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1. [bookmark: _Toc225174196]Introduction and Scope
The EMEP/EEA Guidebook (EEA, 2023) provides guidance to compile national scale emission inventories for air pollutants. The setup of the Guidebook follows specifically the requirements for reporting of air pollutant emissions under the UNECE Gothenburg Protocol and the EU NEC Directive. The focus is on providing guidance to estimate total annual emissions at country level for all relevant sources and pollutants. However, there are also other reporting requirements concerning air pollutant emissions, which are summarized in Table 1.

[bookmark: _Ref225169420]Table 1 Reporting requirements related to emission inventories in Europe
	Emission dataset
	Legislative instrument
	Comment
	Reporting frequency

	National emission inventories
	Gothenburg Protocol (UNECE)
NEC Directive (EU)
	Annual totals, country totals
	Annual

	Gridded emissions
	Gothenburg Protocol (UNECE)
NEC Directive (EU)
	Annual totals, 0.1°x0.1° horizontal resolution
	Every 4 years

	Large point source (LPS) emissions
	Gothenburg Protocol (UNECE)
NEC Directive (EU)
	Includes lists of point sources
	Every 4 years

	IED emissions
	Industrial Emissions Directive
	Formerly E-PRTR
	Annual

	(tbc)
	
	
	



To apply the emissions in modelling, more information is needed than just annual total releases per sector per year. These concern in particular:
· Spatially explicit emissions: emissions distributed at the level of grid cells (the horizontal resolution can vary) and/or exact locations for point sources. Guidance for the spatialisation of emissions is given in chapter A.7 “Spatial emissions mapping” of the EMEP/EEA Guidebook (EEA, 2023), hence no further guidance is provided in this chapter. This guidance here however focuses on mapping emissions for reporting purposes, at a typical horizontal resolution of around 10 km. When studying cities or urban areas, this may not be sufficient.
· Temporal disaggregation of emissions: annual emissions need to be broken down to daily and often to hourly level in order to be able to ingest them in air quality models. This annual breakdown should take into account varying emissions between e.g. seasons, days of the week and diurnal variations.
· Speciation of lumped pollutants: a number of pollutants that are being reported by emission inventories actually consist of a range of different pollutants, lumped together under one umbrella. Models need to split these lumped pollutants into individual species in order to model their transformations and reactions in the atmosphere.
· Emission height information: air quality models typically work with different vertical layers. Depending on the source and the circumstances, the emission may be released into the atmosphere at different heights. And on top of that, depending on the heat content of the plume it may rise further.
This document provides recommendations for users of emission data (i.e. air quality modellers) on how to combine the reported emission inventories with other information needed to provide suitable input to air quality modelling.
The suggested information may not always be the most suitable, but does provide the necessary information sources to make the model work. In most cases it is recommended to use more detailed or local information where available.
Anything missing in the scope? What are other important considerations for modellers?

2. [bookmark: _Toc225174197]Temporal disaggregation of emissions
Emission inventories report annual totals per sector and pollutant for each country. For use in models, a breakdown of annual totals into hourly values is needed. Several datasets have been available in the past to perform this downscaling.
Different methodologies are available as outlined below.
2.1. [bookmark: _Toc225174198]Simple method
The most simple way to derive hourly emissions based on the annual totals is by applying the following formula:
	
Where:
· Ehourly is the calculated hourly emission
· Eannual is the annual emission from the emission inventory
· N(year) is the number of hours in the year (8760, or 8784 in the case of a leap year)
· fmonth_in_year is a factor representing the variation between different months
· fday_in_week is a factor representing the variation between different days of the week
· fhour_in_day is a factor representing the variation within a single day
Each of the three factors f varies around its center value (1) such that the average of all the values for the period equals 1. It should be mentioned here that depending on the year this does not result in an exact match of the annual emissions, since the number of different weekdays in the year is not the same. The resulting error is however small and could be corrected for by performing scaling the sum of resulting hourly emissions to the annual totals in case there is a need for that. Additionally, the seasonal variation by month does not always include
This methodology distinguishes three typical emission variations of emissions throughout the year. Default values for each of these three parameters are provided in Annex 1, based on profiles suggested by TNO (Denier van der Gon et al., 2011).

