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Introduction

This report serves as technical documentation for the MapElre model, which is pre-
pared by the Department of Environmental Science (ENVS) at Aarhus University (AU),
Denmark. The work is part of the project ‘National mapping of GHG and non-GHG
emissions sources’ (MapElre), which is funded by the Irish Environmental Protection
Agency (EPA) and is part of the EPA’s Research Call 2015 on Climate - Air Science
under the EPA Research Programme 2014-2020. The report documents the technical
prerequisites and the specifications for the model, and serves as documentation for
technicians installing and implementing the model as well as for future development
of the spatial distribution keys (GeoKeys) and the temporal distribution keys (TKeys)
used in the model as well as the model itself.

The MapElre model provides a high spatial resolution of Irish emissions, including all
sectors and pollutants in the national inventories of GHG and non-GHG emissions.
The MapElre model enables spatial emission mapping on two sectoral levels; no-
menclature for reporting (NRF) and gridded nomenclature for reporting (GNFR), and
on two spatial resolution levels; T km x 1 km and 0.1 degree x 0.1 degree.

Further, the MapElre model includes a module that adds a temporal component and
calculates spatio-temporal emissions on a spatial resolution of 1 km x 1 km and a
temporal resolution of 1 hour. The temporal distribution is based on three levels of
temporal profiles; hourly (24 hours), daily (7 days), and monthly (12 months).

The MapElre model is an integrated database system, and the modules and their
specifications are described in this report together with the requirement for installing
the model system. Further, the data tables in the model, including GeoKeys and
TKeys, are presented. The report is organised in five chapters:

e CHAPTER ONE gives an overview of the hardware and software require-
ments

e CHAPTER TWO describes the model development, here among information
on the data concept, input data and the content of the model

e CHAPTER THREE describes the individual parts of the MapElre model system

e CHAPTER FOUR describes spatial definitions and methodology for develop-
ment of GeoKeys

e CHAPTER FIVE describes temporal definitions and methodology for develop-
ment of TKeys

The technical documentation report is accompanied by a user manual providing
more detailed instructions for users of the MapElre model system.
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1 Software and hardware requirements

A number of requirements regarding hardware and software needs to be fulfilled in
order to be able to install and run the model. The aim is to prepare a model system
that is rather easy to operate for the end users, but that still manage to handle the
large data amounts and run complex calculations at high speed. The main require-
ments to hardware and software are:

e The client PC needs:

o MS Excel 2013 or newer

o MS Access 2013 or newer

o MS Windows 2010 or newer
e The server needs:

o MSSQL Server 2016

It is possible to install the MS SQL Server 2016 on the client PC. This is the recom-
mended setup because of the need for fast performance when running the model. It
is possible to back up the database file using a MS SQL Server Management task.

The database requires a minimum of 10 GB hard disk space plus hard disk space for
MS SQL Server. The model has been developed using a PC with i7 processor, 16 GB
Ram, and a dedicated hard disk for the database files and log files. The model has a
number of different setup opportunities, which are described in detail in the user
manual.
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2 Model description

An integrated database system as the MapElre model require a well organised setup.
The data concept has to be clear and the interrelationships between the incorpo-
rated parameters has to be precise and to the extent possible prevent the user to in-
troduce errors to the calculations. One example is to build in simple user interfaces to
minimise the risk of the user to introduce typing errors, another to define primary keys
in the database tables to avoid doublets in the data sets. This part of the report de-
scribes the definitions and tables comprising the base for the MapElre model system.

2.1 The data concept
The core data can be categories as Facts (e.q. emission) or Dimensions (e.qg. pollutant
and sector) and a hierarchy.

The following dimensions are included in the MapElre model:

e Spatial dimension

e Temporal dimension
e Sectoral dimension
e Pollutant dimension

The hierarchies included in the model are:

e Spatial hierarchy; National, 0.1 degree x 0.1 degree grid, 1 km x 1 km grid.

e Temporal hierarchy; Year, Month, Day, Hour.

e Sectoral hierarchy; AllSectors (national total), GSector (GNFR sector), Sector
(NFR/CRF sector)

e Pollutant has no hierarchy; Pollutant

The bold names show the hierarchy level stored in the database. The other levels has
to be calculated.

Dimensions are stored at the most detailed level, except for the temporal dimension,
which is stored at the most aggregated level and has to be disaggregated via tem-
poral distribution tables (month, weekday and hour). Disaggregation of temporal di-
mensions are normally only for visualization purposes. The spatial dimension stores
the emissions at national level and at 1 km x 1 km grid level. The national level is the
level of the input data to the system (emissions from NFR and CRF reports).

The Facts included in the MapElre model are;

e Emission (the national level)
e GEmission (the 1 km x 1 km grid cell level)

The MapElre model system is very comprehensive and operate at a highly disaggre-
gated level regarding both spatial and sectoral resolution. Further, the model covers
all pollutants included in the NFR and CRF reports, see Table 1.
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Table T Pollutants included in the MapElre model

Pollutant group Pollutant

Main pollutants NOy

NMVOC

SOy

NH3

Particulate matter PM,s

PM:[O

TSP

BC

Other Cco

Priority heavy metals Pb

Cd

Hg

Additional heavy metals As

Cr

Cu

Ni

Se

Zn

Persistent organic pollutants, POPs | PCDD/PCDF (dioxins/furans)
Bbenzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene
PAH

HCB

PCBs

Greenhouse gases, GHG CHa

CO;

N.O

HFCs

PFCs

SFe

NF;

The resulting size for the dimensions and potential and actual resolution of the model
is listed in Table 2.

Table 2 Size for the dimensions, and potential and actual resolution of the model

Dimension Size

Spatial 741,275 (1 km x1 km squares inside the
Irish Exclusive Economic Zone (EEZ))

Temporal 2+ (2015, 2016, .)

Sectoral 138 (From NFR and CRF)

Pollutant 32 (From NFR and CRF)

Potential resolution 3.273.470.400 for each year

Actual resolution in database ~49 millions
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2.2 Implementation

The data concept is implemented in a database system with numerous tables. Figure
1 shows the dimensions and the Fact GEmission implemented as tables in a data-
base. Each table has columns describing the dimension or fact. The fact table
dbo_FactGEmission has the data columns GEmission and Fraction and the rest of the
columns in the table are the relations to the dimensions tables. The lines between ta-
bles also shows the relationships. The dimensions tables are descried in details in
chapter 3.2.

