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Carbon Dioxide and Climate

Emissions
emissions from fossil fuel combustion, in many cases equipment 

with large capital cost and long turnover time

Atmospheric Concentration
atmospheric concentration adjusts slowly via biosphere and ocean

Climate Response
deeper ocean requires decades to adjust to changes in energy



  

Response to CO 2 Emissions Changes

High and Low SRES 
scenarios

BERN carbon cycle 
concentrations

GTP response

dT=0.81 C in 2100, 
dT=0.10 C in 2050
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Different Sources

Isaksen et al., Atm. Env., 2009



  

Near-term and Long-term 
Climate Change

Problems that occur over different timescales

Problems with different causes!
Methane, as well as some emissions of other short-lived pollutants 

that inßuence climate, from different activities

Problems with different ancillary considerations
Methane is a precursor of tropospheric ozone, so impacts human 

health, agricultural and forestry yields, and CO2



  

The Earth !s Energy Balance

Greenhouse gases absorb outgoing heat, changing 
radiative energy balance. Evaluate as Ôradiative forcingÕ
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Historical Radiative Forcing

IPCC AR4

2007



  

Indirect effects of methane emissions

Methane leads to ozone formation

Methane is oxidized into water in the stratosphere

Methane is oxidized into CO 2 in the troposphere

Methane alters tropospheric oxidation, affecting 
sulfate and nitrate aerosols

The ozone produces by methane inhibits CO 2-uptake 
by plants

GWP: 20-yr ~100xCO 2, 100-yr ~33xCO 2



  

Historical Forcing by Emitted Species

Shindell et al., Science, 2009;

Isaksen et al., Atm. Env., 2009

Aerosol
effects on 

clouds



  

Actual Measures

Kloster et al., ACP, 2008

Maximum Feasible 
Technological 
Reductions

2030 vs 2000

Industry and Power

Residential and Transport

Forcing (W/m2)



  

Physical Science of Methane

Large forcing
Baed on emissions, ~1 W/m2 (total anthro 1.6 W/m2)

Small uncertainties
Forcing is not residual of offsetting terms, indirect impacts additive, 

total uncertainty ~15%

Fast response
main inßuence ~5-15 years after emission

~Equal impact from emissions anywhere
makes valuation across regions simple



  

These estimates of the available global methane reduc-
tions are combined with the 3 ppb sensitivity (previous
section) to estimate the potential for decreasing ozone
through methane control, assuming that ozone responds
proportionally to changes in methane emissions (Figure 4).
Global methane reductions identified as having a net cost
savings can reduce ozone by 0.4 - 0.7 ppb, with double that
potential for less than $10 per ton CO2 equiv, the cost of a
modest climate abatement strategy. All identified methane
controlsglobally would reduceozoneby1.6 - 1.9 ppb. Roughly
half of these methanereductionsarein industrialized nations.

While cost-saving methane reductions are available,
decreasing ozone by 1 ppb through local or regional controls
on NOX and NMVOCsin industrialized nationsoften requires
major regulatory action at high cost. For example, recently
proposed controls on NOX emissions from electricity gen-
erating plants in the eastern United States are expected to
cost $884 million yr - 1, reducing ozone (average 8-h summer
population-weighted) by 0.86 ppb (27, 28). Decreasing ozone
by 1 ppb through NOX and NMVOC controls in all polluted
regionsof theglobeisthereforeexpected to cost many billions
of dollars annually.

Monetized Benefits of Global Ozone Reductions
The monetized benefits of ozone reductions for human
health, agriculture, and forestry have been estimated previ-
ously in regional studies. Here, we make a coarse estimate
of the global monetized benefits of methane emission
controls by combining several regional estimates (29 - 33)
and extrapolating to the global scale. Our estimate excludes
ozone-induced premature human mortality, and we may
therefore substantially underestimate the true total benefit.
We assume throughout that changes in ozone are propor-
tional to methanereductionsand that the monetized benefits
are proportional to the ozone reduction. We follow several
steps:

(a) Compile Regional Benefit Estimatesper ppb of Ozone
Reduced. Regional estimates of monetized benefits from
individual studies (29 - 33) are divided by the ozone reduc-
tions considered in those studies to give the annual benefit
per ppb of ozone reduced. In Table 1, these benefits are also
adjusted to 2000 U.S. dollars (see Supporting Information)
for consistency with the costs in Figure4. The human health
benefits in Table 1 are limited to nonmortality benefits,
morbidity (mainly avoided minor restricted activity days)
and worker productivity in the United States (29) and
morbidity in the EU (32), and neglect the possible effects of
ozone reductions on premature mortality. Recent epide-
miological time-series analyses suggest strongly that ozone
affects daily mortality (e.g., 34, 35), and where the benefits
of avoided ozone mortality have been estimated, the total

FIGURE 3. Marginal global costs of methane abatement from five
industrial sectors, usingdata from IEA(21;solid line). Our estimated
marginal benefit of methane reductions ($81/ton CH4) is shown as
a horizontal line (dashed), since we assume that benefits are
proportional to the methane reductions.

FIGURE 4. Methane emission reduction potential in 2010 in North America, Annex I, and the world estimated by IEA (top bar of each pair,
21) and EPA (lower bar, 23). The top axis and the numbers to the right of the bars show the resulting reductions in northern hemisphere
summer surface ozone ultimately achieved if the available methane reductions are implemented. These reductions wouldbe fully achieved
after more than 20 years. Annex I refers to all nations in Annex I of the United Nations Framework Convention on Climate Change. For
EPA (23) at <$10/ton CO2 equiv, we used their estimates for $200/ton CH4, which is $9.5/ton CO2 equiv using their global warming potential
of 21. Percentages are relative to current global anthropogenic emissions, taken as 340 Mton CH4 yr - 1.

TABLE 1. Annual Nonmortality Benefits of a Uniform1 ppb
Ozone Reduction (in $Billion yr - 1 ppb - 1)a

United
States EU-15

East
Asia globalb

agriculture 0.40 0.51 0.42 2.8 (0.04 - 5.6)
forestry 0.44 1.7 (0.5 - 2.9)
human health

(nonmortality)
0.59 0.60 3.0 (2.0 - 4.1)

total 1.4 >1.1 >0.4 7.5 (4.4 - 10.7)
a Derived from regional studies (29 - 33). b Global benefits extrapo-

lated from regional studies with estimated uncertainty (in parentheses,
90% confidence interval from EPA (30) applied proportionally to the
central estimates).
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West and Fiore, ES&T, 2005 ; 
Anenberg et al., ES&T, 2009

Co-beneÞts of Methane Emissions Reductions

Annual avoided mortalities in the 
NH due to 20% reduction in 

methane 141,000 to 401,000



  

Integrated Assessment Activity of 
UNEP (2010)

Looking at short-lived warming agents (black carbon and 
tropospheric ozone precursors, including methane)

Assessing state of knowledge on emissions, atmospheric 
processes, impacts on climate, health, ecosystems, & 

economics, and policy responses (technological & 
structural measures and implementation)



  

Questions to be addressed

What are the impacts of black carbon and tropospheric ozone 
and how signiÞcant are they? (warming and air pollution) 

Can measures be designed that will deÞnitely produce win-
win solutions to reduce these impacts? 

Can policies to apply these measures be implemented in 
different parts of the world? 

What are the key uncertainties that require attention and 
what do they mean for the conclusions? 

What are the implications for global governance and Þnance?


