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Summary 
o Black Carbon (BC) has a strong influence on radiative forcing, affecting the climate globally and

regionally, and is responsible for a significant proportion of the global forcing to date. BC deposited
on the cryosphere leads to enhanced melting rates and can affect the intensity and distribution of
precipitation.

o Black carbon, and co-emitted substances from key sources, form a significant fraction of ambient
fine particulate matter (PM2.5), which is the most important global environmental health risk.

o The development of emission inventories of black carbon and co-emitted substances is important
in estimating the net impacts of measures addressing BC on climate and human health. The rate of
near-term global warming can be influenced by implementing key measures to limit the emission
and formation of Short-Lived Climate Pollutants (SLCPs). The Climate and Clean Air Coalition (CCAC)
has undertaken actions to promote mitigation action on SLCPs, including BC.

o The CCAC is promoting emission inventories of BC and co-emitted pollutants by countries that can
provide a basis for evaluation of benefits across relevant sectors, to develop plans to reduce
emissions. This is being implemented with partner countries of CCAC, within the initiative
‘Supporting National Action and Planning on SLCPs’ (SNAP) using the LEAP-IBC (Long-range Energy
Alternatives Planning- Integrated Benefits Calculator) tool.

o The emission inventory approaches in LEAP-IBC are based to a large extent on European
Monitoring and Evaluation Programme/European Environment Agency (EMEP/EEA) Emissions
Inventory Guidebook for non-GHGs, and for GHGs, the Intergovernmental Panel on Climate Change
(IPCC) Guidelines for Greenhouse Gas Inventories. A default emission factor dataset used by this
tool is available on line.

o The IPCC has not yet undertaken development of emission inventory guidance on non-GHGs,
including BC. The EMEP/EEA Guidebook has included default emission factors for BC since 2013 but
tends to focus on sources of relevance to industrialised countries.

o There is a need for improved emission factors associated with sources more prevalent in the
developing world, such as biomass cookstoves, traditional brick kilns, and open-burning of solid
waste. There are large uncertainties in emission estimates of BC and other components of PM from
such sources for a range of reasons, including poor characterisation of emissions from sources
typical of developing countries.

o Issues around the definition and measurement of BC versus elemental carbon (EC) introduce
additional uncertainty, although this is likely to small compared to the uncertainty around emission
factors and activity data.

o Focussing on ‘uncertainty’ is a problem if important, though uncertain, information is ignored in
public debate and policy-making. The uncertainties in BC emission estimation may be relatively
large, but such uncertainties are also inherent in emissions estimates for nitrous oxide and
methane, which has not prevented these substances from being included in the IPCC guidelines.
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o The 2005 report of the IPCC Expert Meeting on Emission Estimation of Aerosols Relevant to Climate 
Change, stated that “it is not possible, at this stage, to reliably produce internationally comparable 
national emission estimates…”. Since then, internationally comparable BC emission inventories for 
European countries have been compiled and reported under the auspices of the UN-ECE CLRTAP. 
Also, within the SNAP initiative of the CCAC, countries are producing emission inventories of 
pollutants (including BC) using the LEAP-IBC tool which provides a standardised approach and 
includes fully referenced default emission factors. 

o There is an urgent need for the development of authoritative emission inventory guidance on 
short-lived climate forcers, including BC, to promote internal consistency between GHGs emission 
inventories and non-GHGs emission inventories, within and across the various assessments 
(including IPCC’s).   

o A comprehensive, transparent (fully referenced), on-line emission factor database (for BC, OC and 
other co-emitted substances, including CO2) for use globally, is required to drive improvements in 
the quality of BC and co-emitted pollutant emission inventories and to reduce the uncertainty. 

This briefing report provides a basis for feedback and discussion aimed to agree on a way forward for 
the development and improvement of national black carbon emissions inventories. 

 

The Importance of Undertaking Emission Inventories for Sources of Black 
Carbon 
Black carbon (BC) is emitted during the incomplete combustion of fossil fuels and biomass. It forms 
part of the ambient fine particulate matter, characterized as PM2.5. The sources of BC are also sources 
of other components of PM2.5, including other directly emitted particles – organic carbon and PM2.5 of 
mineral origin – and the gases sulfur dioxide (SO2), nitrogen oxides (NOX) and ammonia (NH3) which 
react in the atmosphere to form nitrate, sulphate and ammonium which constitute the secondary 
inorganic fraction of the PM2.5 burden. The sources can be either natural or anthropogenic. The World 
Health Organization (WHO) has declared PM2.5 concentrations the most important global 
environmental health risk and has issued recommendations to countries to lower ambient 
concentrations (WHO, 2016). Various studies have considered the health impact of BC in relation to 
other components of PM2.5 and suggest that BC may have larger effects than undifferentiated PM2.5 
(e.g. Smith et al., 2009). In studies taking BC and PM2.5 into account simultaneously, associations are 
robust for BC according to the assessment made by WHO/EU-REVIHAAP (2013). Black Carbon is 
carcinogenic and has other deleterious health effects, e.g. to the cardiovascular system, and is linked to 
premature deaths (Dominici et al., 2006; EPA, 2009; WHO/EU-REVIHAAP, 2013).  

On average, BC-containing particles comprise around 10% of PM2.5 mass in ambient air (Christoforou et 
al., 2000; Chow et al., 2002; Viidanoja et al., 2002; Baumgardner et al., 2007, Chow et al., 2011; Chen et 
al., 2014; Briggs and Long, 2016), but it can reach up to 30% depending on the location and dominant 
sources (e.g. residential heating/cooking with solid biomass fuel, Gramsch et al., 2014). Implementing 
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specific measures to reduce BC emissions from key sources, both in the urban and rural environments 
is desirable to protect human health. This is achieved through the reduction in BC itself as well as the 
emissions giving rise to other components of PM2.5. Understanding the impacts of any measure 
requires the estimation of emissions of BC and co-emitted pollutants. 

Black carbon has a strong influence on radiative forcing, affecting the climate globally, as well as a 
strong regional signature and is responsible for a significant proportion of the forcing to date (Bond et 
al., 2013; IPCC, 2013). Many papers and reports highlight significant BC contribution to changes in 
surface temperature and the vertical structure of temperature in the atmosphere, leading to changes 
in weather patterns and affecting regional precipitation (Ramanathan and Carmichael, 2008; IPCC, 
2013). Studies have also documented the impact of BC deposited on the cryosphere, leading to 
enhanced melting rates (IPCC, 2013). 

Studies have indicated the potential to reduce the rate of near-term warming by implementing key 
measures to limiting the emission and formation of Short-Lived Climate Pollutants (SLCPs) 
(UNEP/WMO 2011; Shindell et al. 2012). The Climate and Clean Air Coalition (CCAC) has undertaken to 
promote mitigation action on SLCPs, including BC. The other SLCPs in focus are methane, tropospheric 
ozone and hydrofluorocarbons. Further, CCAC activities aim to promote a ‘Multiple Benefits Pathway’ 
approach towards achieving the temperature targets. Such an approach will provide the greatest 
benefits to sustainable development, such as through avoided health and crop yield impacts, and at 
the same time reduce climate impacts due to the avoided cumulative warming that will result from 
implementing SLCP and greenhouse gas (GHG) mitigation strategies. 

