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Short-Lived Climate Pollutants in the Fifth IPCC Assessment Report Working Group I The Physical Science Basis

This briefing has been developed by the Scientific Advisory Panel of the Climate and Clean Air Coalition to Reduce Short-Lived Climate Pollutants (CCAC). 
This document and more information on the CCAC are available at: www.unep.org/ccac/

Short-Lived Climate Pollutants in the Fifth Assessment Report of the IPCC – Working Group I: The Physical Science Basis
Introduction
The Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC) provides the latest comprehensive evaluation of the factors driving climate change. Regarding short-lived climate pollutants (SLCPs), AR5 finds larger contributions to climate change from methane and carbonaceous aerosols than the previous IPCC assessment while noting that uncertainties in the influence of aerosols remain large.
The AR5 highlights the difference in the climate impacts of SLCPs and long-lived gases (such as carbon dioxide (CO2)). It reports that although simple metrics are commonly used to assess the relative impact of different pollutants (e.g. under the Kyoto Protocol), metric “values are very dependent on metric type and time horizon”, especially in comparing SLCPs and CO2. The AR5 therefore does not endorse any single metric or time horizon as preferable for characterizing the impacts of pollutants, instead concluding that impact analyses need to consider multiple endpoints, such as both near-term and long-term climate change and rates of climate change. These conclusions imply that SLCPs should not be traded against CO2 as any method to establish ‘equivalence’ in a particular impact would not hold for other impacts, and they support the CCAC’s focus on SLCPs as complimentary to, but not substituting for, actions to reduce CO2 emissions.
The AR5 also features a Frequently Asked Question (FAQ 8.2) “Do Improvements in Air Quality Have an Effect on Climate Change?” It concludes that they do, and illustrates the effects that both ozone and particulate matter pollution controls may have on climate (see Figure 1). It also notes “controls on anthropogenic emissions of methane to lower surface ozone have been identified as ‘win–win’ situations”, with the ‘wins’ referring to improved air quality and reduced climate change. These conclusions broadly support the foci of the CCAC.
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Figure 1, showing that ozone and particulate matter controls affect individual pollutant emissions and how those changes in turn influence climate. Solid black lines indicate known processes; dashed lines indicate possible processes (not net impacts). Reprinted from IPCC AR5, Chapter 8, FAQ 8.2.



Technical Summary of SLCPs in AR5 WGI
IPCC AR5 discusses all the factors driving climate change, including the many natural and anthropogenic emissions of gases, aerosols and their precursors. This brief discusses the anthropogenic emissions. These emissions are grouped into two categories (Box 8.2): (1) well-mixed greenhouse gases (WMGHG) and (2) near-term climate forcers (NTCF), with methane being included in both categories. The AR5 term ‘near-term climate forcers’ is equivalent to short-lived climate pollutants (and was used as the scientific community has not traditionally considered methane to be short-lived).
	The radiative forcing (RF) over the industrial era (1750 to 2011) is one of the many aspects of SLCPs evaluated in AR5 (Section 8.5). While this is a common way to compare the impact of various historical emissions, industrial-era RF does not relate directly to historical climate change or to the feasibility of future emissions mitigation. It is, however, relevant to the SLCP issue in that the total forcing has been used in many key studies of SLCP mitigation as a way to contextualize those results. For example, the fraction of a pollutant removed by a given emissions control measure has been analyzed, with the impact assessed according to that fraction and the best estimate of total forcing by that pollutant. Hence it is relevant to compare the AR5 values with AR4 to characterize changes in understanding of the total impact of particular pollutants on RF, and to compare with the 2011 UNEP/WMO Integrated Assessment of Tropospheric Ozone and Black Carbon to gauge the effects of the new AR5 values on prior SLCP mitigation estimates. The new AR5 values are generally fairly similar to those in the other Assessments, although values for both warming and cooling carbonaceous aerosols are greater, especially for fossil+biofuel emissions, due to improved understanding of aerosol properties and model biases (consistent with the conclusions in studies such as Bond et al., JGR, 2013, which is one of the many studies assessed in AR5). In particular, the net total impact of black and organic carbon (direct, non-microphysical or ‘semi-direct’ cloud response and BC albedo) is almost the same in AR5 (0.37 W m-2) as in UNEP/WMO (0.40 W m-2), as is the effect of methane (Table 1). Note that uncertainties in carbonaceous aerosol forcing remain quite large, especially accounting for their full impact on clouds (including microphysical or ‘indirect’ effects, which are not included in the AR5 values). This can lead to even larger values when those effects are included (e.g. Bond et al., JGR, 2013). While their contribution remains quite small, the RF of all HFCs nearly doubled between AR4 and AR5, from 0.01 to 0.02 W m-2, due to increases in their abundance.
The portion of the AR5 that is probably the most relevant to SLCP mitigation policies is the evaluation of metrics (Section 8.7). The AR5 highlights that “The choice of metric and time horizon depends on the particular application and which aspects of climate change are considered relevant in a given context.” The AR5 therefore does not favor a particular time horizon or metric, reflecting the fact that pollutants have multiple impacts and hence any single metric or time cannot be comprehensive. It points out that “the name ‘Global Warming Potential’ may be somewhat misleading” as “the GWP does not lead to equivalence [with CO2] for temperature or other climate variables”.                                     