When at table is prefixed “dbo_" it is stored in the MS SQL Server MapkElre. Else the ta-
ble is stored in an MS Access file.

Figure 1 Dimensions and Fact GEmission implemented as tables in a database

DimYear DimGrid1km
? 1 ID_1kmIE
YearName Grid1kmlE
Yc_TMBS
¥e_TMES
dbo_FactGEmission
DimSector F Year ID
7D - ® sectorID
GNFR_Code ? Pollutant_ID
- . - DimGridkmTo01deg
NFR_Code # Gridcell_ID
Longname Fraction 1D_TkmIE
CRF_Mame GEmission Grid1kmlE
remark — ID_01glE
Exclude - Grid01glE
Yo WiG584
Xc WGS84
DimPollutant DimGrid01deg Share
7 D OBJECTID
PolOrder Shape
Pollutant Shape_Length
PalMame Shape_Area
PolGroup Grido1glE
unit Yo WGSBS
remark Xe WG584
GWP Share
ID_01glE —

2.3 Input data for the spatial model system

There are three external data sources for the spatial model system. The NFR Report,
the CRF Report and the GeoKeys. The NFR and CRF tables holds emissions data at
the national level. The national total emissions from the NFR and CRF are spatially
disaggregated to the 1 km x T km grid for Ireland using GeoKeys, which are tables
holding the fraction of the national total emission to be allocated to the individual
grid cell. The GeoKeys are described in chapter 4, including descriptions of the meth-
ods and spatial data used.

2.3.1 NFR Report

The NFR holds national total emissions for air pollution for the sectors, pollutants and
years defined in the UNECE reporting guidelines.

Input data from the NFR are stored in the model for all reporting years. NULL and O
(zero) values are not imported from the NFR report to the model nor are notation keys
(NA, NE, NO, IE, NR, C).

The national total emissions from the NFR report are stored in the table FactEmission.
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Figure 2 The dbo_FactEmission table store Emission from the NFR report.

DimPollutant _ .
DimSector DimYear
% 1D _ _
PalOrd N 71D 7 I
p0|| ; E; GMNFR_Code YearName
i MNFR_Code
PalMame
PolG Longname
o CRF_Mame
unit
k remark
o Exclude
GWP

N

dbo_FactEmission

7 Year_ID L

? sector ID

¥ Pollutant_ID
Emission

2.3.2 CRF Report

The CRF holds national emissions for greenhouse gases for the sectors, pollutants and
years defined in the UNFCCC reporting guidelines. Data for the reporting years are
stored in separate CRF tables.

Input data from the CRF report is stored in the model for selected years. NULL and O
(zero) values are not imported from the CRF to the model, and neither are the nota-
tion keys NA, NE, NO, |IE and C.

It is possible to configure, which CRF variables to import to the table CRF_Variable in
the CRF_Import database.

The CRF holds both aggregated f-gas emissions in CO2 equivalents (Table2(1)) and
specific f-gas emissions in tonnes (Table2(l1)B-Hs1 and Table2(I1)B-Hs2). Recalcula-
tion of f-gas emissions from mass unit to CO2 equivalents are made using the GWP
factors included in the dimension table DimPollutant.

All emissions from the table Table2(I1)B-Hs2 (“From manufacturing”, “From stocks”,
and “From disposal”) in the CRF_Variable table have to be selected. The import func-
tion automatically sum up the three sources to one emission value.
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Figure 3 CRF Variable table in CRF importer

DimSector DimPollutant
7D »—| %D
GMFR_Code PolCrder
MFR_Code Pollutant
Longname r PolMame
CRF_Mame PolGroup
remark unit
Exclude remark
GWP
CRF Vanable
¥ sheethame
T Cellref
CRF_Mame
Pollutant -J

|—< SectorlD

uid
Mote

2.3.3 GeoKeys

Spatial distribution keys (GeoKeys) holds information on how emissions are distrib-
uted spatially in the MapElre model. The tables including shares of emissions to be al-
located to the individual cells inthe 1 km x 1 km grid. GeoKeys are prepared from
various data sources including a spatial component in a GIS or in Excel, and the reg-
uisite information is exported and stored in GeoKey tables in the GeoKeys_Fi-
nal_to_model.mdb database. The GeoKey tables include reference to the grid cells
and the year, and the share of emission.

A comprehensive description of the GeoKeys included in the MapElre model, includ-
ing the methodology and basis dataq, is given in Chapter 4.

2.4 Spatial distribution

The spatial emission for a given year, sector, pollutant and grid cell is calculated as:
GEmission = Emission * Share

Where Emission is the national total emission for a pollutant from a given sector in a
given year, and where Share is a value between 0 and 1, specifying the share of the
national emission to be allocated to the individual grid cell in the

1 km x 1 km grid. The sum of all grid cells’ shares for a given sector is 1.

Share is stored in the GeoKey tables, and the relationship between emission sectors
and GeoKeys is managed in the spatial model.

2.5 Temporal distribution
The temporal emission for a given year, sector, pollutant and grid cell is calculated as:
TEmission = Emission * TShare

where TShare is a value between 0 and 1.
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TShare is calculated for each sector as:
TShare = Share(month) * Share(weekday) * Share(hour)

where Share(month), Share (weekday) and Share(hour) are values between 0 and 1,
and individually sum up to 1 for each sector.

The number of possible temporal combinations for each sector is 12 months * 7 week
days * 24 hours = 2016.

2.5.1 The implementation

The temporal data is imported from an Excel sheet prepared by the sector experts.
The imported sector specific temporal profile data are stored in the tables inMonth,
inWeekDay and inHour. From the three levels of temporal profiles, the combined
temporal shares can be calculated. The combined shares is stored in the table
MonthWeekDayHourKey.

Figure 4 The tables in the temporal database

DimPollutant MonthDayHour inMonth
? 0 MonthDayHourlD / Month -~
% tMonth Value v
¥ tDay
¥ tHour
¥ PollD inWeekDay
TimeFrac -
DimSector WeekDay
- GNFR Value -
¥ D ¥ NFR
inHour
Hour -
Value A
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3 The MapkElre system and its parts

The MapElre model system is divided in functional parts for importing, calculation
and reporting. The parts are made in MS Excel, MS Access and MS SQL server.

