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DISCUSSION DRAFT 

 

Main Points 

 Recent science on the climate forcing of methane and health impacts of tropospheric ozone show that addressing 
methane is even more important from both a climate and health perspective than our understanding a few years 
back. 

 Under current policy scenarios, anthropogenic methane emissions are expected to increase by more than 35% 
over 2000 levels by 2030. 

 There are many potential options still available to mitigate emissions of methane. 

Recommendations 

 Report emissions of individual climate forcer: To enable estimates of the health impacts of ozone, or estimate the 
climate impacts of methane, countries need to begin developing and reporting emission inventories and scenarios 
which report the emissions of all climate forcers individually, not aggregated in a measure such as CO2e. 

 Focus on methane emissions from waste and agriculture: Now is the time to realize large-scale success on methane 
mitigation, particularly with the CCAC’s most recent Communique focusing on methane emissions from waste and 
agriculture. 

 Undertake new research on mitigation potential of agricultural sector: More work is needed to take new research 
on the mitigation potential of measures in the agricultural sector into account in models and economic analysis. 

 Be vigilant of the potential increases in emissions from the oil and gas sector: There are uncertainties in the 
emissions from the unconventional oil and gas extraction sector. They may increase in the future as the extraction 
via fracking increases. So, vigilance on this sector is likely to be warranted. 

 

SAP METHANE ASSESSMENT 

One of the best recorded pieces of information about methane is its atmospheric abundance, i.e., the atmospheric 
methane burden (Figure 1). The atmospheric concentration of methane has been very carefully measured by numerous 
groups and is a key to understanding, evaluating, and assessing the impacts of methane on climate and air quality. 
Following the “hiatus” of the 2000s, atmospheric methane abundance has started to increase again. Indeed, as a fractional 
increase, atmospheric methane abundance has increased more rapidly over the past decade than any other major 
greenhouse gas. The possible reasons for the temporal trends over the last four decades- the increase in the 1980s, a 
slowing down and negligible increase (the hiatus) between 1990 and 2010, and further increases in the past decade have 
been discussed in a host of new papers. There is good indication that the increases in atmospheric methane abundance 
are likely due to increases in methane emissions rather than a slower atmospheric removal rate. 
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Figure 1. The global atmospheric concentration of methane over the past decade as measured by the NOAA/GMD monitoring 
stations.  Courtesy:  of NOAA/GMD 

 

The temporal profile of methane over the past 4 decades, shown in Figure 1, has been variously attributed (or found to 
be consistent with the attribution) to changes in the methane loss rate due to OH radical changes, near constant OH levels 
with changes in the emission trends, or a combination of these factors. These factors remain elusive. Indeed, based on 
the same set of data, authors (Rigby et al. 2017 and Turner et al. 2017a) have come to different conclusions. However, the 
most consistent interpretation for the increases in the past decade is the increasing emissions of anthropogenic methane. 

Global anthropogenic methane emissions come primarily from three major sectors: agriculture (40%); oil, gas, and coal 
(35%); and, waste (20%). The agriculture and waste sectors are important contributors in all world regions. For oil, gas, 
and coal, however, the distribution of emissions sources can vary greatly across regions, with coal extraction being 
particularly important in Asia, and emissions from oil and gas extraction are generally more important in the northern 
hemisphere, as well as some areas of the Middle East and Africa. A final small, but important source of anthropogenic 
methane emissions is residential combustion of biofuels and coal for cooking and heating. 
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Figure 2. GAINS model analysis of global anthropogenic methane emissions growth under current legislation scenario. Source: 
Klimont, Z. et al. (in preparation); and Z. Klimont, personal communication, 9 April 2018. 

 

Thonat et al. (2017) have examined the emissions due to geological seepage and suggest that the previous estimates of 
the fossil fuel methane may be overestimated. If this holds up, clearly the emissions from unconventional oil and gas 
extraction of recent decades may be larger than estimated. Coupled with the finding of Worden et al. (2017), it appears 
that at least some of the increased emissions is due to unconventional oil and gas extraction (fracking), that is getting to 
be more pervasive. 