2.2. [bookmark: _Toc225174199]Detailed methodologies
The simple method described in Section 2.1 is a very simplified way to describe emissions. With increasing computational facilities, the demand for more accurate temporal representation of emissions is ever increasing. Multiple datasets have been developed over the last years which the user of emission inventories may be able to implement. Some examples are shown in Table 1.
[bookmark: _Ref225169331]Table 2 Different information sources for disaggregating annual emissions to daily/hourly scale
	Reference
	Highlights

	CAMS-TEMPO
(Guevara et al., 2021)
	Temporal emission variation for main air pollutants and greenhouse gases including monthly, weekly, daily and hourly information. Results come as gridded profiles (0.1°x0.1° globally, 0.1°x0.05° for Europe) per GNFR category for the years. Depending on the source profiles may be in a different format. Also simplified profiles are available (per country, year, GNFR are available) which are more directly usable.

	EDGAR temporal profiles (Crippa et al., 2020)
	Monthly (and hourly) emission variation that fits well with the EDGAR global emission inventory (Crippa et al., 2018). Data are sector (IPCC source category) and country specific. Monthly variation is available directly on the website, and also hourly data are reported to be available.

	
	(add more as available, ideally European scale but can be national scale)



For use with the reported emissions, the use of CAMS-TEMPO profiles is most straightforward as these are a) available for all European countries and b) aligned with the GNFR sector classification which is also the format that gridded and LPS point source emissions are reported in. The CAMS-TEMPO dataset was developed to fit with the anthropogenic emission datasets provided by the Copernicus Atmospheric Monitoring Service, with the European dataset (CAMS-REG-TEMPO) designed to fit with the CAMS-REG European emissions (Kuenen et al., 2022). Since these align closely with the reported gridded emissions, the temporal disaggregation information provided in CAMS-TEMPO fits easily with the CLRTAP reported gridded emissions.

3. [bookmark: _Toc225174200]Speciation profiles for NMVOC
For specific pollutants for which reporting is mandatory according to the Gothenburg Protocol, the pollutants in fact do not represent a single substance but rather a group of substances. The most well known example is NMVOC, non-methane volatile organic compounds, which consist of “all organic compounds (except CH4) that are capable of producing photochemical oxidants by reactions with nitrogen oxides in the presence of sunlight” (UNECE, 2013).
NMVOC emissions have been reported for many years but only as a lumped species, no information is provided in emission inventories on individual components, but to apply this in modelling such information is crucial.
Consistent datasets on NMVOC speciation covering all emission sectors are scarce, but some European or global approaches exist, most notably:
· A global speciated NMVOC inventory in gridded form for the period 1970-2012, developed based on the EDGAR emission inventory for NMVOC which was combined with NMVOC speciation profiles for specific regions and sources (Huang et al., 2017). The data are provided as gridded emissions of NMVOC components from the EDGAR website.
· The CAMS regional emission inventory (CAMS-REG) (Kuenen et al. 2022) also includes NMVOC speciation profiles, developed per GNFR sector. Similar to the previous approach, it developed speciation profiles per source and then compiled country and GNFR sector NMVOC speciation profiles. In this case they are not gridded but provided separately, which means modellers can consider these for using with the CAMS-REG but also with alternative dataset of NMVOC emissions such as the official CLRTAP or NECD inventories.
Both the datasets above use what is known as the GEIA profiles, which is a set of 25 groups of species (Olivier et al. 1996) as proposed within the Global Emission Inventory Activity (GEIA). This was deemed a practical compromise since the detailing of NMVOC into all possible individual is considered not practical but also not possible with the information available. Depending on the chemistry scheme of the air quality model used, further detailing of these species groups may be needed for individual models. 
Given the large number of sectors and species involved, recent work on improving NMVOC speciation is scarce. However, some attempts are being made to improve the speciation both in countries and at European scale. Some examples include:
· Oliveira et al. (2025) came up with an updated NMVOC speciation developed based on an extensive literature survey which was applied to the CAMS-REG inventory and subsequently compared to the standard CAMS-REG NMVOC speciation profiles using a model evaluation study. The analysis showed the use of the updated speciation led to significant improvements for benzene, toluene and xylene when comparing to observations in many cases.
· National studies?

4. [bookmark: _Toc225174201]PM size and chemical composition
Further detailing of PM emissions is crucial for modellers, both in size (fractionation) and in composition (speciation). PM is the most relevant pollutant for health impacts due to air pollution, but the actual size and composition of PM has a strong impact on these impacts, hence this is crucial information for using these emissions in modelling and subsequent health impact assessment studies.
4.1. [bookmark: _Toc225174202]Size fractions
Most air quality models consider particulate matter in two size fractions: coarse and fine mode particles. Here fine mode refers to particles below 2.5 µm in diameter, equivalent to PM2.5, while the coarse mode contains particles between 2.5 and 10 µm in diameter, hence equivalent to the difference between PM10 and PM2.5. In most models concerning atmospheric composition and air quality, particles larger than 10 µm are not explicitly considered.
The EMEP/EEA Guidebook currently includes emission factors for three different size ranges, namely TSP (total suspended particles, including the whole particulate size range), PM10 (particles smaller than 10 µm in diameter) and PM2.5 (particles smaller than 2.5 µm in diameter). Emissions for all these three are reported, where PM10 and PM2.5 are mandatory pollutants for reporting, for which regular checks are carried out as part of the NECD inventory review process. Hence, the key size fractions are available directly from the reported emissions.
In recent years, there has been increasing attention to ultrafine particles, having a diameter of less than 100 nm, hence a small subset of PM2.5. However, given the small size of these particles their contribution to total PM2.5 particle mass is typically negligible. Hence, in this size range the particles are expressed in number rather than in mass. Ultrafine particle emission inventories are not available from national level reporting, but in the scientific community some first approaches have been made to quantify these. (add a bit more info + reference(s))