As part of these activities, CCAC is promoting the development of emission inventories of BC and co-
emitted pollutants that can provide a basis for evaluation across countries and relevant sectors, from 
which actions can be planned to reduce emissions.  This is being implemented with partner countries 
of CCAC, using the LEAP-IBC tool (see Section 6) within the SNAP Initiative – or ‘Supporting National 
Action and Planning on SLCPs’. The emission inventory approaches in this tool are based to a large 
extent on European Monitoring and Evaluation Programme/European Environment Agency 
(EMEP/EEA) guidance for non-GHGs and Intergovernmental Panel on Climate Change (IPCC) guidance 
on GHGs. The IPCC has not yet undertaken development of emission inventory guidance on non-GHGs, 
including BC. Guidance covering all short-lived climate forcers is likely to improve the internal 
consistency between GHGs emission inventories and climate forcing-non-GHGs emission inventories, 
within and across the various assessments and mitigation strategies, and improve integration and 
comparability in terms of the emissions inputs into the various models. 

Quantifying impacts of implementing emission reduction strategies on sources of BC, and for the 
Multiple Benefits Pathway approach to be mainstreamed into policies and action, requires that 
countries are provided with authoritative guidance on how to compile emission inventories for BC, and 
for the co-emitted pollutants that affect both air quality and climate. 
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Characterising Black Carbon Emissions 
The term ‘black carbon’ is used to represent primary particles emitted during the incomplete 
combustion of fossil fuels and biomass from different source sectors. The black carbon particles are 
composed mainly of carbon, and are measured by using optical absorption measurement techniques. 
The term ‘elemental carbon’ (EC) is also used extensively, which is based on a thermal classification of 
particles containing carbon. The use of these different metrics in the Convention on Long-Range 
Transboundary Air Pollution’s (CLRTAP) ‘EMEP/EEA Emissions Inventory Guidebook’ is explained in 
Section 5.1 Black Carbon is never emitted alone, since other gases and aerosol components are also 
emitted during the combustion process. The co-emitted gases include carbon monoxide (CO), methane 
(CH4), non-methane volatile organic compounds (NMVOCs), and nitrogen oxides (NOX made up of NO2 

& NO), all ozone (O3) precursors, as well as other GHGs (CO2, N2O). Also, BC can be co-emitted with 
other primary carbonaceous particles (organic carbon (OC)) and inorganic gases precursors (SO2, NOx 
and NH3) of secondary PM2.5. Some of these components warm the atmosphere (CO2, CH4, BC, nitrous 
oxide (N2O), whereas others cool the atmosphere (SO2, OC, NOX, NH3), and whilst CO2 and N2O are long 
lived, the remainder, including BC are relatively short-lived in the atmosphere. Understanding the 
emissions of each pollutant is needed to understand the net influence on temperature of combined 
emissions from a source, or of a mitigation measure applied to the source. 

There have been several attempts to characterize BC emissions in different countries and globally (e.g. 
EPA, 2011; ECCC, 2017; Jacobson, 2001, 2002; Bond et al., 2004; Klimont et al., 2017; Evans et al., 
2017; Hoesly et al., 2018, Zheng et al., 2018). The Convention on Long-range Transboundary Air 
Pollution encourages parties to the Convention to estimate BC emissions. These emission inventories 
show that the highest contributing sectors that emit BC can be broadly categorized as: transportation, 
industrial sources, residential cooking and heating and open burning (forest and savanna fires, 
agricultural residues and solid waste). 

Transportation has been a rapidly increasing sector for BC emissions due to economic development in 
many regions of the world and is expected to continue growing over the next decades (Yan et al, 2014). 
Black carbon emissions in this sector arise primarily from diesel engines in on- and off-road vehicles, 
ships and generators. Improvements in control technologies and fuel quality (Cofala et al., 2007; 
Klimont et al., 2009) have gradually led to reductions in the emissions intensity. 

Industrial sources include artisanal brick production using different types of kilns that can range 
broadly in emissions, depending on their structure and on the fuel used. Artisanal brick kilns and coke 
ovens are used primarily in the developing world (Rajarathnam et al., 2014). Also flaring of waste gas 
during extraction and processing of crude oil and natural gas are key sources of BC. 

Residential heating and cooking using solid fuel, such as coal and biomass, including dung, are 
important sources of BC emissions in the developing world. Further sources include forest and 

                                                            
 

1 https://www.eea.europa.eu/publications/emep-eea-guidebook-2016 
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savannah fires, burning of agricultural residues in fields and burning of solid municipal waste at waste 
dumps or dispersed across cities. 

Emission inventories for BC and co-emitted substances have been undertaken at different scales from 
global to urban. Bond et al. (2004, 2007) produced some of the earliest BC emission estimates and the 
publication of the ‘Bounding Black Carbon’ review updated these in 2013 (Bond et al., 2013). The 
International Institute for Applied Systems Analysis (IIASA) has used the Greenhouse Gas and Air 
Pollution Interactions and Synergies (GAINS) model to develop global emissions of BC and all co-
emitted air pollutants. The current emission inventory version is ECLIPSE V5a (Klimont et al, 2017), 
which estimates emissions for 172 countries. This emission dataset includes particulate matter 
emissions as mass-based size distribution (PM1, PM2.5 and PM10), as well as primary carbonaceous 
aerosols (BC and organic carbon, OC). The IIASA GAINS model was used to provide the emission 
scenarios used in the UNEP-WMO (United Nations Environment Programme – World Meteorological 
Organization) assessment of black carbon and tropospheric ozone (UNEP/WMO, 2011), and has since 
been used globally in an OECD (Organisation for Economic Co-operation and Development) study of 
the economic impacts of air pollution (OECD, 2016), and in regional assessments in Latin America 
(CCAC-LAC, 2018). The IIASA GAINS is currently supporting a regional assessment in Asia. Another 
widely used global database is EDGAR (Emission Database for Global Atmospheric Research) developed 
by the Joint Research Centre of the European Commission and Netherlands Environmental Assessment 
Agency. The most recent EDGAR v4.3.2 dataset covers, in addition to GHGs, emissions of all gaseous 
and particulate air pollutants, including BC and OC, over the period 1970–2012 (Crippa et al., In review, 
2018). All human activities, except large-scale biomass burning and land use, land-use change and 
forestry, are included in the emissions calculation. The bottom-up compilation methodology of sector-
specific emissions was applied consistently for all world countries, providing methodological 
transparency and comparability between countries. The Peking University (PKU) inventory is another 
example of a global, bottom-up emissions inventory. It covers 11 pollutants including BC, OC, and most 
other SLCFs other than CH4, from 1960-2014 and spans 64 individual source categories including great 
detail in the residential sector.2 

 

                                                            
 

2 http://inventory.pku.edu.cn/download/download.html 

http://inventory.pku.edu.cn/download/download.html
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Figure 1 above, taken from Bond et al (2013), illustrates BC emission sources for different regions of the world 
and it highlights the differences is emission estimates by various models: SPEW, GAINS and RETRO. 

In addition, national scale BC emission inventories are being undertaken in the UN Economic 
Commission for Europe (UNECE) countries which are parties to CLRTAP (see Sections 3, 4 and 5 below), 
and within the Commission for Environmental Cooperation (CEC) countries of North America. 
Developing countries engaged with the CCAC are also compiling BC inventories as part of their national 
SLCP planning (See Section 6). The only internationally recognized guidance for BC emissions 
inventories, outside of North America, is the EMEP/EEA Emissions Inventory Guidebook, focusing on 
sources typical of industrialised UNECE countries. The IPCC Guidelines (IPCC, 2006) refer to this in 
relation to characterizing emissions of BC and other air pollutants. The Long Range Energy Alternatives 
Planning system-Integrated Benefits Calculator (LEAP-IBC) tool uses default emission factors from 
these two guidance document, but also adds factors from the peer-reviewed literature for emission 
sources not specifically included in the EMEP/EEA Emissions Inventory Guidebook, and for pollutants 
not extensively covered - especially organic carbon (OC). 