The top level parts are:

e MapéElre; the MS SQL Database that stores all the Fact tables and is used by
most parts of the system

¢ Ireland_Dimensions_dw; a MS Access database that stores all the Dimension
tables and is used by most parts of the system

e NFR_Importer; a MS Access database used for import of data from the NFR
Report

e CRF_lmporter; a MS Access database used for import of data from the CRF
Report

e GeoKeys_Final_to_model; a MS database that stores all GeoKeys used for
calculation of spatial emissions

o GKey_Manage; a MS Access database used to manage GeoKeys and for
calculation of spatial emissions

e QC; aMS Access database for data quality control.

¢ MapElre_Reporting; a MS Access database used for calculation of emissions
for reporting to the UNECE LRTAP convention

e MapDatebasesMake; a MS Access database for making map data to be
used in GIS like ESRI ArcMap

o TempMapEire; a MS Access database for calculation temporal emission for a
subset of the spatial emissions.

3.1 MaptEire database
The MS SQL Server database stores all the fact tables. The database has the follow-
ing tables:

e dbo.FactEmission; stores all the imported emissions at national level

e dbo.FactGEmission; stores all the spatial emissions at 1 km x 1 km grid level.
This table has a Non Clustered Column Store Index for optimizing calculation
of aggregations (MS SQL server technology, from version 2016)

3.2 Dimensions database
The MS Access database Ireland_Dimensions_dw stores all the dimensions tables:

e DimYear; 1987 to 2030.

o DimSector; all sectors from NFR and CRF, including sectors that are not cur-
rently used in the Irish emission reporting, to enable incorporation in the
MapElre model if emissions are being reported in the future

e DimPollutant; Pollutants from the NFR (air pollutants) and CRF (greenhouse
gases)

e  DimGrid1km; all cells inthe 1 km x 1 km grid prepared for use in the MapElre
model including both land and sea area
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e DimGrid01deg; all cells in the 0.1 degree x 0.1 degree grid prepared for use
in the MapElre model including both land and sea area

o DimGrid1TkmTo01deg; relationship between grid cells and shares for recalcu-
lation of emissions between the 1 km x 1 km grid and the 0.1 degree x 0.1
degree grid

3.3 NFR_Importer database

This MS Access database is used for import of data from the NFR Report to the
MapElre database. The database links to the following tables in Ireland_Dimen-
sions_dw database and MapkElre:

DimPolluntant
DimYear
DimSector
dbo.FactEmission

Further, an Excel macro sheet is used to generate an xml file for import of data.

3.4 CRF_lmporter database

This MS Access database is used for import of data from the CRF to the MapElre data-
base. The database links to the following tables in Ireland_Dimensions_dw database
and MapéElre:

e DimPolluntant

e DimYear

e DimSector

e dbo.FactEmission.

The table CRF_Variables is used to specify which CFR variables that is to be im-
ported.

3.5 GeoKeys_Final_to_model

This MS Access database is storing all GeoKeys used in the spatial model. The spatial
distribution keys are prepared in GIS or in spread sheets depending on the type of
background data. The spatial distribution keys often include more information than
needed in the spatial model, e.q. keys prepared in GIS might be saved as shape files.
The relevant information from the spatial distribution keys are extracted in database
tables (GeoKeys) and stored in the GeoKeys_Final_to_model database.

The GeoKeys include the parameters:

ID_1kmlE; Grid cell ID

Grid1kmlE; Grid cell name

Year; Year (Year="9999" if the GeoKey is used for all years)
Share; Share of sectoral emission

3.6 GKey_Manage
This MS Access database is used for managing the GeoKeys and for spatial distribu-
tion of emissions.

The spatial emissions are calculated from the national total emissions and the shares
in the GeoKeys. The relationship between emission sectors (NFR/CRF) and GeoKeys
are managed in the GKey_Manage database. The database includes links to all
GeoKeys that is used for calculation of spatial emissions.
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The GeoKeys have to be defined in the GKey table. Relationships between emission
sectors and GeoKeys are created using the form frmGKey_Sector_AlIPol_Add for
GeoKeys that apply for all pollutants in the sector and the form frmGKey_Sec-
tor_Pol_Add for pollutant specific GeoKeys that apply for one or part of the pollutants
in the sector.

The national emissions are available in the linked table dbo_FactEmis and the calcu-
lated spatial emission are stored in the linked table dbo_FactGEmis, both handled in
the MS SQL Server.

The GKey_Manage database include the tables, forms and queries listed below.

Tables:

e Links to dimensions tables, see Chapter 3.2

o Links to GeoKey tables, see Chapter 3.5

o GKey; name and ID for all GeoKeys

e GKey_Sector_Pollutant; relationship between emission GeoKey, sector and
pollutant

e dbo_FactEmis; national total emissions on NFR/CRF sector level

o dbo_FactGEmis; spatial emissions with a resolution of 1 km x 1 km on
NFR/CRF sector level

o frmGKey_Sector_AllPol_Add; to assign the relationship between GeoKey
and sector

o frmGKey_Sector_Pol_Add; to assign the relationship between GeoKey, sec-
tor and pollutants

e frmLoadMAPEire; used for calculation of spatial emissions (GEmissions), see
Chapter 3.6.1

Queries:

e qGKey_Sector; returning a list of all relationships between GeoKeys and sec-
tors.

e qGKey_Sector_Pollutant; returning a list of all relationships between
GeoKeys, sectors and pollutants.

e qSector_PolWithNoGKey; returning a list of all combinations of sectors and
pollutants that are not assigned a GeoKey.

e gSectorWithNoGKey; returning a list of sectors that are not assigned a
GeoKey for any pollutant.

o qdbo_FactGEmission_AddPAH; used for calculation of spatial emissions og
PAHs (GEmissions), see Chapter 3.6.1

3.6.1 GEmission calculation

This part of the system performers the calculation of the spatial distribution of the na-
tional emissions and is built into the GKey_Manage database using the following pro-
cedure:

Forms:

frmLoadMAPEire: From this form the user select a year for calculation and the form
execute a series of append queries made by code in the form. The internal append
query calculates the distribution for all combinations of GeoKey and sector, and ap-
pend the result to dbo_FactGEmission. The progress of the calculations are logged in
the log file MapEireCalcLog.txt. The calculation for one year can take more than 24
hours.
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Queries:

qGKey_Sector: The query is used by the code in the form frmLoadMAPEire, which ex-
ecute an append query for every record in the table qGKey_Sector
qdbo_FactGEmission_AddPAH: Distribution of PAHs emissions are handled sepa-
rately due to the data format in the CRF reporting tables. After the distribution of
emissions other than PAHSs, the distribution of PAHs can be calculated by this query.
PAHs emissions as the sum of benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluo-
ranthene and indeno(1,2,3-cd)pyrene are stored in the database. Note: This function
has to be automated in the form frmLoadMapElre in next version. At the moment the
user has to this himself.