Table 1. Industrial Era RF attributed to emissions (W m-2) in recent Assessments
	
	AR4
	AR5
	UNEP/WMO 2011

	BC fossil & biofuel
	+0.20 (+0.05 to +0.35)
	+0.40 (+0.05 to +0.80)
	

	OC fossil & biofuel
	–0.05 (0.00 to –0.10)
	–0.09 (–0.16 to –0.03)
	

	Biomass burning BC & OC
	+0.03(–0.09 to +0.15)
	–0.0 (–0.20 to +0.20)
	

	BC all
	0.34 (0.09 to 0.59)
	0.54 (0.10 to 1.03)
	0.45 (0.30 to 0.60)

	OC all
	-0.19 (+0.01 to -0.39)
	-0.29 (-0.11 to -0.50)
	-0.20 (-0.09 to -0.31)

	BC albedo
[effective]
	0.1 (0.0 to 0.2)
	0.04 (0.02 to 0.09)
[~0.12]
	0.03 (0.01 to 0.05)
[~0.15]

	CO
	N/A
	0.23 (0.17 to 0.29)
	~0.25

	Methane
	0.86
	0.97 (0.81 to 1.13)
	~0.99


Aerosol forcings are direct (RFari) only except for the AR5 and UNEP values for total BC which include non-microphysical cloud responses (ERFari-RFari). The remaining RF due to aerosol-cloud interactions (ERFaci) was not separated into components in AR5. Values for BC albedo forcing in brackets include an adjustment for the enhanced efficacy of this process. For UNEP/WMO, the ‘central ranges’ were use in most calculations, and so are given here, but full ranges that are similar to those in AR5 were also reported. Ozone is not shown as it is not directly emitted, but substantial portions of the forcing due to CO and methane emissions are attributable to the resulting ozone formation. AR5 sources: Table 8.4; Sections 7.5 & 8.3; Tables 8.SM.6 & 8.SM.7.

It also discourages the use of CO2 equivalence, stating “a metric that establishes equivalence with regard to one effect cannot guarantee equivalence with regard to other effects and over extended time periods”.
After stressing the need for careful interpretation and usage of emission metrics, the AR5 then presents updated values (Section 8.7). An important bias in prior metric calculations is discussed in that whereas “the GWP for the reference gas CO2 included climate–carbon feedbacks, this is not the case for the non-CO2 gas in the numerator of GWP. This means that the GWPs presented in AR4 may underestimate the relative impacts of non-CO2 gases.” The impacts in broad terms are described as follows, using the 100-yr GWP as an example: 
“The effect of including this feedback for the non-reference gas increases with time horizon due to the long-lived nature of the initiated CO2 perturbation. The relative importance also increases with decreasing lifetime of the component, and is larger for GTP than GWP due to the integrative nature of GWP. We calculate an increase in the CH4 GWP100 of 20%. For GTP100, however, the changes are much larger; of the order of 160%. For the shorter time horizons (e.g., 20 years) the effect of including this feedback is small (<5%) for both GWP and GTP.”

