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Outline 

 Some history … 
and scenarios for methane going wrong  

 Increasing questions … 
with the methane GWP now looking dubious 

NZ’s lead role in this area of science  

Growing evidence for OH being robust … 
so feedbacks built into the methane GWP  
look wrong 

Fossil fuels 
contribute 29 Gt CO2  

CO2 and the annual carbon budget 

The atmosphere gets 
to keep 10 Gt CO2 

and so we get warmer 

Deforestation adds  
4 Gt CO2  

Oceans take 
out 8 Gt CO2 

Biosphere  
takes 15 Gt CO2 

What Else Do We Need To Know? 
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CH4 vs its Projections 

Actual 

Methane is the second most important greenhouse gas. Rapid growth in  
1980s and early 90s led to scenario projections based on that continuing 
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Actual 

CH4 vs its Projections 

Slowdown in the late 1990s led to revised projections  based on some  
delay. But also started to use increases in CH4 meaning a longer lifetime. 
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Actual 

CH4 vs its Projections 

Little change for seven years. And the RCPs now include climate stabilisation  
so have a wide range for CH4. But still cover it increasing rapidly. 
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The CH4 Global Warming Potential 
The GWP compares emissions of CH4 with those of CO2.  Early IPCC 
reports had it wrong for biogenic sources by including the CO2 that was 
produced by atmospheric oxidation, as if it were an additional source 
for CO2. 
 

That was fixed for the second assessment in 1995 but then the GWP 
included indirect effects involving atmospheric chemistry and led to: 
     ~ 45%    the direct role of CH4 on radiative forcing of the climate 
     ~ 32%    due to CH4 ↑ making oxidation by OH ↓ so longer lifetime 
     ~ 19%    due to CH4 ↑ meaning tropospheric ozone ↑ 
     ~   4%    due to CH4 ↑ meaning stratospheric H2O ↑ 
 

The fifth assessment in 2013 has some revisions to that based on the 
Atmospheric Climate - Chemistry Model Intercomparison Project 
(ACCMIP) and now gives a range for the OH feedback effect being 24% 
to 50% and depending on future emissions. 
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Recent history of methane 
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CH4 data from ESRL/CMDL shown as running 12-month 
means for sites in different latitude bands. 

Full range for 3 to 7 sites in 30 – 5oS 
Full range for 4 to 9 sites in 90 – 30oS 

In the southern hemisphere CH4 went 
down slightly from 2000 to 2006, but then 
started to increase in September 2006 in 
the low latitudes, and one month later in 
the high latitudes. 
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Recent history of methane 

Full range for 3 to 7 sites in 30 – 5oS 
Full range for 4 to 9 sites in 90 – 30oS 

4 to 8 sites in 53 – 82oN 
4 to 8 sites in 25 – 52oN 
3 to 4 sites in   5 – 20oN 
2 sites in 5oS - 5oN 

CH4 data from ESRL/CMDL shown as running 12-month 
means for sites in different latitude bands. 
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What happened in 2006 
The first paper describing the 2006 increase in CH4 [Rigby et al, GRL, 2008] 
said it had to be either:  
• a ‘substantial increase’ in emissions simultaneously in both 

hemispheres – or –  
• emissions increasing in the northern hemisphere and OH decreasing in 

the southern hemisphere and this is more consistent with other data. 
 

So could this be a decrease in OH caused by CH4 increasing?  
 

Montzka et al [Science, et al 2011] used data for methyl chloroform 
together with some for CH4, and three other trace gases to show that, 
globally, OH appears to have been stable within ±3% over 1985 – 2008,  
but with the most reliable data being only for 1997 onward. 
 

But still more questions: - Rex et al [ACP, 2013] have recently described an 
‘Ozone hole’ (and therefore an OH hole) that they found in 2009 in the 
troposphere of the Equatorial West Pacific. So did that start in 2006 or has 
it always been there?   

Why OH is important 

This shows the rate of removal of climate forcing  
by natural processes:  
 
CO2 by the carbon cycle; 
 
CH4, HCFC-22 and  
CH3CCl3 by OH;  
 
etc. 
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Manning & Reisinger, Phil Trans Roy Soc, 2011 

OH removes 11 of 
the 24 greenhouse 
gases listed in the 
IPCC WG1-AR5 2013 
report. 
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Atmospheric chemistry & GHGs 

IPCC Special Report on safeguarding the ozone layer and the global climate system, 2005 

Methane is in the 
midst of all this 

Atmospheric chemistry & GHGs 

IPCC Special Report on safeguarding the ozone layer and the global climate system, 2005 

Hydroxyl (OH) is the 
atmosphere’s “self 
cleaning” agent that 
removes more than 
80 trace gases  

and more radiative 
forcing of the climate 
system than all of the 
carbon cycle does. 
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Production & removal of OH involves at least 50 
species and over 100 reactions and photolytic 
processes.  

