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Temperature impact from CO2 compared to other climate forcings,
relative to 1880

CO2 Short-lived Climate Forcings

Note: Different models were used to derive Global
(previous slide) and Arctic (this slide) values.

Calculated from Quinn, et.al., ACP, 2008
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> Tropospheric ozone is formed in the atmosphere
from “precursor” pollutants - oxides of nitrogen,
volatile organic compounds, carbon monoxide,
and methane in the presence of light — and thus
not directly emitted like most other air pollutants.

> Atmospheric lifetime of ozoneis 1to 2 weeks in
summer and 1 to 2 months in winter.

> Ozone produced in a polluted region of one
continent can be transported to another
continent.
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> The dominant heating pathway is probably transfer of heat
produced by Northern Hemisphere ozone into the Arctic.

> Followed by transport of ozone from outside the Arctic
> To asmaller extent, ozone formation within the Arctic

> At the same time, there remain research questions to tease
out the relative contributions and better understand
precursor roles, including

« Contribution formed in the Arctic, both from in-Arctic
precursors and precursors transported into the Arctic. How
will this change with a warmer Arctic?

« Importance of lifetimes, locations and seasonality of the
shorter-lived precursors

 Relevance of looking at specific VOCs
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CLEAN AIR TASK FORCE adapted from Fiore, 2002



Different strategies and need for air
guality versus climate benefits

> Air quality programs to
reduce ozone levels
focus largely on
reducing peak ozone
levels to protect human
health and crop
production.

> This favors strategies
reducing “local”
precursors - NOX and
non-methane VOCs —
that are major
contributors to peak
ozone levels.
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> To benefit climate by reducmg net warming, a balanced approach must
be taken to reducing all major ozone precursors — given their complex

atmospherlc interactions.

»> NOX is the most complicated precursor. In the short NOXl -
run, it reduces ozone and the radiative forcing from
ozone. Over a longer period, however, reductions
increase the lifetime of methane, and therefore OH >
contribute to warming. Also the nitrate aerosol has
a cooling effect, which reductions remove.

> It's unclear where the balance lies between the CHA4 |ifetimef
negative impacts from increased in methane lifetime
and aerosols, particularly nitrate, and the positive
climate benefits from ozone reductions. This
suggests that NOx reductions continue to be
pursued for air quality benefits, with the recognition
that climate benefits will need to come largely from
carbon monoxide and methane reductions
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Because CO
also uses OH
as an
atmospheric
sink, reducing
it will make
more OH
available as
methane sink.

Using same calculations, and
without double counting,
methane is 0.59 W/m2, plus

1 0.5 0 0.5 1
Radiative Forcing (watts per square metre)
from pre-industrial time
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| another 0.20 W/m2 from
methane emissions via
ozone.

Shindell, Oslo Workshop, from
IPCC 4AR, 2007 9



Unlike other ozone precursors, methane is not a typical, short-lived
ozone precursor.

Because methane has a long atmospheric lifetime (8-10 years),
emissions become well mixed.

Neither air quality nor climate benefits depend strongly on the
location of the CH4 emission reductions, implying that the lowest
cost emission controls can be targeted.

There are, though, regions where methane effects on O3 are
enhanced. These include locations with high NOx emissions (e.g., in
southern California); regions near the down welling branches of the
Hadley cell, at roughly 30°N and 30°S (over the Sahara region of
North Africa, the Middle East), or regions with active convection
(Caribbean Sea and Gulf Coast of the United States).

« Given that most of the ozone-related temperature in the Arctic
comes from global transport, the benefits of these reductions
should be felt in the Arctic.
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MODELED CLIMATE IMPACTS OF 50%

REDUCTIONS IN ANTHROPOGENIC

EMISSIONS
CH4 |NOx* |[VOC |NOx CO
&VOC
Methane -0.3 +.06 |-.01 +.05 -.02
Radiative
Forcing (W/m2)
Ozone -07 |-.06 |-01 -.07 -.01
Radiative
Forcing (W/m2)
Total Forcing =27 0 -.02 -.02 -.03
(W/m2)
sprmms ool comonges

Workshop, 2001
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» Given concerns about irreversible arctic climate
Impacts that may occur within the next two
decades, should a 20 year GWP, instead of the
typical 100 year equivalency, be used to evaluate
arctic impact reduction options?

> Using 20 year impacts more than doubles the
warming benefits from methane emissions
reductions and would increase CO reduction
warming benefits by at least 50 percent.

> This will also increase the economic value of
such emissions, which means much more
expensive reductions than typically addressed in
current “supply curves” are feasible.

CLEAN AR TASK FORCE| Rypdal, 2005 12



> Next four slides.
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CO, emissions, Edgar 2000
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NOX, 2000 FROM EDGAR
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Non —methane VOCS, 2000
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METHANE, 2000 EDGAR

LANDFILLS
WASTEWATER ¢ BIOFUEL
TREATMENT HUMAN  COMMERCIAL/RESIDENTIAL
MID/HIGH ASTEWATER RESIDENTIAL
LATITUDE DISPOSAL
AG WASTE FOREST FIREST COAL
BURNING PRODUCTION
SAVANNA OIL PRODUCTION
SHRUB FIRES OIL PRCESSES
TROPICAL GAS FLARING
FOREST FIRES
ANIMAL WASTE S
MANAGEMENT UCTION
ENTERIC
FERMENTATION RICE

CULTIVATION



> Traditional clean air regulation programs
addressing ozone will not benefit climate and
thus the Arctic.

» Substantial methane and CO reductions are
needed reduce ozone warming of the Arctic.

> Research and analytical questions remain,
Including whether targeting global hot spots to
reduce ozone could have an enhanced benefit in
the Arctic.
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