3.6.2 Quality control

The MS Access database QC.accdb is used for quality control of data import and dis-
tribution. The query gQC sums the GEmissions against the NRF and CRF totals
(runtime: some minutes).

3.7 MapkEire_Reporting
This MS Access database is used for generating spatial emission in an output format
useful for reporting of gridded emissions to the UNECE LRTAP convention. The sec-

toral aggregation level is GNFR and the spatial resolution corresponds the 0.1 degree
x 0.1 degree EMEP grid.

Tables:
Link to dboFactGEmission, see Chapter 3.1
Links to DimGrid 1km, DimGrid01deg, DimGrid1kmToO1deq, see Chapter 3.2

Queries:

gGNFR_Report_Crostab: Makes the dataset for the UNECE LRTAP convention in the
reporting format. It is possibly to copy and paste the result to the Excel reporting table.
The database has a set of queries which can be used as template for user-specified
queries.

3.8 MapDatabasesMake

This MS Access database can generate datasets to be used in a geographical infor-
mation system, GIS. It generates a data set for each GNFR category, for NFR total,
and for CRF total. It generate the data set in the form of database tables in separate
MS Access databases, which can be access from a GIS.

3.9 TempMapeEire

The MS Access database TempMapeElre is used for calculation of temporal emissions.
The temporal model potentially generates very large data amounts. To reduce the
data amounts and thereby increase the model performance, the user must define
start data, end date, sector and pollutant for the temporal calculation, e.g. NOx emis-
sions (pollutant: nox) from passenger cars (sector: 1a3bi) for February 2016 (start
date: 2016-02-01, end date: 2016-03-01).

The database generates a table with spatio-temporal emissions including time data
in a format, which can be used in ArcGIS to make hourly maps, which again can be
used to prepare animations of spatio-temporal emissions.

The database include the following tables:
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inHour, inWeekDay and inMonth: imported temporal profiles from spread-
sheet.

MonthDayHour: combined temporal profile calculated from inHour, in-
WeekDay and inMonth in model time.

DayHourlookup: supporting table for day intervals to day numbers
tblCalenderHour: supporting table with real world dates on hourly basis.
Used when model time is mapped to real world time.

TimeEmission: The result table for temporal emissions for a user selected
subset of data to be used in GIS.

Link to dboFactGEmission

Links to the dimensions tables DimGrid1km, DimPollutant, DimSector and
DimYear

The main queries in the database are:

qMonthWeekDay_Add: Calculates the combined temporal profiles from in-
data

gTimeEmission_Add: Calculates the time based emissions based on tem-
poral profiles and spatial emissions from the FactGEmission table.

How to use the TempEmission table in ArcGIS is described in the User manual.
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4 GeoKey development

A GeoKey is a normalized table holding shares of a national total emission, e.g. NOx
from road transport in 2015, which should be allocated to the individual cells in a
predefined grid.

All NFR/CREF sectors in the Irish emission inventory are assigned a GeoKey in the
MapElre model. The GeoKeys are prepared from the most detailed, complete and
accurate data available, the best being data on source level.

A GeoKey is stored as a database table including the parameters as shown in Table
3.

Table 3 Parameters used in the definition tables of GeoKeys.

Field name | Description Data type
ID_TkmlIE Grid cell Long integer
Grid1kmlE Grid cell name Text (Length=20)
Year Year (Year="9999" if the GeoKey is Text (Length=4)
used for all years)
Share Share of sectoral emission Decimal (settings: Preci-
sion=19, Scale=18)

The methodology for preparing GeoKeys depends on the characteristics of the emis-
sion source; if it is a point source with a known geographical location, or if is an area
source where emissions occur from an area or from small point sources that cannot
be treated individually.

For emission sources that are included in the emission inventory as point sources, the
GeoKeys are based on the point source data available in the inventory. This can be
emissions, fuel consumption, or activity level (e.g. production). In some cases, the ad-
dresses for point sources are available without further details, and GeoKeys are cre-
ated to distribute the emissions evenly between the address points

Many sources in the emission inventory are area sources, which refer to emissions
that come from small point sources that are too large in number to be treated individ-
ually, from line sources like roads and railways, or from area sources like fields or
other areas with common land use. GeoKeys for area sources either distributes the
emissions to the relevant areas evenly according to the share of areq, or weighted by
other proxy data like statistics. Statistics are often available on an aggregated level
e.g. by small areq, electoral districts or county. In this case land use data can be used
to improve the spatial emission distribution, e.q. by excluding areas where a specific
source does not occur.

4.1 General methodology

GeoKeys for point sources are prepared in spreadsheets, as the inventory data it is
based on. The point sources are geocoded based on address or facility name. When
none of these is included in the inventory dataq, the locations of facilities are found via
internet searching. All point source locations are geocoded using the common pro-
jection of the MapElre model; the Irish projection TM65.

GeoKeys for area sources are prepared using the Geographical Information System
ArcGIS. Spatial data are collected from different sources and data providers, and
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might have different projections, which has to be aligned before further data pro-
cessing. The overall methodology for the GIS processing of digital spatial data is to
intersect a feature data set (e.g. grassland area or road network) with the grid (e.q.
the 1 km x 1 km grid used in MapElre, WL_1kmlIE), and following calculate the share
of the total feature layer located in each grid cell (e.qg. share of total grassland area or
share or total road length).

4.2 Sector specific GeoKeys

GeoKeys are prepared from the most detailed, complete and accurate data availa-
ble, the best being data on source level. Pollutant and/or year specific GeoKeys are
prepared for sectors if detailed emissions or activity data is available, e.q. data from
PRTR reporting or information provided by individual plants, facilities or companies. If
less detailed data are available, the sectoral GeoKeys are used for all pollutants
and/or for all years, causing similar spatial emission patterns for the sector for all pol-
lutants and/or all years included in the model. This is most likely not the case, but a
necessary assumption in the spatial emission model due to data limitations.