Under current policy scenarios, by 2030 anthropogenic methane emissions are expected to increase by more than 110 
TgCH4 per year (more than 35%) over 2000 levels of approximately 280 TgCH4 per year. Between 2015 and 2030, the most 
significant emissions growth is expected from the fossil fuel sector, particularly coal mines and oil and gas production. In 
the agriculture sector, significant growth is also expected in manure management and enteric fermentation. Emissions 
from municipal and industrial waste as well as from wastewater treatment are also expected to increase (see figure 2). 

There have been a few studies on the emissions from wetlands and fresh waters. These emissions are seasonally variable, 
especially in the Arctic. One study suggests that the emissions from the wetlands is influenced by ENSO (the El Nino 
Southern Oscillation). The enhanced methane emissions during the wetter years could be as much as 6-9TgCH4 per year. 
This has been observed in Siberia. Coupled with the finding from paleo studies (Petrenko et al., 2017) that the methane 
increases subsequent to the Younger-Dryas (rapid warming of the Arctic) around 11,500 years back was small, it appears 
unlikely that warming could have released large amounts of methane. This finding suggests that methane emissions from 
the warming Arctic is unlikely to release stored methane in hydrates, etc. These findings again are consistent with 
increased anthropogenic emissions being the cause of the methane increases over the past decade. 
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1. New Knowledge of Impacts 

Forcing 

The global warming potential of methane has been found to be around 30% higher than that reported in the IPCC AR5 
report due to absorption of incoming solar radiation by methane. This enhanced ability of methane to warm the world 
coupled with increased emissions, clearly shows that reductions in methane would have more impact on climate than 
previously estimated. Our understanding of the production of tropospheric ozone by oxidation of methane has not 
changed. Therefore, the benefits of methane emission reductions to human wellbeing and global climate remains 
significant. 

Tropospheric Ozone 

New studies indicate that the impact of tropospheric ozone on public health may be significantly higher that previously 
calculated. Malley et al 2017 analyzed the tropospheric ozone attributable mortality (respiratory and cardiovascular) using 
updated relationships from ACS CPS-II analysis (Turner et al. 2017b) estimating exposure over the whole year (average 
daily max value 8h) rather than six months (daily max 1h), which was the previous standard (Jerrett et al. 2016). The study 
found a 125% increase in O3 exposure attributable respiratory deaths in 2010 compared to estimates using the previous 
J2009 relationships (1.04-1.23 million deaths compared to 0.40-0.55 million). The study also found an additional 0.8-1.06 
million global ozone attributable cardiovascular deaths in 2010. However, there is less evidence for association between 
long-term ozone exposure and cardiovascular effects than for respiratory diseases. 

 

Figure 3. Estimated long-term O3 exposure attributable respiratory deaths in 2010. Units are attributable deaths per 100,000 people, 
and estimates were derived using the relationships derived in T2016, with a low concentration cut-off set at the minimum exposure 
in the T2016 cohort (26.7 ppb). Source: Malley et al., 2017 

 

The use of an annual metric, using an 8hr mean rather than a peak 1 hour averaged over 6 months, emphasizes the 
importance of background ozone, where methane is very important. 

2. Monetization Results 

Shindell et al (2017) estimated that the social cost of methane (that is, the monetized societal damages resulting from a 
tonne of emissions incorporating climate and air quality related impacts) is 50 to 100 times greater than the corresponding 
social cost of CO2. 
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More than 110 Mt of methane can be reduced at a net-negative cost for society (see figure 4 – sum of all columns below 
$0 societal net cost). Essentially all major methane mitigation measures can be implemented at a modest cost to society. 
The one outlier is waste water treatment, but much of the rationale for this measure comes from the water and public 
health benefit, not the methane mitigation. The most significant sectors in terms of total emissions reductions and net-
benefit to society are the waste and oil, gas, and coal sectors. 