There are uncertainties in emission inventories for all pollutants, (See Section 5). Uncertainties are 
greater for BC and organic carbon (OC) compared with other pollutants, and the characterisation of 
emissions from sources typical in developing countries of Asia, Latin America and Africa is not 
widespread, leading to higher uncertainty of emissions from these sources. Data and limited guidance 
are currently available to allow initial emission estimates to be determined. However, globally, there is 
a need for an authoritative and systematic appraisal of emission and activity data to give the best 
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advice to countries, regions, cities and sectors that wish to develop quantitative assessments of BC and 
co-emitted pollutants, particularly if the emissions inventory is to be used to underpin policy 
development and implementation.  

 

Compiling Emission Inventories 
Emission inventories are generally estimated by multiplying emission factors by activity data. An 
‘emission factor’ represents the mass of pollutant emitted per unit of activity, as opposed to total 
emissions. The term ‘activity data’ indicates a quantitative measure of an event that leads to emission, 
such as the quantity of fuel burned, product manufactured, or kilometres driven. In practice, the 
calculations may be more complex, for example, a range of factors may have to be considered to 
derive the final emission factor (such as different appliance types used in the residential sector, 
emissions control equipment used in industry etc. 

There are two main internationally-recognized sources of information on emission inventory 
preparation methods and emission factors: 

o The IPCC Guidelines for Greenhouse Gas Inventories (IPCC, 2006) provides methods for 
estimating emissions of the major GHGs including CO2, CH4 and N2O. However, the IPCC 
Guidelines do not provide methodologies for estimating emissions of non-GHGs, e.g. BC that 
has an impact on climate. The IPCC refers the inventory compiler to the EMEP/EEA Emissions 
Inventory Guidebook (see below) as the best source of information for estimating emissions of 
non-GHGs. 

o The ‘EMEP/EEA Emissions Inventory Guidebook’ is produced under the European Monitoring 
and Evaluation Programme3 (EMEP) within the CLRTAP. The Guidebook includes information on 
the emission of air pollutants, which are associated with a range of adverse impacts, such as: 
acidification, eutrophication, ozone formation, and human and ecosystem exposure to 
hazardous substances. It therefore includes emission factors for primary particulate matter 
(TSP, PM10 and PM2.5) and BC (currently expressed as a percentage of the PM2.5). The current 
version of the EMEP/EEA Emissions Inventory Guidebook does not include a complete set of 
emission factors for OC, although some of the sectoral chapters contain information on carbon 
speciation as an annex. The EMEP/EEA Emissions Inventory Guidebook cross-refers to the IPCC 
Guidelines for estimating emissions of GHGs. 

The level of detail with which an inventory can be complied depends on the level of disaggregation of 
the available activity data as well as the availability of suitable emission factors. For example, for fuel 

                                                            
 

3 EMEP is the co-operative programme for monitoring and evaluation of the long-range transmission of air pollutants in 
Europe. It is a scientifically based and policy driven programme under the UN Economic Commission for Europe (UNECE) 
Convention on Long-range Transboundary Air Pollution (CLRTAP). 
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combustion in the Public electricity generation sector, the EMEP/EEA Emissions Inventory Guidebook 
provides a simple Tier 1 approach in which the default emission factors assume an average, or typical 
technology and abatement implementation in the sector. Where data on fuel combustion in the sector 
are available, disaggregated by specific combustion technology and abatement techniques, then a 
more detailed Tier 2 method may be applied using the technology-specific default emission factors. 
Where facility-level emissions data of sufficient quality are available, the EMEP/EEA Emissions 
Inventory Guidebook also describes a more detailed Tier 3 approach.  Where the appropriate and 
reliable data exist, it can be assumed that the higher Tier methods will give the more accurate 
emissions estimates. 

The EMEP/EEA Emissions Inventory Guidebook has been compiled to meet the needs of Parties to the 
CLRTAP, and consequently there is a focus on sources commonly found in industrialized countries. The 
methodologies within the EMEP/EEA Emissions Inventory Guidebook therefore have important 
limitations when being used for compiling inventories for developing countries - where technologies 
and practices may differ radically from those used in industrialized countries. Sources that are common 
in developing countries that are either not well characterised or not included in the Guidebook include: 

o Domestic biomass combustion (especially in traditional cookstoves) 

o Open-burning of municipal solid waste 

o Crop residue open-burning in the field  

o Traditional brick kilns 

o Forest fires and savanna burning 

o Traditional coke ovens 

o Charcoal making 

o Flaring from oil gas production 

Inventory compilers for countries outside the UNECE region (comprising primarily North America and 
Europe) must therefore look to other sources, e.g. from local research and in the literature, for 
extracting the relevant emission factors. 

Another limitation of the EMEP/EEA Emissions Inventory Guidebook is its limited provision of emission 
factors for OC. As pointed out earlier, emissions of the co-emitted pollutants, including OC, must also 
be quantified if the net impact of BC sources on climate and air quality is to be assessed. In Section 6 
the emission calculations using LEAP-IBC are explained, and there is an on-line appendix to this report 
showing default emission factors used by LEAP-IBC that can be applied to different sources. This tool 
heavily relies on the EMEP/EEA Emissions Inventory Guidebook and IPCC Guidelines, but also on other 
reference sources, such as for OC emission factors.  

The Commission for Environmental Cooperation (CEC, 2015) has published guidelines to estimate BC 
emission inventories across Canada, the United States and Mexico. These guidelines provide a 
consistent set of methods to improve the accuracy of North American BC emission inventories, to 
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establish baselines and to determine mitigation strategies.  These guidelines follow the format of IPCC 
(2006) and EMEP/EEA (2013) guideline documents. For nearly all emission sectors, BC emission 
inventories are derived from underlying PM2.5 emission inventories. The methods and data sources 
used for PM2.5 and a speciation factor form the basis of the recommended BC emission inventory 
guidelines. The guidelines incorporate emission factors for sources that are important for developing 
countries such as open fires, agricultural burning, residential cooking (for a variety of fuel types) and 
burning of solid waste.  The CEC report acknowledges the need for continuous improvement of 
speciation factors for BC accounting for light-absorbing properties and aligning these factors with the 
level of detail found in underlying PM emission factors.  

 

Uncertainties in Emission Inventories 
Uncertainty estimates are an essential element of a complete emission inventory. Although the 
statistical methods described below are intended to estimate uncertainties in the final inventory, it is 
important to recognize that uncertainties that are not addressed by these approaches may also exist 
(IPCC, 2006). This includes uncertainties arising from omissions (e.g. an important emission source was 
missed), double-counting (e.g. industrial fuel combustion emissions counted under both energy 
consumption and process emissions), other conceptual errors, or incomplete understanding of the 
emission processes. Simple mistakes such as transcription errors or using the wrong units can 
introduce further uncertainty - although quality assurance and quality control (QA/QC) procedures 
should minimize these.  