A number of GeoKeys are a combination of two or more sub-sector keys. When a
NFR sector covers both point sources and area sources, e.g. Non-ferrous metals (NFR
category 1A2b) where 85 % of the emissions are covered by point sources, a spatial
distribution key is prepared from the point source data. The remaining emissions from
the sector will be allocated using a spatially distribution based on more general data,
e.g. heat demand for industrial buildings. The sectoral GeoKey will be calculated as
an average of the two spatial distributions, weighted by the share of emissions from
point sources and area sources, respectively.

Table 4.a-d give examples on GeoKeys for Industrial waste incineration (5C1bi), Lime
production (2A2), Other metal production (2C7c), and Public electricity and heat pro-
duction (TA1q). These GeoKeys are all based on point source data with different

level of details, and the resulting GeoKeys exemplifies the different types of GeoKeys;

The GeoKey for 5C1bi is based on activity data for the latest reporting year to PRTR,
and the same GeoKey is used for all years and all pollutants.

The GeoKey for 2A2 is based on annual plant specific activity data, and enabling the
creation of year specific GeoKeys.

The GeoKey for 2C7c is based on PRTR data from the latest reporting year, which are
available for selected pollutants. For this sector, pollutant specific GeoKeys are pre-
pared for Cd, Pb and Zn, plus a GeoKey for all remaining pollutants.

The GeoKey for 1A1a is based on emissions and fuel consumption data from ETS re-
porting. Year and pollutant specific GeoKeys are prepared for SO2 and NOy, plus a
year dependent GeoKey for all remaining pollutants.
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Table 4 Example of GeoKeys for a) industrial waste incineration, b) Lime production,
c) Other metal production, and d) Public electricity and heat production

a) GeoKey for Industrial waste incinera-
tion (NFR sector 5C1bi)

5C1bi

ID_1kmlIE | Grid1kmlE |Year| Share [
312044 * 99991(0.4133
319400 * 999910.2686
320143 * 999910.0220
444769 * 999910.0388
444772 * 999910.2571
449545 * 999910.0002
SUM | ] 7

b) Year specific GeoKey for Lime pro-
duction (NFR sector 2A2)

2A2
ID_1kmlE | Grid1kmIE |Year| Share
479066 . 201405177
405895 . 2014|0.2582
401438 * 2014|02242
479066 . 2015/0.4375
405895 * 2015/0.3020
401438 . 2015/0.2605
SUM 2

c) Pollutant specific GeoKey for lead
(Pb) for Other metal production (NFR
sector 2C7¢)

2C7¢_Pb
ID_1kmlIE | Grid1kmIE |Year Shqre|
324905 * 9999/0.2439
324906 * 9999(0.2683
353337 * 9999(0.2439
| 430786 * 19999 0.2439
| sum | | 7

d) Year and pollutant specific GeoKey
for pollutants other than SO2 and NOx for
Public electricity and heat production
(NFR sector 1ATq)

TAla_rest

ID_1kmlIE | Grid1kmIE |Year| Share
441859 * 2014) 01115
320849 . 2014 00537
327315 . 2014 00007
357859 . 2014) 00057
383901 . 2014) 00017
385914 . 2014 03582
430786 . 2074| 0.0423
320150 . 2014 00618
433804 . 2014 00663
444775 * 2014\ 0.0457
446896 . 2014 0.1037
447964 . 2014 0.0008
446897 * 2014\ 00752
516580 . 2014 00007
447897 . 2014 00007
473103 * 2014 00747
320150 * 2015/ 0.0677
320849 * 12015| 0.0324
473103 * 2015 0.0767
327315 * 2015/0.00001
357859 * 2015| 0.0492
447964 * 12015| 0.0003
433804 * 2015| 0.0615
385914 * 2015| 0.4075
446896 * 2015 0.1023

| 447897 * 12015| 0.0003
430786 * 2015| 0.0196
446897 * 2015/ 0.0094
516580 * 2015| 0.0002

| 441859 * 12015| 0.0995
444775 * 2015| 0.0716
383901 * 2015| 0.0016
SUM 2
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4.2.1 General GeoKeys

If source specific data are not available, spatial proxy data are used to prepare the
GeoKeys, preferably on sector level, but in cases where no spatial sector specific
data exists or are available the GeoKeys are based on general spatial datq, e.g.
buildings, heat demand or population. Even if general GeoKeys are prepared from
detailed, complete and accurate spatial data, the appropriateness as proxy for a
given emission sector might be poor, which is often the case when population den-
sity is used as proxy.

In other cases the GeoKey is based on spatial data that serves as a good proxy, but
that is poor regarding accuracy, spatial resolution or that is out-of-data, an example
being the use of catching statistics by ICES areas as a proxy for emissions from fish-
ing, due to the low spatial resolution of the spatial data. Another example is the use
of CORINE land cover (CLC) maps to prepare GeoKeys for the LULUCF sector. This
satellite based pan-European map has considerable uncertainties when applied on
a national scale regarding geographical demarcation of features and assigned land
use cateqgory.

4.3 Spatial definitions

The MapElre model is prepared in consideration of a number of spatial definitions
agreed on in the steering committee, regarding projection, geographic scope and
grids. The spatial definitions are described in details in the following chapters.

43.1 Projection

The Irish grid TM65 (EPSG 29902) is used in the emission mapping model. Geodata
provided in other projections, e.g. TM75 (EPSG 29903) and IRENET95 (EPSG 2157)
are reprojected using the built-in projection transformations in ArcMAP, e.q.
“TM65_To_WGS_1984_2" and “TM75_To_WGS_1984_2". Details for the TMé5 projec-
tion are included in Table 5. Reprojection of coordinates for point sources is made in
the program Franson CoordTrans (http://coordtrans.com/coordtrans/).

Table 5 Details for the Irish grid TM65
TM65_Irish_Grid
WKID: 29902 Authority: EPSG

Projection: Transverse_Mercator
False_Easting: 200000,0
False_Northing: 250000,0
Central_Meridian: -8,0
Scale_Factor: 1,000035
Latitude_Of_Origin: 53,5

Linear Unit: Meter (1,0)

Geographic Coordinate System: GCS_TM65
Angular Unit: Degree (0,0174532925199433)
Prime Meridian: Greenwich (0,0)
Datum: D_TMé65
Spheroid: Airy_Modified
Semimajor Axis: 6377340,189
Semiminor Axis: 6356034,447938534
Inverse Flattening: 299,3249646
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4.3.2 Borders

The geographical scope of the spatial emission model is the Irish territory, and the ex-
clusive economic zone (EEZ) is used as line of demarcation of the sea area. The
coastline provided by EPA is used as line of demarcation of the land area.