4.2. [bookmark: _Toc225174203]Chemical composition
The most important chemical components in PM relevant for modellers are elemental and organic carbon (EC and OC, respectively), whereas in most cases other primary PM emissions are lumped together, including for instance specific minerals or metals. Elemental carbon, often also called soot, is a product of incomplete combustion. Besides elemental carbon also black carbon is often mentioned. While both represent in most cases roughly the same set of particles, they are fundamentally different in the way they are defined. Elemental carbon is the refractory solid fraction of carbon, measured using thermal methods, while for black carbon particles are characterised using light absorption as a metric.
It should be noted here that the inclusion of the condensable component in PM has a strong impact on the composition of PM. For residential combustion of biomass, the condensable part of PM consists of almost entirely organic components, hence when considering condensables the share of organic carbon in PM may be significantly larger than when condensables are excluded.
The EMEP/EEA Guidebook includes black carbon (BC) expressed either as absolute emission factor or as percentage (likely to PM2.5 but this is not specified in the tables). It is however not sure from current reporting if this BC should be interpreted as the BC fraction in PM2.5 or in PM10, which is information modellers need in order to use this information, hence it is difficult to make use of reported BC emissions at the moment. Furthermore, most of the BC emission factors in the EMEP/EEA Guidebook actually represent elemental carbon (EC) instead of BC. Information on organic carbon or any other composition fractions of PM is generally not available in the Guidebook.
In national emission inventories, in some cases more information is available on specific PM components (for example OC) but also other size ranges (for example PM1, all particles below 1 µm), but such information is not part of any emission inventory reporting.
The typical way for the modelling community to take up this information is to split PM in at least EC and OC, sometimes also other compounds such as sulphate or sodium. While the EMEP/EEA Guidebook provides estimates of BC (which are likely representative for EC in reality), but the user of these data should note reporting of BC is voluntary hence the inventories may be incomplete. CEIP investigates the completeness and quality of the reported emissions and performs basic gapfilling where necessary and annually creates a dataset for modellers[footnoteRef:1].  [1:  https://www.ceip.at/webdab-emission-database/emissions-as-used-in-emep-models] 

When disregarding the BC in reported data, several datasets are available that provide information on splitting both PM10 and PM2.5 into component (groups). Often however these are provided for fine and coarse particles, which represent PM2.5 (PM_fine) and the fraction of PM between PM10 and PM2.5 (PM_coarse), respectively.

A few sources exist which provide speciation information at European scale, most notably:
· The Copernicus Atmospheric Monitoring Service, and especially the regional emission inventory CAMS-REG-ANT therein, provide country, year and GNFR sector specific profiles for both PM_coarse and PM_fine, which split the PM totals into EC, OC, sulphate, sodium and other minerals. The country specific profiles take into account detailed sectoral emissions and technology distributions in each country. More details can be found in Kuenen et al. (2022).
· The IIASA GAINS model provides emissions for both EC and OC on their website for different scenarios, typically including historical emissions for these components. These could be used in conjunction with the PM2.5/PM10 emissions from the same source to derive country/sector/year specific EC and OC shares which could then be applied to reported emission data. However, the latest detailed source-specific information from the GAINS model is not always publicly available.
· The global EDGAR emission inventory provides emissions of both EC and OC in gridded form for historical years, which can be used in conjunction with PM2.5/PM10 emissions to derive fractions per source category, and subsequently applied to reported emission data.
Furthermore, for several sectors emissions are calculated for PM components, most notably EC (BC).