The IPCC (2006) Guidelines draw attention to eight broad causes of uncertainty that the inventory 
developer should recognize: 

o Lack of completeness: Measurement or other data are not available because the process is 
either not yet recognized or a measurement method does not yet exist.  

o Model: Models can be as simple as a constant multiplier (e.g. an emission factor) and increase 
in complexity, such as for complicated process models. These can introduce uncertainty if the 
form of bias or random error for a wide range of reasons.  

o Lack of data: In some situations, there may not yet be data available to characterise a particular 
emission and so proxy (or surrogate) data for analogous or similar categories may have to be 
used. 

o Lack of representativeness of data: This source of uncertainty is associated with lack of 
complete correspondence between conditions associated with the available data and the 
conditions associated with real-world emissions or activity. For example, emissions factors 
developed in one country/region are applied to a different country/region where the 
technology is very different. Lack of representativeness typically leads to bias. 
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o Statistical random sampling error: This source of uncertainty is associated with data that are a 
random sample of finite size and typically depends on the variance of the population from 
which the sample is extracted and the size of the sample itself (number of data points).  

o Measurement error: May be random or systematic and results from errors in measuring, 
recording and transmitting information. 

o Misreporting or misclassification: Uncertainty here may be due to incomplete, unclear, or faulty 
definition of an emission. This cause of uncertainty typically leads to bias. It can be reduced by 
QA/QC procedures. 

o Missing data: Uncertainties may result when measurements were attempted but no value was 
available, such as when measurements are below the detection limit. This cause of uncertainty 
can lead to both bias and random error. 

Another possible source of uncertainty, specific to BC, relates to technical definitions and terminology 
of BC derived from various measurement techniques. Black carbon has been used for many years as a 
catch-all term to describe a variety of types of carbonaceous particles (Lack et al., 2014). Petzold (2013) 
clarified definitions of carbonaceous particles including BC, elemental carbon (EC) and recommends 
using ‘BC’ as a descriptive term referring to light-absorbing carbonaceous particles whilst EC refers to 
particles that are measured using evolved gas analyzers. In practice, BC and EC are mostly treated as 
equal. 

‘Black Carbon’ was selected as the term identified within the CLRTAP Gothenburg Protocol, with the 
requirement that Parties develop emission inventories and projections for BC. However, the majority 
of BC emission factors (EFs) reported in the EMEP/EEA Emissions Inventory Guidebook are EC EFs, 
which introduces further uncertainty. 

Both the EMEP/EEA Emissions Inventory Guidebook and IPCC Guidelines recommend that uncertainty 
should be expressed as the 95% confidence interval - which is specified by the confidence limits 
defined by the 2.5 percentile and 97.5 percentile of the cumulative distribution function of the 
estimated quantity. Both guidelines provide advice on the use of standard mathematical tools (error 
propagation and Monte-Carlo analysis) to quantify uncertainties associated with emissions totals.   

Activity data are usually derived from reasonably well characterised datasets, such as national energy 
statistics and balances, economic production rates, population data, etc. They are often accompanied 
by information on uncertainty levels.  Where this is not the case, indicative ranges are available from 
the EMEP/EEA Emissions Inventory Guidebook (EMEP/EEA, 2016; Part A, Chapter 5 ‘Uncertainties’, 
Table 3-1). Both the IPCC Guidelines and the EMEP/EEA Emissions Inventory Guidebook offer default 
EFs together with the upper and lower values of their associated 95% confidence ranges to allow 
uncertainties to be determined.  

Currently, BC EFs are presented in the EMEP/EEA Emissions Inventory Guidebook as a percentage of 
the PM2.5 EF (see Section 5). Theoretically, the uncertainty of the BC EF can then be determined by 
combining the uncertainty of the PM2.5 EF with the uncertainty of the BC percentage of PM2.5. 
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However, the underlying data for BC are not well characterised, and the confidence intervals 
accompanying the BC EFs are not known with any certainty. It is important to recognise this when 
using a detailed mathematical approach to quantifying uncertainty for BC.  

Studies of emission inventories show that, of the major pollutants, the lowest uncertainties are 
associated with CO2 and SO2, which depend primarily on the quality of fossil fuel statistical data and 
fuel properties. Studies estimate globally an 8% uncertainty (90% confidence interval) for emissions of 
CO2 (Andres et al., 2012; IPCC, 2014) and 8–14% uncertainty for SO2, for a roughly 5–95% confidence 
interval (Smith et al., 2011). However, uncertainty for certain sectors can be much larger, for example 
50% for global estimates of CO2 emissions from the combined Agriculture, Forestry and Other Land Use 
sector (IPCC, 2014). Similarly, uncertainty can be larger in certain regions (e.g. China) due to 
uncertainties in the level of coal consumption, emission factor for coal and the actual implementation 
and efficiency of control technology (Guan et al., 2012; Liu et al., 2015; Olivier et al., 2015; Xu et al., 
2009; Zhang et al., 2012). Uncertainties for global inventories of GHGs other than CO2 are much higher, 
being estimated by IPCC (2014) at ±20% for CH4 and ±60% for N2O (both expressed as the 90% 
confidence interval). Again, uncertainties for some sectors are much higher, for example, for CH4 
emissions from rice paddy fields, livestock enteric fermentation and landfill.  

Emissions of PM, including BC and primary OC, are more uncertain, as these pollutants usually form 
under poor combustion conditions in small, inefficient installations burning poor-quality fuels, which 
are difficult to account for, resulting in large emission variability (Bond et al., 2004; Klimont et al., 2017; 
Hoesly et al., 2018). Considering local data and knowledge about emission sources and their emission 
factors could significantly reduce these uncertainties (Zhang et al., 2009). Inconsistencies in 
measurements of PM emissions (e.g. in-stack or directly after stack for industry; laboratory versus real-
world measurements for cookstoves) in different countries contribute to overall global inventory 
uncertainties. Uncertainty can also be large for activity data of relevance to PM emissions - such as 
poor-quality fuels (e.g. biomass) in cook stoves or brick kilns (Klimont et al 2017) or even size and 
composition of local vehicle fleets.   

Bond et al. (2004) estimated total uncertainties of about a factor of 2 (i.e. -50% to +100%) in their 
global estimates of BC and OC emissions for 1996 from contained combustion (excluding open-burning 
of vegetation and crop residues). More recent work (Bond et al., 2013) estimated larger uncertainties 
for a global BC inventory for the year 2000; of around a factor of 3 for energy-related emissions and >3 
when open-burning is included. Advances in emission characterization for small residential, industrial, 
and mobile sources will be required to reduce the scale of these uncertainties. Uncertainties in 
national scale BC emission estimates are likely to be less than for the global inventories described 
above. For example, emission uncertainties are considered to be in the order of 1.5 to 2-fold for 
national BC inventories recently prepared by EU countries for CLRTAP. 

There are ways to reduce the uncertainties: 

- Uncertainties in emissions from open-burning of vegetation and crop residues, a significant BC 
source, can be reduced using satellite-derived data to characterize the magnitude and spatial 
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distributions of biomass burning.  

- The large uncertainties associated with estimates of emissions from open-burning of solid 
municipal waste, an activity widespread in the developing world, could be reduced by 
improving data on waste collection and disposal. 

- The analysis combining field measurements and atmospheric transport modelling with iterative 
inventory development can also be undertaken to reduce uncertainties. 

The everyday use of the word ‘uncertainty’ has negative connotations, which is a problem if important, 
though uncertain, information is consequently ignored in public debate and policy-making (Milne et al, 
2015). It is therefore imperative that the current uncertainty in BC inventories does not dissuade 
policy-makers from considering this important short-lived climate forcer and air pollutant. 

 

Progress Made Under The Convention on Long-Range Transboundary Air 
Pollution 
The Gothenburg Protocol of the CLRTAP includes the voluntary reporting of BC emissions, and 
encourages countries to support the development of BC emissions inventories. In order to allow 
countries to make BC emission estimates, information was added to the 2013 version of the EMEP/EEA 
Emissions Inventory Guidebook, and updates were made for the 2016 version. 