4.3.2.1 EEZ

The shape of the Irish EEZ is based on data from MarineRegions.org. The data has
been manually edited to complete the geometry and extent the EEZ line to the meet
the coastline. The resulting layer is a polygon covering the Irish land and sea area.

43.2.2 Coastline

The coastline shapefile provided by the Irish EPA (“ADMIN_Coast.shp “) is used as line
of demarcation of the land area towards the sea.

43.2.3 National border

Different spatial data are available that include the national border between the Re-
public of Ireland and Northern Ireland (“Census2011_Small_Areas_generalised20m”
(data source: CSO), “Census2011_Garda_Districts_Nov2013” (data source: CSO),
“Census2011_Constituencies_2013" (CSO), “Agri” (data source: latest gridded emis-
sion inventory), and “northern_ireland_counties” (data source: ShareGeo Open,
http://www.sharegeo.ac.uk/).

Analysis of the spatial data shows only smaller differences between the country bor-
der between the Republic of Ireland and Northern Ireland. In most cases the differ-
ence is below 25 meters, and of minor importance for gridding of emissions on a grid
with a resolution of T km x 1 km.

Based on the analysis, the data set “Census2011_Garda_Districts_Nov2013” pro-
vided by CSO is used as line of demarcation for the Republic of Ireland, as this layer
corresponds well with maps including regions in Northern Ireland, and as this layer
follows the coastline rather than the administrative boundaries along water bodies.
The file is stored as:

\\MapElre\DataLibrary\Borders\Borders.mdb\NationalBorder

43.2.4 Border files
File File location
EEZ \\MapElre\DataLibrary\Borders\Borders. ndb\EEZ
Coastline \\MapElre\DatalLibrary\Borders\Borders.mdb\Coastline
National border | \\MapElre\DataLibrary\Borders\Borders.mdb\NationalBorder

4.4 Grids

44,1 Grid Tkm x Tkm

A grid with a resolution of 1 km x 1 km is developed for the spatial emission model,
using the standard tool “Create Fishnet” in ArcMap. The fishnet is created so that the
corners of the grid cells follow the 1 000 meter x-axis and y-axis in the TM65 projec-
tion (EPSG 29902). The grid covers a square around the Exclusive Economic Zone
(EEZ). The extent and resolution are defined by the following parameters:
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Extent Bottom: -365 000

Top: 630 000

Left: -360 000

Right: 385 000
Resolution | Width: 1 000 m

Height: 1 000 m

Size Number of rows: 995
Number of columns: 745

Using the calculate geometry tool in ArcMAP, each grid cell is applied X and Y coor-
dinates for the centroid (Xc and Yc).

The grid cells are named according to the location of the lower left corner and the
grid resolution;

IE_1km_t£Y_£X

where Y and £X are the Y and X coordinates for the lower left corner rounded down
to nearest full kilometre (e.q. the point (-296 713.384, 158 922.683) will be given the
grid ID Tkm_158_-297).

By using a name convention based on the X and Y coordinates, it is easy to apply
grid cell name to point sources, which are defined by their exact location (X,Y), and
following to summarise emissions from point sources and area sources per grid cell,
without using GIS. Grid cell names are applied using the standard tool “Calculate
Field” in ArcMAP with the script;

Grid1kmlE: CStr("1km_" & (IIf([Yc_TM65]<0 And [Yc_TM65]>-1000;-
1;(I1f([Yc_TM65]<1000 And
[Yc_TM65]>=0;0;Left((I1f([Yc_TM65]<0;([Yc_TM65]-1000);[Yc_TM65]));(
IIf((Len((CStr((Round((IIf([Yc_TM65]<0;([Yc_TM65]-
1000);[Ye_TM65]));0))))))>2;(
Len((CStr((Round((lIf([Yc_TM65]<0;([Yc_TM®65]-1000);[Yc_TM651));0))))))-
3;0))))) & "_" & (IIf([Xc_TM65]<0 And [Xc_TM65]>-1000;-
1;(I1f([Xc_TM65]<1000 And

[Xc_ TM65]>=0;0;Left((IIf([Xc_TM65]<0;([Xc_TM65]-1000); [Xc_TM65]));(
[If((Len((CStr((Round((IIf([Xc_TM65]<0;([Xc_TM®65]-
1000);[Xc_TM65]));0))))))>2;(
Len((CStr((Round((lIf([Xc_TM®65]<0;([Xc_TM65]-1000);[Xc_TM®651));0))))))-
3;,0)0M)

Correspondingly Grid ID can be applied in Access using the query:

Grid1kmlE: CStr("1km_" & (lIf([Northing]<0 And [Northing]>-1000;-
1;(1If([Northing]<1000 And [Northing]>=0;0;Left((IIf([Northing]<0;([North-
ing]-1000);[Northing])); (IIf((Len((CStr((Round((IIf([Northing]<0;([Northing]-
1000);[Northing]));0))))))>2;(Len((CStr((Round((IIf([Northing]<0;([Northing]-
1000);[Northing]));0))))))-3;0))))))) & "_" & (lIf([Easting]<0 And [Easting]>-
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1000;-1;(lIf([Easting]<1000 And [Easting]>=0;0;Left((lIf([Easting]<0;([East-
ing]-1000);[Easting]));(IIf((Len((CStr((Round((lIf([Easting]<0;([Easting]-
1000);[Easting]));0))))))>2;(Len((CStr((Round((lIf([Easting]<0;([Easting]-
1000);[Easting]));0))))))-3;0))))))

Four separate grids are prepared for;

e G_1kmlE, for the area (square) defined by the parameters above

e WL_1kmlE, for the area defined by the Irish EEZ including both land and sea
area

e W_1kmlE, for the sea area defined by the EEZ and the coastline

e L _1kmilE, for the land area defined by the coastline

442 Grid0.1°x0.1°

A grid with a spatial resolution of 0.1° x 0.1° in the projection WGS84 (EPSG 4326),
following the definitions for the EMEP grid, is developed for reporting of spatial emis-
sion to LRTAP, using the standard tool “Create Fishnet” in ArcMap. The fishnet is cre-
ated so that the corners of the grid cells follow the 0.1° x-axis and y-axis. The grid co-
vers a square around the Exclusive Economic Zone (EEZ). The extent and resolution
are defined by the following parameters:

Extent Bottom: 47.0

Top:57.0

Left:-17.0

Right: -4.0

Resolution | Width: 0.1°

Height: 0.1°

Size Number of rows: 100
Number of columns: 130

Using the calculate geometry tool in ArcMAP, each grid cell is applied X and Y coor-
dinates for the centroid (Xc and Yc). The grid cells are named according to the loca-
tion of the centroid and the grid resolution;

0lg tYc_xXc

where Y and £X are Yc and Xc coordinates rounded to two decimals.