5. [bookmark: _Toc225174204]Speciation profiles for other pollutants
5.1. [bookmark: _Toc225174205]Nitrogen oxides
NOx emissions are reported in official emission inventories, representing the sum of both NO and NO2. For air quality models, a split of NOx into these two components is needed. Typically, primary emissions are mostly occurring as NO. For instance the EMEP model assumes that 95% of the primary emissions are NO and 5% NO2 as a default. However, in reality the NO2 fraction may vary considerably between sources. Especially for diesel combustion a higher NO2 share is typically expected, which may be as high as 20%.
Point to specific guidance as a first suggestion that includes this higher NO2 share for some sectors

5.2. [bookmark: _Toc225174206]Sulphur oxides
SOx emissions are reported in offical emission inventories, representing the sum of both SO2 and SO4 (the latter typically in the form of aerosol). While also other forms are possible, these two typically represent the vast majority of sulphur oxide emissions. In the EMEP model, a default split of 95% SO2 and 5% sulphate aerosol is assumed.

5.3. [bookmark: _Toc225174207]Mercury
Split in the different mercury types (elemental, gaseous, particle-bound) => give some sector-specific guidance on this
Sources: UK earlier work? IIASA Peter Rafaj? MSC-East?

5.4. [bookmark: _Toc225174208]Persistent organic pollutants

6. [bookmark: _Toc225174209]Vertical distribution of emissions
Emissions may be released at various heights in the atmosphere. For instance, road traffic emissions always occur at ground level, while industrial emissions may be released from a stack, thus emitting higher up in the atmosphere. Apart from the physical height where the emission is released, the temperature and heat content of the flue gases may cause further rising of the pollutants directly after release. This information is relevant for atmospheric modellers, since if emissions are released higher in the atmosphere these may be transported over longer distances.
As part of the 4-yearly reporting of Large Point Source (LPS) emissions, information on the stack height of these point sources is also submitted, in the form of height classes where 5 classes are considered. However, this information is only available at 4-yearly intervals and for the specific point sources, while it does not include the effect of plume rise. 
 No information is reported on emission release height for any of the non-point (diffuse) sources.
Most modelling teams use a set of default profiles to model the vertical distribution of emissions, in some cases complemented by specific stack height information depending on the information available and the domain in scope of the modelling study. For instance, MSC-W uses  default distribution based upon the sectors. These distributions were originally based upon plume-rise calculations performed for different types of emission source which are thought typical for different emission categories, under a range of stability conditions (Vidic, 2002), but have since been simplified and adjusted to reflect recent findings (Bieser et al., 2011; Pregger and Friedrich, 2009), and to accomodate new sectors.
A basic set is provided by Bieser et al. (2011) which is translated into GNFR specific profiles as part of the aforementioned Copernicus Atmospheric Monitoring Service, which is provided in Annex 2 of this document.
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8. [bookmark: _Toc225174211]Point of enquiry
Enquiries concerning this document should be directed to the User Engagement coordinator of the Task Force on Emission Inventories and Projections. Please refer to the TFEIP website (www.tfeip-secretariat.org) for the relevant contact details.



[bookmark: _Toc225174212]Glossary

(to be added)

[bookmark: _Toc225174213]Annex 1

Default profiles for the factor fmonth_in_year for the seasonal variation of emissions:
	GNFR
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	A
	1.2
	1.15
	1.05
	1
	0.9
	0.85
	0.8
	0.875
	0.95
	1
	1.075
	1.15

	B
	1.1
	1.075
	1.05
	1
	0.95
	0.9
	0.93
	0.95
	0.97
	1
	1.025
	1.05

	C
	1.7
	1.5
	1.3
	1
	0.7
	0.4
	0.2
	0.4
	0.7
	1.05
	1.4
	1.65

	D
	1.2
	1.2
	1.2
	0.8
	0.8
	0.8
	0.8
	0.8
	0.8
	1.2
	1.2
	1.2

	E
	0.95
	0.96
	1.02
	1
	1.01
	1.03
	1.03
	1.01
	1.04
	1.03
	1.01
	0.91

	F
	0.88
	0.92
	0.98
	1.03
	1.05
	1.06
	1.01
	1.02
	1.06
	1.05
	1.01
	0.93

	G
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	H
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	I
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	J
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	K
	0.7
	0.75
	0.85
	0.9
	1
	1.1
	1.2
	1.25
	1.3
	1.1
	1
	0.85

	L
	0
	2
	4.75
	2.9
	0.5
	0.4
	0.2
	0.5
	0.75
	0
	0
	0

	M
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1



Default profiles for the factor fday_in_week for the variation of emissions within each week:
	GNFR
	Mon
	Tue
	Wed
	Thu
	Fri
	Sat
	Sun