It was decided that the initial focus should be on ensuring completeness of BC emissions estimates, 
and consequently EFs were assigned to all relevant sources by drawing on the available literature. The 
literature was dominated by EC EFs rather than BC EFs, and it was decided that, within the levels of 
uncertainty associated with the data, EC EFs were suitably representative of BC. The current emissions 
reporting from countries is labelled as BC, but, more closely represents emissions of EC. 

Furthermore, it was decided to present the BC EFs as a percentage of the PM2.5 EF. This approach was 
chosen to ensure that BC emissions could not be reported as exceeding PM2.5. However, since the BC 
EFs have been included in the EMEP/EEA Guidebook, it has become apparent that this causes added 
complexity when quantifying the uncertainties of BC emissions. There are currently discussions about 
updating the EMEP/EEA Emissions Inventory Guidebook to change the way the BC EFs are presented. 

The voluntary reporting of BC within the CLRTAP has proved to be successful, with more than 30 
countries providing emissions estimates. Figure 2 below presents the source apportionment for 
selected countries. It illustrates that Road Transport and Residential & Commercial Combustion are 
major sources in all displayed countries. However, there is considerable variation in the source 
apportionment across the countries. Some of this variability is expected to reflect the real-world 
emissions, such that relatively high or low use of coal and wood in the residential sector. However, it is 
also expected that some sources are not being captured consistently in emission inventories across the 
countries. For example, in Spain a large contribution from the open burning of waste - shown in Figure 
2 is included in the source labelled “Other” (including Solvents, Agriculture, Waste). It is particularly 
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difficult to estimate emissions from waste burning, and it may be that other countries are using 
methodologies, which do not capture the emissions in the same way, or under the same source in their 
inventories. 

 
Figure 2. CLRTAP emissions of BC for 2015 from selected countries4 

 

As can be seen, overall completeness of reporting is good, with the majority of countries reporting BC 
emission estimates from most sources. Attention can now be given to improving the contents of the 
EMEP/EEA Emissions Inventory Guidebook, and hence the accuracy of the existing emissions 
inventories. The maintenance and improvement of the EMEP/EEA Emissions Inventory Guidebook is 
completely reliant on voluntary contributions from Parties to the Convention, and international 
organisations such as the EEA and the European Commission. Consequently, whilst improvements to 
the guidance are the key step in delivering better quality BC emissions estimates, this can only be 
achieved if resources can be secured.  

 

                                                            
 

4 Taken from CLRTAP Parties’ 2017 submissions. 
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Estimating Black Carbon and Co-Emissions Using LEAP-IBC 
The CCAC has developed an initiative Supporting National Action and Planning (SNAP) to reduce SLCPs, 
which is helping countries to set priorities for action to reduce SLCP-related emissions. Part of this 
activity is the development of emission inventories and emission scenarios to quantify emissions of BC 
and co-emitted pollutants necessary to quantify benefits of mitigation scenarios from all sectors. This 
includes all the substances affecting climate (GHGs and SLCPs) as well as all emissions influencing PM2.5 
concentrations and tropospheric ozone formation.  

The Long-range Energy Alternatives Planning (LEAP, www.energycommunity.org) system is a widely-
used software tool for energy policy analysis and climate change mitigation assessment developed 
over 25 years by the Stockholm Environment Institute (SEI). LEAP is an integrated scenario-based 
modelling tool that can be used to track energy consumption, production and resource extraction in all 
sectors of an economy. In addition, it can account for both energy and non-energy sector GHGs 
emission sources and sinks. 

Since 2012, additional functionality has been added to the core LEAP software in form of the LEAP-
Integrated Benefits Calculator (LEAP-IBC). The purpose of the LEAP-IBC tool is to enable estimates of 
emissions produced in LEAP to be used to quantify impacts of air pollutants on human health and 
agricultural crop yield loss, and the impacts of both GHGs and SLCPs on global temperature change. 
The IBC module therefore extends the scenario analysis capabilities of LEAP by allowing for the rapid 
evaluation of the estimated benefits that could result from the implementation of particular measures 
and policies, in terms of reductions in premature deaths associated with air pollution exposure, less 
crop loss due to ozone pollution exposure, and reduced global warming. 

LEAP-IBC includes a default template that can be used to estimate emissions of air pollutants (including 
BC) and GHGs from all major source sectors, including those sectors of relevance to SLCP mitigation. To 
estimate PM2.5 and ozone (O3) concentrations in a country, and to estimate the effect of a country’s 
emissions on global temperature, it is necessary to estimate emissions of all pollutants that contribute 
to PM2.5, O3 or temperature change. To this end, the tool contains default emission factors for 11 
pollutants, including BC and OC, other short-lived climate forcers, as well as the major GHGs. Many of 
the default emission factors are taken from the EMEP/EEA (2016) Emission Inventory Guidebook and 
the IPCC (2006) Guidelines. However, as pointed out earlier, these are not always appropriate for 
developing countries or for sources of specific relevance to SLCP mitigation. Additionally, therefore, 
many default emission factors offered in the tool have been derived from the literature and are fully 
referenced for transparency. The tool is flexible, allowing users to replace the default emission factors 
with locally-determined factors, if they wish. The database of default emission factors currently used in 
LEAP-IBC is available on-line. 

The CCAC SNAP initiative is currently supporting 12 countries to estimate emissions, scenarios and 
impacts (Bangladesh, Ghana, Mexico, Colombia, Chile, Mexico, Cote d’Ivoire, Togo, Nigeria, Philippines, 
Morocco, Maldives) and SEI has additionally supported Tribhuvan University to undertake an analysis 
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for Nepal. This is then an input to national planning, identifying action that can be taken by countries 
to reduce emissions. 

 

Developments Since the IPCC’s 2005 Expert Meeting on Emission Estimation of 
Aerosols Relevant to Climate Change 
In the 2005 report of the IPCC Expert Meeting on Emission Estimation of Aerosols Relevant to Climate 
Change, is was stated that: “it is not possible, at this stage, to reliably produce internationally 
comparable national emission estimates…” Since then, internationally comparable BC emission 
inventories for European countries have been compiled and reported under the auspices of the UN-
ECE CLRTAP. This has been facilitated by developments in the EMEP/EEA Emissions Inventory 
Guidebook which, since 2013, has included default emission factors for BC (with uncertainty ranges). 
Also, within the SNAP initiative of the CCAC, countries are producing emission inventories of pollutants 
(including BC) using the LEAP-IBC tool which provides a standardised approach and includes fully 
referenced default emission factors.  

The 2005 IPCC report also stated that: “There are no universally accepted unique definitions of Black 
Carbon, Organic Carbon or Elemental Carbon. Existing approaches work in the current state of models 
but for the development of comparable inventories clearer less ambiguous measurement methods 
would be needed.” Since then, Petzold (2013) and others have clarified definitions of carbonaceous 
particles, including BC and elemental carbon (EC), which related to how the particles are measured 
using either optical (BC) or thermal (EC) techniques. In deriving BC emission factors used in the 
EMEP/EEA Guidebook, it was found that within the levels of uncertainty associated with the data, EC 
EFs were suitably representative of BC. 

It was also stated in the IPCC report that: “To improve the quality of data used in global and regional 
inventories there needs to be consideration of the different measurement methods of each of Black 
Carbon, Elemental Carbon and Organic Carbon.” There has been progress since 2005 with for example, 
Lack et al. (2014) having reviewed and clarified the measurement methods that correspond to the 
terminology descriptions of Petzold et al. (2013). 

