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The abundance-based view of radiative forcing:
Radiative forcing of climate between 1750 and 2005
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The emissions-based view of radiative forcing:

Emitted Resulting Atmospheric

st : taat : Level of
Bempond Drivess Radiative Forcing by Emissions and Drivers
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Shindell et al. (2005, 2009)

GISS model
Pre-industrial to present-day simulations

Isolated response of CH, (and O,) from individual
emissions

Found only a small (<10%) non-linearity (i.e.
response to changing all together = sum of
individual responses

Used methane emissions, not prescribed
concentrations

Only attribution studies prior to ACCMIP
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Attribution experiment | Climate [CH,] Anthropogenic Emissions
NOx CO

NMVOC
#0 Em1850CH,1850 2000s 1850s 1850s 1850s 1850s
#1 Em2000CH,2000 2000s 2000s 2000s 2000s 2000s
#2 Em2000CH,1850 2000s 1850s 2000s 2000s 2000s
#3 Em2000NOx1850 2000s 2000s 1850s 2000s 2000s
#4 Em2000C0O1850 2000s 2000s 2000s 1850s 2000s
#5 Em2000NMVOC1850 w00} 2000s 2000s 2000s 1850s

Methane concentrations are prescribed and held fixed —
to allow short (few years) runs.

But we want to know how methane concentrations would
vary if its emissions were held at 1850s/2000s levels ...
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Adjusting to equilibrium [CH,]

Diagnose CH, lifetime in attribution (t_,,) and base
(T,.ce) Funs, then:

[CH4]eq = [CH4]base (Tatt / Tbase)f

Fuglestvedt et al 1999

fis the CH,-OH feedback factor: West et al 2007
Fiore et al 2009
Prather 1996

f=1/(1-s)
s=0Int/0In[CH,]

(get from ACH, expt)



Long-lived greenhouse gases

Short-lived gases

Aerosols and precursors

Changes

Components of radiative forcing for principal emissions
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Compare to IPCC (2007):
CH, terms smaller

NOx terms larger
CO/NMVOC similar

Important non-linearity for CH,




Since ACCMIP runs...

e Further attribution runs with STOC-HadAM3:
— All combinations of CH,, NOx, CO, VOC (1850-2000)



Methane lifetimes (yr) in attribution expts
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Equilibrium [CH,] values
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Impact of CH, emissions on A[CH,]
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Estimate of All 2000 emissions
ACH, #1 minus
(this was the 1850 CH,, 2000 NOx, CO, VOC emissions
ACCMIP method) -> A[CH,] = 1136 ppb




Impact of CH, emissions on A[CH,]
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Estimate of
ACH, #2

1850 NOx + 2000 CO, VOC, CH, emissions
minus
1850 CH,, NOx + 2000 CO, VOC emissions
-> A[CH,] = 1600 ppb




Impact of CH, emissions on A[CH,]
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Estimate of

ACH, #3

1850 CO + 2000 NOx, VOC, CH, emissions
minus
1850 CH,, CO + 2000 NOx, VOC emissions
-> A[CH,] = 1081 ppb




Impact of CH, emissions on A[CH,]
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Estimate of 1850 VOC + 2000 NOx, CO, CH, emissions
ACH, #4 minus

1850 CH,, VOC + 2000 NOx, CO emissions
-> A[CH,] = 1126 ppb




Impact of CH, emissions on A[CH,]
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Estimate of 1850 NOx, CO + 2000 CH,, VOC emissions
ACH, #5 minus

1850 CH,, NOx, CO + 2000 VOC emissions
-> A[CH,] = 1506 ppb




Impact of CH, emissions on A[CH,]
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Estimate of

ACH, #6

1850 NOx, VOC + 2000 CH,, CO emissions
minus
1850 CH,, NOx, VOC + 2000 CO emissions
-> A[CH,] = 1553 ppb




Impact of CH, emissions on A[CH,]

3000

2500

2000

1500

1000

500 -

Estimate of
ACH, #7

1850 CO, VOC + 2000 CH,, NOx emissions
minus
1850 CH,, CO, VOC + 2000 NOx emissions
-> A[CH,] = 1072 ppb




Impact of CH, emissions on A[CH,]
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Estimate of

ACH, #8

1850 NOx, CO, VOC + 2000 CH, emissions
minus
All 1850 emissions
-> A[CH,] = 1462 ppb




Impact of CH, emissions on A[CH,]:
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8 different estimates

il




Impact of NO, emissions on A[CH,]
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Estimate of All 2000 emissions
ACH, #1 minus
(this was the 1850 NOx, 2000 CH,, CO, VOC emissions
ACCMIP method) -> A[CH,] =-763 ppb




Impact of NO, emissions on A[CH,]:
8 different estimates
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Impact of CO emissions on A[CH,]:
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8 different estimates
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Impact of VOC emissions on A[CH,]:
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8 different estimates
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Revised CH, attribution summary
(based on mean results from STOC-HadAM3 runs)
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The emissions-based view of radiative forcing:

Emitted Resulting Atmospheric

st : taat : Level of
Bempond Drivess Radiative Forcing by Emissions and Drivers
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Summary

Methane attribution is quite non-linear: it matters
how you set up your experiment

The main reason is how NOXx interacts with
everything else — background NOXx level is important
(for OH and 0O,)

Accounting for the transient response of CH, is

Important

Using the mean of all 8 combinations makes the non-
linearity go away — fortuitous?
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