Factors such as advances in characterizing indirect impacts of emissions also influence the final metric values. An example of the end results is the GWP values for fossil methane, which are 87 and 36 for the 20- and 100-year time horizons, respectively.
	Metrics for SLCPs other than methane are also discussed, with the difficulty in determining metric values for emissions from different locations noted; e.g. for BC “there is not a robust relationship between the region of emission and the metric value”. A general conclusion on metrics in AR5 is that 

“The confidence level is lower for many of the NTCF compared to WMGHG and much lower where aerosol–cloud interactions are important ”. Nonetheless, tables of quantitative values for SLCPs are included, though these typically exclude aerosol indirect effects and a best estimate is not given other than for methane and HFCs.
Turning to climate change projections, the AR5 highlights the difficulty in forecasting emissions. In particular, it notes that “The effects of aerosols have a regional nature and are thus dependent on the future sources of pollution which are likely to vary geographically in the future and be difficult to predict”. Referring to the emissions scenarios from recent Integrated Assessment Models that are the primary source of scenarios for IPCC, the AR5 points out that “The scenarios emphasized in this assessment … all assume a continuation of current trends in air pollution policies and thus do not cover the range of future pollutant emissions found in the literature, specifically those with higher pollutant emissions”. This leads to very similar SLCP projections (other than methane) in all the scenarios. For example, the range in SO2 emissions across the scenarios is 17% at 2030, while it is 60% between previously published ‘current legislation’ and ‘maximum feasible reduction’ scenarios (Section 11.3). This assessment thus indicates that great care should be used in interpreting the impacts of emissions mitigation based on the particular reference scenario with which the mitigation policy is being compared.
The influence of the spatially inhomogeneous RF from SLCPs is discussed fairly extensively in AR5 (Section 8.6), which examines a substantial body of new work since AR4. AR5 concludes that work linking particular climate responses to the RF pattern is still in it early stages, but that there is confidence in several “qualitative but robust features, such as the damped warming of the NH and shifting of [tropical rainfall] from aerosols”.
	While Working Group III will examine mitigation option in detail, Working Group I presents an analysis of the effect of current emissions by pollutant and by sector (Section 8.7). These perspectives are adopted to provide more policy-relevant information than analysis of forcing due to concentration changes (as highlighted, e.g., in AR4) since it is emissions rather than concentrations that can be directly addressed by policy, while the analysis by sectors acknowledges that activities often emit multiple pollutants. AR5 finds that “A single year’s worth of current global emissions from the energy and industrial sectors have the largest contributions to warming after 100 years. Household fossil fuel and biofuel, biomass burning and on-road transportation are also relatively large contributors to warming over 100-year time scales. Those same sectors, along with sectors that emit large amounts of methane (animal husbandry, waste/landfills and agriculture), are most important over shorter time horizons (about 20 years)” (see Figures). The AR5 notes, however, that for some sectors that emit multiple pollutants the “combined climate impact can be difficult to ascertain”.
The varying temperature response through time highlights the limitations of focusing solely on a value such as the preindustrial to present-day forcing. It is also clear that the impact of sustained emissions changes can be quite different from a short-term emission change (see Figure 2), so that analysis of the effects of emissions mitigation is quite sensitive to the assumed reference emissions in absence of mitigation (a topic that will be explored further in WGIII). Particular attention is also called to the role of methane in future air quality, for example in the conclusion that “By 2100, surface ozone increases by about 8 parts per billion globally in the doubled-methane scenario (RCP8.5) relative to the stable-methane pathways (RCP4.5/6.0; high confidence).” (Section 11.3).
This briefing on the results of Working Group I will be complemented by summaries of the SLCP-related results of WGII and WGIII after their release.
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Figure 2, showing temperature impact of all current anthropogenic emissions in each sector in terms of the effect of a single year’s worth of emissions (a pulse, upper panel) or continuous present-day emissions (sustained, lower panel). Reproduced from IPCC AR5, Figures 8.SM.9 and 8.SM.10.
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GLOSSARY