 

Proposed Developments and Activities 
Development of emission inventory guidance on short-lived climate forcers, including BC. 
Authoritative guidance on short-lived climate forcers is likely to improve integration and the internal 
consistency between GHGs emission inventories and non-GHGs emission inventories, within and across 
the various assessments (including IPCC’s) and mitigation strategies at global to local levels, and across 
sectors.  Such guidance would also improve comparability in terms of the emissions inputs into the 
various models used to inform policies. 
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Emission Factor database: A comprehensive, transparent (fully referenced), on-line emission factor 
database (for BC, OC and other co-emitted substances, including CO2) for use globally, is required to 
drive quality improvement of the BC emission inventories and to reduce the uncertainty. Focus can be 
put on those emission sources of importance for SLCP mitigation, especially those relevant to sources 
that are currently not well-characterised in the EMEP/EEA Emission Inventory Guidebook and IPCC 
Guidelines. It should also include uncertainty ranges for each emission factor. 

Voluntary development and exchange of emission inventories: Countries are encouraged to compile 
emission inventories of BC and co-emitted substances and share the information to promote mutual 
learning. The inventories should include uncertainty estimates to help identify the major sources of 
uncertainty on which future efforts to improve the inventory might be focused. 

Support to, and co-ordination of, regional inventory guidelines: The EMEP/EEA Emissions Inventory 
Guidebook is formally updated every three years, and contributions to this process would be 
constructive (particularly because updating the BC emissions methodologies are not assigned a high 
priority). In addition, separate guidance and methodologies that may be developed for global regions 
other than the UN/ECE should be done so in a way that provides as much consistency and alignment as 
possible with the EMEP/EEA Emissions Inventory Guidebook.  

Promotion of further research: Uncertainties in BC emissions can be reduced by promoting further 
research, as needed, to improve the quality of activity data and emission factors, especially for sources 
in developing countries. 

Advisory service and guidance: Emission Inventory developers and users need to be advised on the 
choice of suitable emissions factors (for BC and co-emitted substances). They also need guidance on 
how to estimate emission inventory uncertainties. 

  



                                                                           
May 2018 

 Prepared by the Scientific Advisory Panel 

 

18 
 
 

Bibliography 
Andres, R. J., Boden, T. A., Bréon, F.-M., Ciais, P., Davis, S., Erickson, D., Gregg, J. S., Jacobson, A., Marland, G., Miller, J., Oda, T., Olivier, J. G. 

J., Raupach, M. R., Rayner, P., and Treanton, K.: A synthesis of carbon dioxide emissions from fossil-fuel combustion, Biogeosciences, 
9, 1845–1871, https://doi.org/10.5194/bg-9-1845-2012, 2012. 

Baumgardner, D., Kok, G.L., Raga, G.B., 2007. On the diurnal variability of particle properties related to light absorbing carbon in Mexico 
City. Atmos. Chem. Phys., 7, 2517e2526. 2007. 

Bond, T. C., Streets, D. G., Yarber, K. F., Nelson, S. M., Woo, J. H., and Klimont, Z.: A technology-based global inventory of black and organic 
carbon emissions from combustion, J. Geophys. Res., 109, 1–43, https://doi.org/10.1029/2003JD003697, 2004. 

Bond, T. C., Bhardwaj, E., Dong, R., Jogani, R., Jung, S., Roden, C., Streets, D. G., and Trautmann, N. M.: Historical emissions of black and 
organic carbon aerosol from energy-related combustion, 1850–2000, Global Biogeochem. Cy., 21, 1–16, 
https://doi.org/10.1029/2006GB002840, 2007. 

Bond, T. C., Doherty, S. J., Fahey, D. W., Forster, P. M., Berntsen, T., DeAngelo, B. J., Flanner, M. G., Ghan, S., Kärcher, B., Koch, D., Kinne, S., 
Kondo, Y., Quinn, P. K., Sarofim, M. C., Schultz, M. G., Schul, M., Venkataraman, C., Zhang, H., Zhang, S., Bellouin, N., Guttikunda, S. K., 
Hopke, P. K., Jacobson, M. Z., Kaiser, J. W., Klimont, Z., Lohmann, U., Schwarz, J. P., Shindell, D., Storelvmo, T., Warren, S. G., and 
Zender, C. S.: Bounding the role of black carbon in the climate system: A scientific assessment, J. Geophys. Res.-Atmos., 118, 5380–
5552, https://doi.org/10.1002/jgrd.50171, 2013. 

Briggs, N.L., and Long, C.M.: Critical review of black carbon and elemental carbon source apportionment in Europe and the United States. 
Atmospheric Environment, 144, 409-427. 2016. 

CCAC-LAC: Regional Assessment of Short-Lived Climate Pollutants for Latin Americ and the Caribbean. Climate and Clean Air Coalition and 
United Nations Environment Programme. http://www.ccacoalition.org/en/news/integrated-assessment-short-lived-climate-
pollutants-latin-america-and-caribbean-released. 2018. 

CEC North American Black Carbon Emissions Estimation Guidelines: Recommended Methods for Estimating Black Carbon Emissions. 
Montreal, Canada: Commission for Environmental Cooperation. 89pp. http://www3.cec.org/islandora/en/item/11629-north-
american-black-carbon-emissions-recommended-methods-estimating-black-en.pdf. 2015. 

Chen, X., Zhang, Z., Engling, G., Zhang, R., Tao, J., Lin, M., Sang, X., Chan, Ch., Li, S, and Li, Y: Characterization of fine particulate black carbon 
in Gunagzhou, a megacity in South China. Atmospheric Pollution Research, 5, 361-370. 2014. 

Chow, J.C., Watson, J.G., Edgerton, S.A. and Vega, E.: Chemical composition of PM2.5 and PM10 in Mexico City during winter 1997. Sci. 
Total Environ. 287, 177-201. 2002. 

Chow, J. C., Watson, J. G., Lowenthal, D. H., Antony Chen, L.-W., and Motallebi, N.: PM2.5 source profiles for black and organic carbon 
emission inventories, Atmos. Environ., 45, 5407–5414, 2011. 

Christoforou, C., Salmon, L., Hannigan, M., Solomon, P., and Cass, G R.:  Trends in fine particle concentration and chemical composition in 
southern California. J. Air & Waste Manag. Assoc. 50, 43e53. 2000. 

Cofala, J., Amann, M., Klimont, Z., Kupiainen, K., and H¨oglund-Isaksson, L.: Scenarios of Global Anthropogenic Emissions of Air Pollutants 
and Methane until 2030, Atmos. Environ., 41, 8486–8499, doi:10.1016/j.atmosenv.2007.07.010, 2007. 

Crippa, M., Guizzardi, D., Muntean, M., Schaaf, E., Dentener, F., van Aardenne, J. A., Monni, S., Doering, U., Olivier, J. G. J., Pagliari, V., and 
Janssens-Maenhout, G.: Gridded Emissions of Air Pollutants for the period 1970–2012 within EDGAR v4.3.2, Earth Syst. Sci. Data 
Discuss. https://doi.org/10.5194/essd-2018-31, in review, 2018. 

Dominici F, Peng, R., and Bell, M.: Fine particulate air pollution and hospital admission for cardiovascular and respiratory diseases. Journal 
of the American Medical Association, 295(10):1127–1134. 2006. 

ECCC: Canada´s Black Carbon Inventory 2017 Edition. Environment and Climate Change Canada.  

