 4DVAR-TM5 approach
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MOPITT 700 hPa CO zonal mixing 
ratio (ppbv), from Edwards et al. 2006. 



NH anomaly caused by boreal fires 2002-2003



Conclusions 
OH fluctuations: not supported by the methane 
budget

Derived OH fluctuations since 2000 generally 
small

Existing fluctuations align with ‘known’ 
perturbations in atmospheric CO (main OH sink)

Derived OH fluctuations in 1980s and 1990s are 
probably the result of an overstated accuracy 
of the MCF emissions