 

Figure 4: Cost curve for methane mitigation measures using a social planner’s perspective (4% discount rate). Values are ~$3,000 more 
positive using a private investor’s perspective (10% discount rate). Source: Shindell et al. (2017). 

 

The measures described in Figure 4 do not take into account recent work looking at the potential impact of agricultural 
mitigation opportunities that were not included in the 2011 UNEP/WMO assessment. Figure 5 (below) illustrates the 
economic benefits of various agricultural sector policies. The potential benefits are likely to vary significantly across 
regions and there are varying levels of detail on the underlying analyses of the feasibility of these options. However, this 
indicates that there could be large potential methane mitigation benefits globally additional agricultural measures such 
as better management practices, particularly from beef cattle, and healthy human diets. 
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Figure 5: Valuation of benefits from potential agricultural sector emissions mitigation options globally. All calculations use emissions 
data from ref 53 and the methane (and analogous CO2 and N2O) valuation presented here with a 4% discount rate. Comments on data 
sources are given in the right column. Source: Shindell et al. (2017). 

 

3. Coverage of Methane in NDCs and need for separate reporting 

More than 90% of Nationally Determined Contributions (NDCs) include methane within the scope of the mitigation 
pledges. The majority of NDCs also cover major methane emitting sectors, with 71% and 73% addressing the agriculture 
and waste sectors respectively. All NDCs pledge to address emissions from the energy sector. Unfortunately, identifying 
the quantity and rate of reductions pledged for a particular compound is usually difficult or impossible because emissions 
reduction targets are expressed in aggregate CO2e. 

Annex 1 countries do report past emissions of greenhouse gases to the UN Framework Convention on Climate Change 
(UNFCCC) separately and in combined units. Most national communications also estimate these emissions separately 
although they may be reported in combined units in some cases. While separated reporting of past emissions provides 
useful data for analysis, similarly separated forward-looking emissions scenarios and mitigation commitments are 
essential to evaluate the net benefits of the reductions and when those benefits would be realized. 

4. Key Methane Mitigation Opportunities 

The most recent GAINS model analysis indicates that approximately 175 TgCH4 per year, nearly half of global 
anthropogenic methane emissions could be reduced by 2030. The majority of this abatement is expected from 
interventions in oil, gas, and coal and waste sectors. Emissions from oil and gas production could be reduced by nearly 
70%, gas distribution systems by 95%, and emissions from coal mines and long-distance gas distribution by more than 
50%. These reductions would have the added benefits of capturing the wasted energy sources.  In the waste sector, 
emissions from industrial and municipal waste could be reduced by more than 80%. While mitigation potentials vary across 
regions, the separation and treatment of solid waste offers opportunities across all regions. 

In the agricultural sector, the GAINS analysis calculates the mitigation potential of changes in animal feed, manure 
management, and paddy rice, but does not include new research on the mitigation potential of changes in consumer 
preferences or behavior, which could add mitigation potentials in the agricultural sector through reduced consumption of 
means (especially beef) and reduced food waste generation. Nor does it include the potential for reduction in emissions 
per unit of meat or milk from ruminant animals that result from improved management practices, as has been estimated 
by the FAO. 
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Recent analysis developed for the 2017 UNEP Emissions Gap Report confirms earlier studies showing that in the long term, 
a significant proportion of global anthropogenic methane emissions are likely to be addressed through policies to reduce 
emissions of CO2. However, the analysis also shows that over the next few decades, significant mitigation of methane 
emissions will require fast implementation of dedicated methane measures. In Figure 6, the difference between the blue 
dotted line and the blue dot indicate the additional mitigation potential of dedicated methane measures over those 
reductions achievable from strict CO2 mitigation policies. 