EPA: Integrated science assessment for particulate matter (final report). Washington, DC, United States Environmental Protection Agency 
(http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=216546#Download). 2009 

https://doi.org/10.1029/2003JD003697


                                                                           
May 2018 

 Prepared by the Scientific Advisory Panel 

 

19 
 
 

EPA: Black Carbon Report to Congress, Washington, DC, United States Environmental Protection Agency. 
(https://yosemite.epa.gov/sab/sabproduct.nsf/fedrgstr_activites/BC%20Report%20to%20Congress!OpenDocument&TableRow=2.0#2
). 2011. 

EC-JRC/PBL: Emission Database for Global Atmospheric Research (EDGAR), release version 4.3.1, 
http://edgar.jrc.ec.europa.eu/overview.php?v=431 (last access: 15 January 2018), 2016. 

EMEP/EEA Air pollutant emission inventory guidebook.  EEA Technical report No 21/2016. European Environment Agency 
https://www.eea.europa.eu/publications/emep-eea-guidebook-2016. 

Evans, M., Kholod, N., Kuklinski, T., Denysenko, A., Smith, S.J., Staniszewski, A., Hao, W.M., Liu, L., and Bond, T. Black Carbon emissions in 
Russia: A critical review. Atmospheric Environment 163:9-21. 2017. 

Gramsch, E., Caceres, D., Oyola, P., Reyes, F., Vasquez, Y., Rubio, M.A., and Sanchez, G.: Influence of surface and subsidence thermal 
inversion on PM2.5 and black carbon concentration. Atmos. Environ. 98, 290-298. 2014. 

Granier, C., Bessagnet, B., Bond, T., D’Angiola, A., Denier van der Gon, H., Frost, G. J., Heil, A., Kaiser, J. W., Kinne, S., Klimont, Z., Kloster, S., 
Lamarque, J.-F., Liousse, C., Masui, T., Meleux, F., Mieville, A., Ohara, T., Raut, J.-C., Riahi, K., Schultz, M. G., Smith, S. J., Thompson, A., 
Aardenne, J., Werf, G. R., and Vuuren, D. P.: Evolution of anthropogenic and biomass burning emissions of air pollutants at global and 
regional scales during the 1980–2010 period, Climatic Change, 109, 163–190, https://doi.org/10.1007/s10584-011-0154-1, 2011. 

Guan, D., Liu, Z., Geng, Y., Lindner, S. and Hubacek, K.: The gigatonne gap in China’s carbon dioxide inventories. Nature Climate Change 
volume 2, pages 672–675. doi:10.1038/nclimate1560. 2012. 

Hoesly, Rachel M., Steven J. Smith , Leyang Feng, Zbigniew Klimont, Greet Janssens-Maenhout, Tyler Pitkanen, Jonathan J. Seibert, Linh Vu, 
Robert J. Andres, Ryan M. Bolt, Tami C. Bond, Laura Dawidowski, Nazar Kholod, June-ichi Kurokawa, Meng Li, Liang Liu, Zifeng Lu, 
Maria Cecilia P. Moura, Patrick R. O’Rourke, and Qiang Zhang: Historical (1750–2014) anthropogenic emissions of reactive gases and 
aerosols from the Community Emissions Data System (CEDS). Geosci. Model Dev., 11, 369–408, https://doi.org/10.5194/gmd-11-369-
2018, 2018.  

IEA: IEA Energy Statistics, http://www.iea.org/statistics/, 2015. 

IPCC Intergovernmental Panel on Climate Change, Good practice guidance and uncertainty management in national greenhouse gas 
inventories, Tech. Support Unit, Natl. Greenhouse Gas Invent. Programme, Hayama, Japan. 2000. 

IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 1 — General Guidance and Reporting (www.ipcc-
nggip.iges.or.jp/public/2006gl/vol1.htm). 

IPCC, 2013: Climate Change: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 2013. 

IPCC, 2014: Summary for Policymakers. In: Climate Change: Mitigation of Climate Change. Contribution of Working Group III to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. 
Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel 
and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 2014. 

Jacobson, M.Z.: Strong radiative heating due to the mixing state of BC in atmospheric aerosols. Nature, 409. 2001. 

Jacobson, M.Z.: Control of fossil-fuel particulate black carbon and organic matter, possibly the most effective method of slowing global 
warming. Journal of Geophysical Research, 107, 4410. (doi:10.1029/2001jd001376). 2002. 

Junker, C. and Liousse, C.: A global emission inventory of carbonaceous aerosol from historic records of fossil fuel and biofuel consumption 
for the period 18601997, Atmos. Chem. Phys., 8, 1195–1207, doi:10.5194/acp-8-1195-2008, 2008. 

Klimont, Z., Kupiainen, K., Heyes, C., Purohit, P., Cofala, J., Rafaj, P., Borken-Kleefeld, J. and Schöpp, W. Global anthropogenic emissions of 
particulate matter including black carbon. Atmospheric Chemistry and Physics 17, 8681-8723 https://doi.org/10.5194/acp-17-8681-
2017, 2017. 

Klimont, Z., Cofala, J., Xing, J., Wei, W., Zhang, C., Wang, S., Kejun, J., Bhandari, P., Mathur, R., Purohit, P., Rafaj, P., Chambers, A., Amann, 
M., and Hao, J.: Projections of SO2, NOx , and carbonaceous aerosols emissions in Asia, Tellus, 61B, 602–
617,https://doi.org/10.1111/j.1600-0889.2009.00428.x, 2009. 

https://www.eea.europa.eu/publications/emep-eea-guidebook-2016
http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol1.htm
http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol1.htm
https://doi.org/10.5194/acp-17-8681-2017
https://doi.org/10.5194/acp-17-8681-2017


                                                                           
May 2018 

 Prepared by the Scientific Advisory Panel 

 

20 
 
 

Klimont, Z., Smith, S. J., and Cofala, J.: The last decade of global anthropogenic sulfur dioxide: 2000–2011 emissions, Environ. Res. Lett., 8, 
014003, https://doi.org/10.1088/1748-9326/8/1/014003, 2013. 

Kupiainen, K. and Klimont, Z.: Primary emissions of fine carbonaceous particles in Europe, Atmos. Environ., 41, 2156–
2170,https://doi.org/10.1016/j.atmosenv.2006.10.066, 2007. 

Lack, D. A., Moosmüller, H., McMeeking, G. R., Chakrabarty, R. K., & Baumgardner, D. Characterizing elemental, equivalent black, and 
refractory black carbon aerosol particles: a review of techniques, their limitations and uncertainties. Analytical and Bioanalytical 
Chemistry, 406(1), 99–122. http://doi.org/10.1007/s00216-013-7402-3, 2014. 

Lamarque, J.-F., Bond, T. C., Eyring, V., Granier, C., Heil, A., Klimont, Z., Lee, D., Liousse, C., Mieville, A., Owen, B., Schultz, M. G., Shindell, D., 
Smith, S. J., Stehfest, E., Van Aardenne, J., Cooper, O. R., Kainuma, M., Mahowald, N., McConnell, J. R., Naik, V., Riahi, K., and van 
Vuuren, D. P.: Historical (1850–2000) gridded anthropogenic and biomass burning emissions of reactive gases and aerosols: 
methodology and application, Atmos. Chem. Phys., 10, 7017–7039, https://doi.org/10.5194/acp-10-7017-2010, 2010. 

Liu, Z., Guan, D., Wei, W.,  Davis, S.J., Ciais, P., Bai, J., Peng, P., Zhang, Q., Hubacek, K., Marland, G., Andres, R.J., Crawford-Brown, D., Lin, J., 
Zhao, H., Hong, C., Boden, T.A., Feng, K., Peters, G.P., Xi, JF., Liu, H., Yuan Li, Y., Zhao, Y., Zeng, N., and He, K. : Reduced carbon 
emission estimates from fossil fuel combustion and cement production in China. Nature, 524, 335–338. doi:10.1038/nature14677. 
2015. 

