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Introduction
The implied emission factors in CPAT are based on the GAINS model. The GAINS model methodology is described in (Amann et al., 2011). It is an integrated assessment model of air pollution, and features both an emissions model for various air pollutants and greenhouse gases (relevant here are primary PM2.5, SO2, NOx, NH3 and VOC, as well as CO2, CH4, BC, OC), as well as impact modules (which have not been used in the present exercise). 

The GAINS model has been used under the LRTAP Convention of the UNECE, the European Commission and various other national policy processes to design cost-effective strategies to improve air quality at the regional, national and subnational scale, including the assessments  of the National Emissions Ceilings Directive (Amann et al., 2012b; Rafaj et al., 2012; Oenema et al., 2012; Borken-Kleefeld and Ntziachristos, 2012; Cofala and Klimont, 2012; Amann et al., 2012a, 2012d, 2012c; Kiesewetter et al., 2013; Amann et al., 2013, 2014a; Kiesewetter and Amann, 2014; Amann et al., 2014b, 2014c) , as well as for designing a potential flexibility mechanism under the directive (Amann and Wagner, 2014). GAINS is also being used to assess the mitigation potentials and costs of greenhouse gases, and of short-live climate forcers (Höglund-Isaksson, 2017; Klimont et al., 2013; Saunois et al., 2019).

Free access to the model is available through the internet (https://gains.iiasa.ac.at). The data collated under this DIO are aggregated to a level that is compatible with the structure and needs of CPAT.

Data and caveats
The data are based on GAINS, and in particular, on a scenario that reflects both the World Energy Outlook 2018 Energy scenario of the International Energy Agency (IEA)l and air pollution controls at the country level as far as available in GAINS (internal scenario ID: WEO2018_NPS_CLE_CH4c). GAINS currently covers 180 regions globally, some of which represent individual countries, some subnational regions (e.g. for China every province is represented), and some represent larger regions, such as the region Northern Africa except Egypt. 

GAINS represents up to 1,000 separate sources of emissions in each region. Each of these sources is represented as a sector and an activity in that sector. For combustion, these activities are the individual fuels. Non-combustion sources include process emissions in industry, VOC emissions and also manure in agriculture. Air pollution control policies are represented as implementation shares of some several hundred emission control technologies. 

CPAT has its own classification of relevant sectors and activities. Thus, in order to provide the relevant emission factors in CPAT format it was necessary to map emissions from GAINS to CPAT, while ensuring consistency. For most of the fuels this is straightforward. Sectoral aggregations also had to be made consistent, and we chose to add to the combustion emissions also the process emissions (and normalize with the fuel use). In this way CPAT also includes process emissions; however, this also means that energy efficiency improvements over time may overestimate the resulting emission benefits in CPAT as associated process emissions are assumed to be reduced to, which in reality they are not. 

CPAT also operates at the national scale throughout. For cases in which GAINS features a higher resolution (e.g. China), GAINS data were simply aggregated to and normalized (with regional weights) at the national scale. For cases in which CPAT has a higher resolution, i.e. a country not represented individually in GAINS, the results at the level of the GAINS region including this country has been assumed to be representative for each country in the region.

The GAINS team has adapted the GAINS model to many national circumstances and is happy to engage in conversations on how to enhance the model data by with locally available data. 
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