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Why do we care about atmospheric chemistry 
for climate?  Is it not all just CO2? 

The non-CO2 gases add up. 
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Why do we care about atmospheric chemistry 
for climate?  Is it not all just CO2? 

The CO2 cap to keep < 2°C is 1,000 GtC if we ignore 
the other GHG, but only 750 GtC with them. 
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IPCC 
the Intergovernmental Panel on Climate Change 
  
 
 Just how did I get involved? 
 
 Just how did IPCC redirect my research? 
 
 
a personal scientific history & reflection 



In 1990, while playing with our new 3D chemistry model, 
we discovered a magic trick for calculating the OH-lifetime 
of any gas by simple scaling!  



In 1990, while playing with our new 3D chemistry model, 
we discovered a magic trick for calculating the OH-lifetime 
of any gas by simple scaling! in std use since 1990 

lifetimes against OH loss scale  
 
as kOH = A exp( – B / 277K) 

key knowledge for IPCC GWPs and UNEP/WMO ODPs, 
which all depend on lifetimes. 



IPCC 1992 Review:   
 
Conclusions due in part 
to mistaken belief that 
impacts of CO and NOx 
would be likewise short 
lived.  

1992 

 



INCREASE IN SURFACE O3 BY 2100 

1994 

WHY ? 



Tropospheric CH4 – OH chemistry:  Delayed recovery of a perturbation 

Don Fisher presented a conundrum at the 1993 AFEAS workshop: 
With a 2-D global atmospheric chemistry model, a pulse of CH4 did 
not decay with the expected steady-state lifetime (~8 yr) but with 
one that was notably longer (~12 yr).  The delayed time scale was 
independent of the magnitude of the perturbation! 





Tropospheric CH4 – OH chemistry:  Delayed recovery of a perturbation 

Consider a simplified schematic of the global atmospheric CH4-CO-OH 
chemical system as three reactions (Prather, 1994, 1996) 
 
  CH4 + OH  ... CO R5 = k5 [CH4] [OH] k5 = 1.266x10-7 s-1ppt-1 
  CO  + OH  ...  R6 = k6 [CO] [OH] k6 = 5.08x10-6 s-1ppt-1  
  OH  + X  ...   R7 = k7 [X] [OH]  k7 [X] = 1.062 s-1  
 
Given constant sources (S) for these gases the rate equations are 
 d[CH4]/dt  =  SCH4  -  R5 
 d[CO]/dt   =  SCO   + R5  -  R6 
 d[OH]/dt   =  SOH   -  R5  -  R6  -  R7 
 
We can pick reasonable source terms to give results that are typical of 
the globally averaged atmosphere: 
     SCH4 =  177 ppb/yr SCO =  240 ppb/yr SOH = 1464 ppb/yr 
 
     [CH4] = 1704 ppb  [CO] = 100 ppb   [OH] = 0.026 ppt 



Tropospheric CH4 – OH chemistry:  Delayed recovery of a perturbation 

The Jacobian (J) of the chemical system is calculated from 
 
∂(d[CH4]/dt)/∂[CH4] ∂(d[CH4]/dt)/∂[CO] ∂(d[CH4]/dt)/∂[OH] 
∂(d[CO]/dt)/∂[CH4] ∂(d[CO]/dt)/∂[CO] ∂(d[CO]/dt)/∂[OH] 
∂(d[OH]/dt)/∂[CH4] ∂(d[OH]/dt)/∂[CO] ∂(d[OH]/dt)/∂[OH] 
 
and at steady-state has the value (all units are yr-1) 
 - 0.104      0   - 6.81 x 106  
 +0.104  - 4.17   - 9.23 x 106  
 - 0.104  - 4.17  - 56.35 x 106  
 
The diagonal elements are the negative inverse of the traditionally 
defined lifetimes:   
 9.6 yr for CH4 
   0.240 yr for CO  
     0.56 s for OH 



Tropospheric CH4 – OH chemistry:  Delayed recovery of a perturbation 

The inverse-negative eigenvalues 
(Ti = -1/λi) and eigenvectors are:  
 
 
 
 
 
 
 
 
Thus an instantaneous perturbation of δ[CH4] = 1 becomes a perturbation to 
all three species and over all three time scales:  
 
      δ[CH4](t)  =  + 0.995 e -t/13.6  + 0.005 e -t/0.285 + 0.000 e -t/0.000000018  
      δ[CO] (t)  =  + 0.035 e -t/13.6   - 0.035 e -t/0.285 + 0.000 ... 
      δ[OH] (t)  =  ... 
 