[bookmark: _GoBack]Aerosol A suspension of airborne solid or liquid particles, with a typical size between a few nanometres and 10 μm that reside in the atmosphere for at least several hours. For convenience the term aerosol, which includes both the particles and the suspending gas, is often used in this report in its plural form to mean aerosol particles. Aerosols may be of either natural or anthropogenic origin. Aerosols may influence climate in several ways: directly through scattering and absorbing radiation and indirectly by acting as cloud condensation nuclei or ice nuclei, modifying the optical properties and lifetime of clouds.
Biomass The total mass of living organisms in a given area or volume; dead plant material can be included as dead biomass. Biomass burning is the burning of living and dead vegetation.
Black carbon (BC) Operationally defined aerosol species based on measurement of light absorption and chemical reactivity and/or thermal stability. It is sometimes referred to as soot
Global Temperature change Potential (GTP) The GTP is the ratio of change in global mean surface temperature at a chosen point in time from the substance of interest relative to that from CO2 and is defined as the change in global mean surface temperature at a chosen point in time in response to an emission pulse—relative to that of CO2.  Whereas GWP integrates the effects up to a chosen time horizon (i.e., giving equal weight to all times up to the horizon and zero weight thereafter), the GTP gives the temperature just for one chosen year with no weight on years before or after.
Global Warming Potential (GWP) An index, based on radiative properties of greenhouse gases, measuring the radiative forcing following a pulse emission of a unit mass of a given greenhouse gas in the present day atmosphere integrated over a chosen time horizon, relative to that of carbon dioxide. The GWP represents the combined effect of the differing times these gases remain in the atmosphere and their relative effectiveness in causing radiative forcing. The Kyoto Protocol is based on GWPs from pulse emissions over a 100-year time frame.
Halocarbons A collective term for the group of partially halogenated organic species, which includes the chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), halons, methyl chloride and methyl bromide. Many of the halocarbons have large Global Warming Potentials. The chlorine and bromine-containing halocarbons are also involved in the depletion of the ozone layer.
Near-term climate forcers (NTCF) NTCF refer to those compounds whose impact on climate occurs primarily within the first decade after their emission. This set of compounds is primarily composed of those with short lifetimes in the atmosphere compared to well-mixed greenhouse gases, and has been sometimes referred to as short lived climate forcers or short-lived climate pollutants (SLCP). However, the common property that is of greatest interest to a climate assessment is the timescale over which their impact on climate is felt, and hence they are referred to as NTCF in the IPCC AR5. This set of compounds includes methane, which is also a well-mixed greenhouse gas, as well as ozone and aerosols, or their precursors, and some halogenated species that are not well-mixed greenhouse gases. These compounds do not accumulate in the atmosphere at decadal to centennial timescales, and so their effect on climate is predominantly in the near term following their emission.
Ozone Ozone, the triatomic form of oxygen (O3), is a gaseous atmospheric constituent. In the troposphere, it is created both naturally and by photochemical reactions involving gases resulting from human activities (smog). Tropospheric ozone acts as a greenhouse gas. In the stratosphere, it plays a dominant role in radiative balance and shields the Earth from excessive ultraviolet radiation. 
Particulate Matter (PM) Air Pollution PM is a widespread air pollutant, consisting of a mixture of solid and liquid particles suspended in the air. Commonly used indicators describing PM that are relevant to health refer to the mass concentration of particles with a diameter of less than 10 µm (PM10) and of particles with a diameter of less than 2.5 µm (PM2.5). The health effects of inhalable PM are well documented. They are due to exposure over both the short term (hours, days) and long term (months, years) and include: respiratory and cardiovascular morbidity, such as aggravation of asthma, respiratory symptoms and an increase in hospital admissions, and mortality from cardiovascular and respiratory diseases and from lung cancer. Recently, the exhaust from diesel engines (consisting mostly of particles) was classified by the International Agency for Research on Cancer as carcinogenic (Group 1) to humans.
Radiative forcing Radiative forcing is the change in the net, downward minus upward, radiative flux (expressed in W m–2) at the tropopause or top of atmosphere due to a change in an external driver of climate change, such as, for example, a change in the concentration of carbon dioxide or the output of the Sun. The traditional radiative forcing is computed with all tropospheric properties held fixed at their unperturbed values, and after allowing for stratospheric temperatures, if perturbed, to readjust to radiative-dynamical equilibrium. The radiative forcing once rapid adjustments are accounted for is termed the effective radiative forcing. For the purposes of this report, radiative forcing is further defined as the change relative to the year 1750 and, unless otherwise noted, refers to a global and annual average value.
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