By using a name convention based on the X and Y coordinates, it is easy to apply
grid cell name to point sources, which are defined by their exact location (X,Y), and
following to summarise emissions from point sources and area sources per grid cell,
without using GIS. Grid cell names are applied using the standard tool “Calculate
Field” in ArcMAP with the script:

GridO1glE: CStr("01g_" & Round([Yc_WGS84],2) & " " &
Round([Xc_WGS84],2))

Two separate grids are prepared for;

e G_O01glE, for the area corresponding to G_1kmlIE
e WL _01glE, for the area corresponding to WL_1kmlE
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443 Conversion from the 1x1 km grid to the 0.1x0.1 ° grid

A conversion table is created for reallocation of emissions from the 1T km x 1 km grid
tothe 0.1 °x 0.1 ° grid, including the share of each 1 km x 1 km grid cell to be allo-
cated to the intersecting 0.1 ° x 0.1 ° grid cells. The conversion shares in the list are
based on an intersection of the 1 km x 1 km grid and the 0.1 ° x 0.1 ° grids covering
the Irish territory (land and sea area).

444  Gridfiles
A number of grid files are included in the MapElre model with different spatial resolu-
tion and of different extend. The grid files are listed in Table 6.

Table 6 Grid files in the MapElre model

File File location

G_1kmlE \\MapElre\DataLibrary\Grids.ndb\G_1kmlE

WL_1kmlE \\MapElre\DatalLibrary\Grids.mdb\WL_1kmlIE

W_1kmlE \\MapElre\DataLibrary\Grids.ndb\W_1kmIE

L_1kmlE \\MapElre\DatalLibrary\Grids.mdb\L_TkmIE

G_01qglE \\MapElre\DataLibrary\Grids. ndb\G_01gIE

WL_01glE \\MapElre\DatalLibrary\Grids.ndb\WL_01gIE

Conversion from \\MapElre\DataLibrary\Grids.mdb\Share_of_1km_to_01g
1xTkm grid to

0.1x0.1° grid

4.5 GeoKeys

An overview of development of the GeoKeys used in the Irish emission mapping
model is included in the following chapters.

The GeoKeys are prepared in GIS (ArcMAP) and databases (MS Access) and the final
GeoKeys for use in the emission mapping model are collected in the database
GeoKeys_to_model.mdb. Where data is available for more years, time-series have
been prepared for the GeoKeys. Table 7 lists the GeoKeys, for which time-series are
included in the spatial model, including information on background data and the
years for which GeoKeys are available.

Table 7 GeoKeys with time-series

Gkey NFR/CRF Years Data source

TATa_rest Public electricity and heat pro- 1990-2015 | Point source data
duction

1Alc Manufacture of solid fuels and 1990-2015 | Point source data
other energy industries

1A3ai(i) International aviation LTO (civil) | 1990-2015 | Inventory data

1A3qii(i) Domestic aviation LTO (civil) 1990-2015 | Inventory data

1A3aiilii) Domestic aviation cruise (civil) 1990-2015 | Inventory data

1A3c Railways 2011,2016 | Irish rail

1BTa_Han- | Fugitive emission from solid 1990-2015 | Inventory data

dling fuels: Coal mining and handling

2A1 Cement production 1990-2015 | Inventory data

2A2 Lime production 1990-2015 | Inventory data

2A4d Mineral industry - Other process 1990-2015 | Inventory data
uses of carbonates - Other

2C2_Cd Ferroalloys production 1990-2015 | Inventory data

2C2_Pb Ferroalloys production 1990-2015 | Inventory data

2C2_PM Ferroalloys production 1990-2015 | Inventory data
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3Bl1a Manure management - Dairy 2000, 2010 | CSO, Census of
cattle Agriculture 2010
3B1b Manure management - Non- 2000, 2010 | CSO, Census of
dairy cattle Agriculture 2010
3B2 Manure management - Sheep 2000, 2010 | CSO, Census of
Agriculture 2010
3B4e Manure management - Horses 2000, 2010 | CSO, Census of
Agriculture 2010
3Baf Manure management - Mules 2000, 2010 | CSO, Census of
and asses Agriculture 2010
3B4h Manure management - Other 2000, 2010 | CSO, Census of
animals (please specify in IIR) Agriculture 2010
3Da2a Animal manure applied to soils 2000, 2010 | CSO, Census of
Agriculture 2010
3Da3 Urine and dung deposited by 2000, 2010 | CSO, Census of
grazing animals Agriculture 2010
5B1 Biological treatment of waste - 1990-2015 | Inventory data
Composting
5Clbv Cremation 1990-2015 | Inventory data
Population | 2D2 - Paraffin wax use 2011,2016 | CSO, Census 2016

2D3a - Domestic solvent use in-
cluding fungicides

2D3d - Coating applications
2D3i - Other solvent use

2F1a - Commercial refrigeration
2F4 - Aerosols

2F6 - Other applications

2G - Other product use
(NMVOC)

4G - LULUCF Harvested wood
product

5E - Other waste

The GeoKeys are described separately in the following sections, including infor-
mation on source data, methodology for preparing the GeoKeys, and the NFR/CRF
sectors for which the GeoKeys are applied in the MapElre model. A list of all GeoKeys
in the model is included in Annex 1 and a correspondence list between NFR sectors
and GeoKeys are included in Annex 2.