CO removing OH has a lifetime of ~ 80 days 
NOx restoring OH has a lifetime of ~1 day 

So we expect effects on OH to be different in 
the Northern and Southern hemispheres. But … 

Patra, et al., Nature, 2014 – now saying that OH 
must be very similar in both hemispheres 

Some models say that OH should be increasing 
because of more water vapor … and others that 
it should be decreasing because of higher 
concentrations of many reduced species. But … 

Parrish, et al., JGR, 2014 – say models are only 
explaining ~50% of observed changes in 
atmospheric chemistry over the last 50 years. 

 rates for reactions in blue  
are in 1012 mol yr-1 

What do we know about OH 

Which bring us to Models - a different world 

“All models are wrong but some are useful” 
G.E.P Box, Robustness in Statistics 1979 
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Michael Prather’s initial estimates of the indirect effect in the CH4 
GWP said that a 1% increase in CH4 would decrease OH by ~0.37%. 
The IPCC fifth assessment is heavily based on the ACCMIP models1, 

and reduces this slightly to 0.32%, but still says “The chemical 
coupling between OH and CH4 leads to a significant amplification of 
an emission impact”. 
 

So the increase in CH4 over 1987 – 2013 should have reduced OH by 
about 3%.  
 

Whereas a more detailed comparison of atmospheric chemistry 
models with observations2 has shown that, while some model 
differences are quite significant, they can reproduce CH4 and other 
tracers over 1990 – 2007 with no change in OH.  

A growing divide in the science ? 

1: Voulgarakis, A., et al., 2013, Analysis of present day and future OH and methane lifetime 
in the ACCMIP simulations. Atmospheric Chemistry and Physics, 13, 2563-2587 
2: Patra, P.K., et al., 2011: TransCom model simulations of CH4 and related species: linking 
transport, surface flux and chemical loss with CH4 variability in the troposphere and lower 
stratosphere. Atmospheric Chemistry and Physics, 11, 12813-12837. 

How has Global OH changed with Industrialization?  

Global Anthropogenic +  
Biomass Burning Emissions 

OH 

OH 

OH 

OH 

H2O Clouds/Aerosols 

CFCs/UV NET CHANGE?? 

OH 
? 

Lamarque et al. [2010] 

Meinshausen et al. [2011] 

Pink slides have been borrowed from  
a presentation by Vaishali Naik,  

GFDL New York, July 2013 
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1980 to 2000 Global OH changes:  
Model and Obs-based do not agree on the sign of change 

OBS Model 

Montzka et al. [2011] 

Diminished uncertainties in CH3CCl3 data after 1997 
provide better constraints on OH trends and 
variability 

Preindustrial to Present-day OH change:  
Large Inter-model diversity (-12.7% to + 14.6%)  

Little change in global mean OH over the past 150 years, indicates that it is well-
buffered against perturbations [Lelieveld et al. 2004, Montzka et al. 2011] 
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In 1960s it was recognised that most of 14C first  
becomes 14CO and is then oxidised to 14CO2 

Pandow, et al., J. Inorg. Nuclear Chem. 1960, 14, 153-158 

That 14CO oxidisation step is driven by OH 

In 1970s some 14C measurements of atmospheric CO enabled 
estimates of OH and it was a significant advance 

Volz, et al., Radiocarbon 1980, 22, 372-378. 

From the early 1990s we have been able to start systematic 
measurements of 14CO thanks to AMS. 

Brenninkmeijer, et al., Nature 1992,356, 50-52. 
Mak, et al., Geophys. Res. Lett. 1998, 25, 2801-2804. 

Jöckel, et al. J. Geophys. Res. 1999, 104, 11,733-11,743. 
Manning, et al., Nature 2005, 436, 1001-1004. 

Why Radiocarbon is very important here 

Back to measuring what’s in the air 

Dave Lowe 

Athol Rafter 
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Breakthrough No 1 in NZ 

Nature, 1988 

Dave Lowe and Carl 
Brenninkmeijer were 
atmospheric chemists 
working alongside the 
DSIR accelerator mass 
spectrometry group and 
so became pioneers in 
using that to measure 14C, 
first in CH4 and then in CO. 

These are systems currently used in NIWA and GNS 

Breakthrough No 2 in NZ 
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Then there’s a need to collect air samples 

Baring Head, Wellington, NZ 

Arrival Heights, Antarctica 

Container ships in the Pacific 

Flights from NZ to Antarctica 

The 14CO data 
Now have a very good match between Baring Head, NZ, and Arrival 
Heights, Antarctica, as well as ship samples collected south of 30°S. 
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The very well mixed 30-90°S region 
This shows the latitudinal variation in 14CO from samples collected on 
voyages to California and Japan in the Pacific Ocean. Concentrations 
have been scaled to a long term average for the 14C production rate.  

Latitude °S 

 14CO variation is driven by the solar cycle 

During periods of high 
solar activity a larger 
proportion of cosmic rays 
are deflected away from 
the solar system. 

Changes in sunspot 
numbers track the 
variation in solar activity. 

But detailed analysis of 
neutron fluxes is used as  
a more direct way of  
tracking fluctuations in  
14C production. 

Kovaltsov, et al, 2012: A new model of cosmogenic production of radiocarbon 
 14C in the atmosphere. Earth Planet. Sci. Letts, 337-338. 