Milne, A. E., Glendining, M. J., Lark, R. M., Perryman, S. A. M., Gordon, T., & Whitmore, A. P.  Communicating the uncertainty in estimated 
greenhouse gas emissions from agriculture. Journal of Environmental Management, 160, 139–153. 
http://doi.org/10.1016/j.jenvman.2015.05.034, 2015. 

OECD: The economic consequences of outdoor air pollution. Organisation for Economic Co-operation and Development. 
http://www.oecd.org/env/the-economic-consequences-of-outdoor-air-pollution-9789264257474-en.htm. 2016. 

Petzold A, Ogren JA, Fiebig M, Laj P, Li S-M, Baltensperger U, Holzer-Popp T, Kinne S, Pappalardo G, Sugimoto N, Wehrli C, Wiedensohler A, 
Zhang X-Y.  Recommendations for the interpretation of “black carbon” measurements. Atmos. Chem. Phys., 13, 8365-8379, 2013. 

Rajarathnam, U., Athalye, V., Ragavan, S., Maithel, S., Lalchandani, D., Kumar, S., Baum, E., Weyant, C. and Bond, T. Assessment of air 
pollutant emissions from brick kilns. Atmospheric Environment 98:549-533. 2014. 

Shindell, D.; Kuylenstierna, J.C.I.; Faluvegi, G.; Milly, G.; Emberson, L.; Hicks, K.; Vignati, E.; Van Dingenen, R.; Janssens-Maenhout, G.; Raes, 
F.; Pozzoli, L.; Amann, M.; Klimont, Z.; Kupiainen, K.; Höglund-Isaksson, L.; Anenberg, S.C.; Muller, N.; Schwartz, J.; Streets, D.; 
Ramanathan, V.; Oanh, N.T.K.; Williams, M.; Demkine, V.; Fowler, D., Simultaneously mitigating near-term climate change and 
improving human health and food security, Science, 335(6065), 183–189, doi:10.1126/science.1210026. 2012. 

Smith KR, Jerrett M, Anderson HR, Burnett RT, Stone V, Derwent R, Atkinson RW, Cohen A, Shonkoff SB, Krewski D, Pope CA, Thun MJ, 
Thurston G: Health and climate change 5: public health benefits of strategies to reduce greenhouse-gas emissions: health implications 
of short-lived greenhouse pollutants. Lancet 374(9707):2091–2103. doi:10.1016/S0140-6736(09)61716-5, 2009. 

Smith, S. J., van Aardenne, J., Klimont, Z., Andres, R. J., Volke, A., and Delgado Arias, S.: Anthropogenic sulfur dioxide emissions: 1850–2005, 
Atmos. Chem. Phys., 11, 1101-1116, https://doi.org/10.5194/acp-11-1101-2011, 2011. 

Ramanathan, V., and Carmichael, G.: Global and regional climate change dur to black carbon. Nature Geoscience, 1, 221–227. 2008. 

van Marle, M. J. E., Kloster, S., Magi, B. I., Marlon, J. R., Daniau, A.-L., Field, R. D., Arneth, A., Forrest, M., Hantson, S., Kehrwald, N. M., 
Knorr, W., Lasslop, G., Li, F., Mangeon, S., Yue, C., Kaiser, J. W., and van der Werf, G. R.: Historic global biomass burning emissions for 
CMIP6 (BB4CMIP) based on merging satellite observations with proxies and fire models (1750–2015), Geosci. Model Dev., 10, 3329–
3357, https://doi.org/10.5194/gmd-10-3329-2017, 2017. 

Viidanoja, J., Sillanpää, M., Laakia, J., Kerminen, V-M., Hillamo, R., Aarnio, P., and Koskentalo, T.: Organic and black carbon in PM2.5 and 
PM10: 1 year of data from an urban site in Helsinki, Finland. Atmospheric Environment, 36, 3183-3193. 2002. 

WHO/EU-REVIHAAP: “Review of evidence on health aspects of air pollution – REVIHAAP” Project Technical Report. Report jointly sponsored 
by the European Union and the WHO Regional Office for Europe. 2013.  
http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-Final-technical-report.pdf) 

WHO, 2016: Ambient air pollution: a global assessment of exposure and burden of disease. 2016. 
http://apps.who.int/iris/bitstream/handle/10665/250141/9789241511353-eng.pdf?sequence=1 

http://doi.org/10.1007/s00216-013-7402-3
http://doi.org/10.1016/j.jenvman.2015.05.034


                                                                           
May 2018 

 Prepared by the Scientific Advisory Panel 

 

21 
 
 

UNEP/WMO: Integrated Assessment of Black Carbon and Tropospheric Ozone: Summary for Decision Makers. United Nations Environment 
Programme/World Meteorological Organization. 2011. http://www.wmo.int/pages/prog/arep/gaw/documents/BlackCarbon_SDM.pdf  

Xu, B., Cao, Hansen, J., Yao, T., Joswia, D.R., Wang, N., Wu, G., Wang, M., Zhao, H., Yang, W., Liu, X., and He, J.: Black soot and the survival of 
Tibetan glaciers. Proc. Natl. Acad. Sci., 106, 22114-22118. 2009. 

Yan, F., E. Winijku, D. G. Streets, Z. Lu, T. C. Bond, and Y. Zhang, 2014:  Global emission projections for the transportation sector using 
dynamic technology modeling. Atmos. Chem. Phys., 14, 5709–5733, www.atmos-chem-phys.net/14/5709/2014/ doi:10.5194/acp-14-
5709-2014, 2014. 

Zhang, Q., Streets, D. G., Carmichael, G. R., He, K. B., Huo, H., Kannari, A., Klimont, Z., Park, I. S., Reddy, S., Fu, J. S., Chen, D., Duan, L., Lei, Y., 
Wang, L. T., and Yao, Z. L.: Asian emissions in 2006 for the NASA INTEX-B mission, Atmos. Chem. Phys., 9, 5131-5153, 
https://doi.org/10.5194/acp-9-5131-2009, 2009. 

Zhang, H., Wang, S., Hao, J., Wan, L., Jiang, J., Zhang, M., Heidi E.S.Mestl, Alnes, L.W.H., Aunan, K., and Mellouki, A.W.: Chemical and size 
characterization of particles emitted from the burning of coal and wood in rural households in Guizhou, China. Atmospheric 
Environment, 51, 94-99. https://doi.org/10.1016/j.atmosenv.2012.01.042. 2012. 

Zheng, B., Tong, D., Li, M., Liu, F., Hong, C., Geng, G., Li, H., Li, X., Peng, L., Qi, J., Yan, L., Zhang, Y., Zhao, H., Zheng, Y., He, K., and Zhang, Q.: 
Trends in China's anthropogenic emissions since 2010 as the consequence of clean air actions, Atmos. Chem. Phys. Discuss., 
https://doi.org/10.5194/acp-2018-374, in review, 2018. 

 


	Addressing Black CARBON eMISSION iNVENTORIES
	Summary
	The Importance of Undertaking Emission Inventories for Sources of Black Carbon
	Characterising Black Carbon Emissions
	Compiling Emission Inventories
	Uncertainties in Emission Inventories
	Progress Made Under The Convention on Long-Range Transboundary Air Pollution
	Estimating Black Carbon and Co-Emissions Using LEAP-IBC
	Developments Since the IPCC’s 2005 Expert Meeting on Emission Estimation of Aerosols Relevant to Climate Change
	Proposed Developments and Activities
	Bibliography