 

Figure 6. Regional estimates of ‘Current policy’ emissions trajectories and reduction potentials in the coming decades. Source: UNEP 
2017 Emissions Gap Report.  
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5. New Understanding of Opportunities in Agricultural Sector 

 

 

Figure 7: Recent studies supported by the CCAC agriculture initiative indicate that annual livestock sector methane emissions 
can be reduced by 4.5-47.5% (up to 8.6 million tonnes annually) relative to 2005, by 2030 with improvements to production 
practices. In Uruguay, for example, applying a combination of herd and health management, nutrition and feeding management 
strategies, and selective breeding has the potential of reducing emission intensity by 23% to 41% and increasing production 
(expressed in live-weight terms) by 80%. 

 

An in-depth examination of specifics possibilities of emission reductions by countries it become apparent that a very large 
per unit reduction in enteric methane emissions is possible. The examples of Argentina and Uruguay, in figure 7, indicate 
that the mitigation potential will likely vary significantly from country to country, but the mitigation potential is expected 
to be quite large globally. 

It is important to note, that while improvements in per-unit emissions can be significant, total emissions can still increase 
due to increased production. For example, New Zealand reduced emissions from the dairy sector by about 25% per-unit 
of product over the past 25 years, but production simultaneously tripled causing total emissions to more than double over 
the same period. Conversely, emissions from the sheep sector have reduced by about 20% on a unit of production basis, 
and about 40% on an absolute basis, the latter due to reduced production. Both these examples do represent 
improvements over baseline emissions scenarios, but this highlights the importance of examining the net emissions from 
each sector after allowing for the growth. 

In the above examples of Argentina and Uruguay, meat production is forecast to increase. Therefore, any reductions in 
absolute emissions will depend upon the balance between reductions in emissions per unit of product and changes in the 
amount of product. In many countries there is very large scope for changes in the efficiency of livestock farming as shown 
by the graph here and these efficiencies of production are necessary to help reduce CH4 emissions or even maintain at the 
current levels. However, they may not be enough by themselves. Wollenburg et al (2016) estimated that currently known 
methods could reduce emissions by between 21 and 40% of that needed for agriculture to contribute its share of 
mitigation to reach the below 2˚C climate goal. New technologies are needed to bridge the gap and/or things like changed 
demand for milk and meat. The emergence of synthetic food, such as milk and meat, may be able to considerably reduce 
the forecast methane emissions. New technologies are being developed (for example those reported in 2015) but their 
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cost effectiveness is still to be determined. In California, enteric fermentation has been exempt from the legislative 
requirement to reduce methane emissions. 

 

6. The Contribution of the CCAC-Partner Countries 

In 2000, emissions from CCAC Partner countries represented just slightly more than 50% of total global methane 
emissions; this is expected to decrease slightly to just under 50% by 2030 under the current legislation scenario. In terms 
of total mitigation potential, CCAC Partner countries can provide slightly more than 50% of the expected mitigation in 
2030 (See figure 8 below). This analysis does not account for the potentially large mitigation possible from additional 
measures in the agricultural sector (discussed above). 

 

 

Figure 8: The contribution of CCAC Partner Countries to global anthropogenic methane emissions and mitigation potential. The blue 
boxes represent the contribution of CCAC Partner Countries to global anthropogenic methane emissions. Source: Klimont, Z. et al. (in 
preparation); and Z. Klimont, personal communication, 9 April 2018. 
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Mitigation Potential of CCAC Partner Countries (April 2018) 

Measures 
Contribution to total global 

mitigation in 2030 
(percentage) 

Fossil Fuels 

Pre-mine degasification and recovery and oxidation of 
methane from ventilation air from coal mines 

21% 

Recovery and utilization of gas and fugitive emissions from oil 
and natural gas production 

63% 

Reduced leakage from long-distance transmission pipelines 92% 

Waste Management 

Separation of treatment of biodegradable municipal waste 
and landfill gas collection 

56% 

Upgrade primary waste water treatment with gas recovery 
and overflow control 

45% 

Agriculture 

Farm scale anaerobic digestion 72% 

Intermittent aeration of continually flooded rice paddies 28% 
Table 1: Source: Klimont, Z. et al. (in preparation); and Z. Klimont, personal communication, 9 April 2018. 
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