Tropospheric CH4 – OH chemistry:  Delayed recovery of a perturbation 

 
More surprisingly, a perturbation to CO alone, δ[CO]=1, causes a 
significant perturbation to CH4 that is “unmasked” in a few months: 
 
 δ[CO](t)  ≈  + 0.005 e -t/13.6  + 0.995 e -t/0.285 

 
   δ[CH4](t) ≈  + 0.15   e -t/13.6  -  0.15   e -t/0.285     
 
 
The off-diagonal elements in the Jacobian cause a coupling across all 
species, including excitation of the 13.6-yr CH4-like chemical mode in 
response to a perturbation of CO alone. 



Tropospheric CH4 – OH chemistry:  Delayed recovery of a perturbation 

 
We now can understand Fisher's results as a coupled system: 
 if colored separately, the added CH4 decays with an 8-yr e-fold, 
 background CH4 is perturbed in proportion to the added CH4, 
 and the total perturbation decays with a 12-yr e-fold. 



INCREASE IN SURFACE O3 BY 2100 

1994 

Multi-model assessment of 
CH4 feedback factor first derived 
from Prather 1994 box model. 



CH4 OH O3 CH4 

+40% 

CH4 climate forcing from  
 1) feedback on its own lifetime 
 2) increase in tropospheric O3 

Isaksen & Hov, 1987 
Prather, 1994 
IPCC SAR (multi-model assessment), 1995/1996 

CH4 OH CO O3 

1995 



1995 

lifetimes from OH 
lifetimes with feedbacks 



Opposite to that of CH4, the  
N2O-NOy-O3 coupling actually  
reduces the residence time of  
an N2O perturbation. 



2001 

CH4 

N2O 

Lifetimes revised again 



Discovery – linkages across time scales and species 



CH4 OH 
NOX 

O3 

O3 

regional 

global 

0.5 Tg-N of NOx (Wild, Prather, Akimoto, 2001) 



0.5 Tg-N of NOx (Wild, Prather, Akimoto, 2001) 

decreased C
H

4  cooling 
 

increased trop-O3 warming  

Not all NOx is created equal: most NOx falls along the 
“climate-neutral” line, but NOx emissions in tropics or at 
high-alt » EU at surface. 
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2001 

CH4 self-feedback, TAR 



2001 

CO indirect RF 



2001 First trop. O3 trend time series in real units! (not %). 
Iconic times series (Logan, 1999) – not CO2! 



IPCC (2001).  “Changes projected in the 
SRES A2 and A1FI scenarios would 
degrade air quality over much of the globe 
by increasing background levels of O3. In 
northern mid-latitudes during summer, the 
zonal average increases near the surface 
are about 30 ppb or more, raising back-
ground levels to nearly 80 ppb, threatening 
attainment of air quality standards over 
most metropolitan and even rural regions, 
and compromising crop and forest 
productivity.  This problem reaches across 
continental boundaries since emissions of 
NOx influence photochemistry on a 
hemispheric scale.” 

INCREASE IN SURFACE O3 BY 2100 

2003 GRL 



review of work 1994-2006 



31 

2007 

CO indirect GWP 



VOC & NOx indirect GWPs 

32 

2007 



Finally finish strat-trop eigenmodes in 3D CTM! 



mode #1 (108 yr) impacts on CH4, CO, O3, … 
 
+10 Tg-N N2O 

dashed = negative  
perturbation 

A relatively large reduction  
in CH4 (-3.6 ppb) is tied to  
N2O increases (+10 ppb)  
 
These all decay with  
a 108-yr time scale.   
 
N2O’s climate impact  
is reduced:   
 
(i) -8.4% because decay  
of pulse is faster than the  
e-fold of the lifetime  
 
(ii)    -4.5% because of the 
reduced CH4.   



Atmospheric chemistry needed to propagate uncertainty into IPCC 



INCREASE IN SURFACE O3 BY 2100 

2013 

Where’s chemistry in the 2013 AR5? 

now with Air Quality projections 



INCREASE IN SURFACE O3 BY 2100 

2013 

RF as driven 
by emissions 
of indirect 
GHGases ! 



2013 
Future surface O3 assessed 



2013 

Uncertainty in both 
 emissions scenarios & 
 future CH4  
were evaluated. 
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Why do we care about atmospheric chemistry for 
climate?  CH4, tropospheric O3, N2O, … do matter 

The CO2 cap to keep < 2°C is 1,000 GtC if we ignore 
the other GHG, but only 750 GtC with them. 



LA and HOLLYWOOD sign from  UCIrvine 7 Mar 2010 1147h 

Forecast for global atmospheric chemistry 
in climate assessments ? 
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