Usoskin, et al, 2011: Solar modulation parameter for cosmic rays since 1936 reconstructed  
from ground-based neutron monitors and ionization chambers. J. Geophys. Res, 116. 
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 Masarik & Beer

 Kovaltsov et al

14C production rates over the last 2 solar cycles 
More recent estimates of 14C production by Kovaltsov et al are smaller 
than previous ones, but resolve a long standing problem for radiocarbon 
analyses and have a larger relative variation over the solar cycles. 

The production rate for 
this natural tracer of OH 
has varied by a factor of 
3 over the last 24 years!  

14CO source distribution and a varying tropopause 

We also have much 
more information on 
variations in the 
tropopause that 
separates production 
in the stratosphere, 
from observations  
in the well mixed 
troposphere.  
 
The solid coloured 
bands show the range 
of zonal averages for 
tropopause height for 
two months, and the 
shaded region gives 
their full range for all 
months over 1989 - 
2012. 

Relative distribution of 
14C production for its 

average production rate. 

Tropopause positions from the NOAA/ NCEP reanalysis 
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Holton, et al, 1995: Stratosphere-troposphere exchange. Rev. Geophys, 33(4), 403-439. 

The classic view of stratospheric circulation 

But the cross tropopause 
transport, shown here,  
now seems to be explained  
by the large short term 
fluctuations in its  
position as seen in the  
NCEP reanalysis,  
together with its very  
large seasonal cycle in  
the southern hemisphere. 

An earlier simple budget analysis for explaining cosmogenic 14CO 
concentrations used production rates varying every 14-days for four zones 
covering 0-30°S and 30-90°S in the stratosphere and the troposphere. 
     Manning, et al. Nature. 2005. 
 

This has now been done using the much more detailed NOAA/NCEP 
estimates of tropopause position and covers its longitudinal variation in 
altitude. 
 
14C production rates are based on the new analysis (Kovaltsov, et al. EPSL. 2012) 
with revised 14-day solar modulation potential (SMP) values provided by 
Ilya Usoskin. 
 

The spatial distribution for production is still based on Masarik and Beer as 
recommended by Ilya Usoskin. 
 

From production to concentration 
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Spivakovsky et al’s (2000) estimates of tropospheric OH are being used 
as these are consistent with other recent analyses based on 
observations of tracers that show OH is similar in both hemispheres.  

The very high 14C production rates in 1996 – 1997 and 2007 – 2009 have 
their largest effects in the upper stratosphere. So we have to cover the 
slower circulation occurring in the stratosphere and very high rates of 
oxidation occurring above 20 km.  

This now uses a running budget analysis and treats the stratosphere as a 
series of 10 hPa layers. A simplified form of Brewer Dobson circulation 
also moves air through the stratosphere with longer transport times 
through the upper stratosphere.  

Estimates of OH in the stratosphere have larger uncertainties but the 
very high 14CO concentrations that has been observed in aircraft samples 
from Christchurch to McMurdo provide new information on this.  

Putting lots of bits and pieces together 

0 50 100 150 200

400

300

200

100

0

h
P

a

1995-10-17

1995-11-09

0 50 100 150 200

1996-10-07

0 50 100 150 200

1997-08-25

1997-10-05

1997-11-14

0 50 100 150 200

400

300

200

100

0

h
P

a

1998-11-06

0 50 100 150 200

1999-08-26

0 50 100 150 200

2001-10-11

Aircraft samples – with some fits and some misfits 
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Getting a fit to 24 years of data 

This is actually showing two different fits to the surface data over 30-90°S 
that have quite different vertical distributions in the stratosphere. So the 
aircraft samples have a lot more information in them. 

Peak concentrations in 2009 are expected to be ~ 13% higher than in 
1996 because of the higher 14C solar production rate. But that is not seen 
in the data.  
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The data suggest that OH is increasing 
Residuals of data from the fit are shown for BHD (blue) and ARH (red).  
The green trend line indicates an increase of about 10% in the removal 
rate by OH over 20 years. The increase in very low concentrations may 
indicate more influxes of tropical air. But it would be very hard to reconcile 
this data with a decrease in OH over the well mixed 30-90°S zone.  

Pinatubo 
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Some conclusions 

The approach that was used to define an indirect effect for the CH4 
global warming potential assumed that OH was quite sensitive to an 
increase in the concentrations of CH4 and other reduced species.  
 

There is now growing evidence from several sources that OH is 
actually very resilient. E.g: 
• Growing agreement that OH concentrations are very similar in the 

northern and southern hemispheres despite their very different 
levels of CO and hydrocarbons 

• The lack of any trend in the removal rate for CH4, methyl 
chloroform and some other species 

• And new evidence from 14CO which indicates that OH has 
probably increased in the 30-90°S region over the last 20 years, 
despite an 8% rise in CH4.  

Our analysis is now starting to cover CH4 as well as total CO. A 
simpler version had suggested a shift in the spatial distribution of 
OH can explain CH4 increasing in the tropics as seen in 2006, while 
still making 14CO go down in the well mixed 30-90°S region.  
 
A bigger problem is dealing with the divergence that is occurring 
between different types of atmospheric chemistry models, with 
some being much more closely related to observations than 
others.  

But some more still to be done 