	A
	1.06
	1.06
	1.06
	1.06
	1.06
	0.85
	0.85

	B
	1.08
	1.08
	1.08
	1.08
	1.08
	0.8
	0.8

	C
	1.08
	1.08
	1.08
	1.08
	1.08
	0.8
	0.8

	D
	1
	1
	1
	1
	1
	1
	1

	E
	1.2
	1.2
	1.2
	1.2
	1.2
	0.5
	0.5

	F
	1.02
	1.06
	1.08
	1.1
	1.14
	0.81
	0.79

	G
	1
	1
	1
	1
	1
	1
	1

	H
	1
	1
	1
	1
	1
	1
	1

	I
	1
	1
	1
	1
	1
	1
	1

	J
	1
	1
	1
	1
	1
	1
	1

	K
	1
	1
	1
	1
	1
	1
	1

	L
	1
	1
	1
	1
	1
	1
	1

	M
	1
	1
	1
	1
	1
	1
	1



Default profiles for the factor fhour_in_day for the diurnal variation of emissions (columns represent the hour of the day, starting from the midnight): 
	GNFR
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	0.79
	0.72
	0.72
	0.71
	0.74
	0.8
	0.92
	1.08
	1.19
	1.22
	1.21
	1.21

	B
	0.75
	0.75
	0.78
	0.82
	0.88
	0.95
	1.02
	1.09
	1.16
	1.22
	1.28
	1.3

	C
	0.38
	0.36
	0.36
	0.36
	0.37
	0.5
	1.19
	1.53
	1.57
	1.56
	1.35
	1.16

	D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	E
	0.5
	0.35
	0.2
	0.1
	0.1
	0.2
	0.75
	1.25
	1.4
	1.5
	1.5
	1.5

	F
	0.19
	0.09
	0.06
	0.05
	0.09
	0.22
	0.86
	1.84
	1.86
	1.41
	1.24
	1.2

	G
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	H
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	I
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	J
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	K
	0.6
	0.6
	0.6
	0.6
	0.6
	0.65
	0.75
	0.9
	1.1
	1.35
	1.45
	1.6

	L
	0.6
	0.6
	0.6
	0.6
	0.6
	0.65
	0.75
	0.9
	1.1
	1.35
	1.45
	1.6

	M
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1




	GNFR
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	A
	1.17
	1.15
	1.14
	1.13
	1.1
	1.07
	1.04
	1.02
	1.02
	1.01
	0.96
	0.88

	B
	1.22
	1.24
	1.25
	1.16
	1.08
	1.01
	0.95
	0.9
	0.85
	0.81
	0.78
	0.75

	C
	1.07
	1.06
	1
	0.98
	0.99
	1.12
	1.41
	1.52
	1.39
	1.35
	1
	0.42

	D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	E
	1.5
	1.5
	1.5
	1.5
	1.5
	1.4
	1.25
	1.1
	1
	0.9
	0.8
	0.7

	F
	1.32
	1.44
	1.45
	1.59
	2.03
	2.08
	1.51
	1.06
	0.74
	0.62
	0.61
	0.44

	G
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	H
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	I
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	J
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	K
	1.65
	1.75
	1.7
	1.55
	1.35
	1.1
	0.9
	0.75
	0.65
	0.6
	0.6
	0.6

	L
	1.65
	1.75
	1.7
	1.55
	1.35
	1.1
	0.9
	0.75
	0.65
	0.6
	0.6
	0.6

	M
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1



Note that the profiles always refer to local time.

[bookmark: _Toc225174214]Annex 2

Default emission height profiles as proposed by the CAMS emissions (Kuenen et al. 2022) based largely on Bieser et al. (2011) are included below. The number represent the fraction of total emissions in each height class, hence the total over all size classes for each GNFR category is always equal to 1.

	GNFR Category
	0-20 m
	20-92 m
	92-184 m
	184-324 m
	324-522 m
	522-781 m
	871-1106 m

	A
	0
	0
	0.0025
	0.51
	0.453
	0.0325
	0.002

	B
	0.06
	0.16
	0.75
	0.03
	0
	0
	0

	C
	1
	0
	0
	0
	0
	0
	0

	D
	0.02
	0.08
	0.6
	0.3
	0
	0
	0

	E
	1
	0
	0
	0
	0
	0
	0

	F
	1
	0
	0
	0
	0
	0
	0

	G
	0.2
	0.8
	0
	0
	0
	0
	0

	H
	0.25
	0.25
	0.1
	0.1
	0.1
	0.1
	0.1

	I
	1
	0
	0
	0
	0
	0
	0

	J
	0
	0
	0.41
	0.57
	0.02
	0
	0

	K
	1
	0
	0
	0
	0
	0
	0

	L
	1
	0
	0
	0
	0
	0
	0

	M
	0.2
	0.8
	0
	0
	0
	0
	0