4.5.1

ArealLand

Source data

L_TkmlE

Data provider

Aarhus University

File location*

\\MapElre\DatalLibrary\Grids.mdb\L_TkmIE

Projection

™65

Data descrip-
tion

1 km x 1 km grid covering land area

3B5 - Indirect N2O emission

3Db1 - Atmospheric deposition

Workflow GeoKey calculated as share of land area by grid cell
GeoKey ArealLand

NFR/CRF sec- | 2L - Other production, consumption, storage, transportation or
tor handling of bulk products
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ArealLand

L_1kmIE
N 0.000000 - 0.000014
19 0.000015 - 0.000014

452 AreaSea

Source data W_1kmIE

Data provider | Aarhus University

File location* | \\MapElre\DataLibrary\Grids.mdb\W_1kmlIE

Projection TM65

Data descrip- | 1 km x 1 km grid covering sea area

tion

Workflow GeoKey calculated as share of sea area by grid cell
GeoKey AreaSea

NFR/CRF sec- | 1A3di(i) - International maritime navigation
tor 1A3di(ii) - International inland waterways
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AreaSea

AreaSea
[ 0.000000 - 0.000001
Kilometers 1 0.000002

- —
0255 100

453 ArealandSea

Source data WL_1kmlIE

Data provider | Aarhus University

File location* | \\MapElre\DataLibrary\Grids.ndb\WL_1kmlIE

Projection TM65

Data descrip- | 1 km x 1 km grid covering land and sea area

tion

Workflow GeoKey calculated as share of total area (land and sea) by grid
cell

GeoKey ArealandSea

NFR/CRF sec- | 1A3ai(ii) - International aviation cruise (civil)
tor
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ArealLandSea

ArealLandSea
[ 0.000000 - 0.000001
e — oeters 0.000002

4.5.4 Animals on ED level, cattle, sheep, and horses
Source data agricedfigs20002010.shp
Data provider | CSO
File location* | \\MapElre\DataLibrary\Agriculture\agricedfigs20002010.shp

\\MapElre\DataLibrary\ Agriculture\Farmyard1kmED.mdb
Projection ™65

Data descrip- | “agricedfigs20002010.shp”: Animal numbers for 2000 and 2010
tion by electoral districts (ED) for dairy cows, other cows, sheep, and
horses. 2010 data is used

“Farmyard TkmED.mdb”:

Workflow Animal numbers from “agricedfigs20002010.shp” is spatially dis-
tributed by ED according to the occurrence of “Farmyards” and
“Buildings” in LPIS.

GeoKey 3Bl1a

3B1b

3B2

3B4e

NFR/CRF sec- | 3Ala - Dairy cattle

tor 3A1b - Non-dairy cattle

3A2 - Sheep

3A4e - Horses

3BT1a - Manure management - Dairy cattle

3B1b - Manure management - Non-dairy cattle

3B2 - Manure management - Sheep

3B4e - Manure management - Horses

* See description regarding Farmyard1kmeD in the LPIS chapter below
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3B1b

B 0.0000000 - 0.0000055
[ 0.0000056 - 0.0000129
{797 0.0000130 - 0.0000212

0.0000213 - 0.0000306

0.0000307 - 0.0000418
[ 0.0000419 - 0.0000556
B 0.0000557 - 0.0000744
I 0.0000745 - 0.0001272 m:ﬂnm:lﬂs

3B4e

[ 0.000000 - 0.000005
[ 0.000006 - 0.000011
[ 0.000012 - 0.000020

0.000021- 0.000029

0.000030 - 0.000040
[ 0.000041 - 0.000053
[ 0.000054 - 0.000074
I 0.000075 - 0.000136

g3B1b
[ 0.000000 - 0.000003
[ 0.000004 - 0.000008
[ 0.000008 - 0.000012
0.000013 - 0.000016
0.000017 - 0.000021
[ 0.000022 - 0.000025
[ 0.000026 - 0.000030
I 0.000031 - 0.000057

- 0.000006
- 0.000013
- 0.000021
- 0.000031
- 0.000045
- 0.000067
[ 0.000068 - 0.000111
I 0.000112 - 0.000454

4.5.5 Animals on county level, goats, and mules & asses

31

Source data

Census of Agriculture 2010 Table 8.xIsx

Data provider

CSO

File location \\Map€Elre\DataLibrary\Agriculture\Census of Agriculture 2010 Table
8.xlsx
\\MapElre\DataLibrary\ Agriculture\Farmyard1kmED.mdb
Projection

Data descrip-
tion

Animal numbers by county (goats, deer, mules/jennets/asses)
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Workflow Animal numbers for 2010 from “Census of Agriculture 2010 Table
8.xIsx” are spatially distributed by ED according to the occurrence
of “Farmyards” and “Buildings” in LPIS.

GeoKey 3B4d
3BA4f

NFR/CRF sec- | 3A4d - Goats

tor 3A4f - Mules and asses
3B4d - Manure management - Goats
3B4f - Manure management - Mules and asses

3B4d 3B4f

g3B4f
[ 0.000000 - 0.000002
[ 0.000003 - 0.000007
{777 0.000008 - 0.000010
0.000011 - 0.000013
0.000014 - 0.000017
[ 0.000018 - 0.000023
[N 0.000024 - 0.000029
I 0.000030 - 0.000041

- 0.0000052

- 0.0000076

- 0.0000087

-0.0000111

0.0000112 - 0.0000163

11 0.0000164 - 0.0000274
I 0.0000275 - 0.0000516
I 0.0000517 - 0.0001039

4.5.6 Animals on farm level, pigs, poultry

Source data

Pig_Licensed_TMé5
Pig_Unlicensed_TMé5
Poultry_Broiler_Licensed_TMé5
Poultry_Layer_Licensed_TM65
Poultry_Unlicensed_TMé5

Data provider

UCD (December 2016)

File location \\MapElre\DataLibrary\Agriculture\UCDdata.mdb
\\MapElre\DataLibrary\Agriculture\UCD_IEN.mdb
Projection TMé5

Data descrip-
tion

Location of pig and poultry houses based on CSO and IPPC li-
censing figures, and animal numbers for licensed pigs and poul-
try. The data set is assumed to account for 94 % of the pig produc-
tion and 99 % of the poultry production. The data set is a draft ver-
sion, and is being improved by UCD.
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Workflow

Share of licensed pigs is calculated by 1 km grid cell ([ShrLicPig])
Share of unlicensed pig houses is calculated by 1 km grid cell
([ShrunLicPig])

The share licensed pigs make of total number of pigs in the cen-
sus is calculated ([LicOfCensus])*

The GeoKey shares are calculated by weighting the shares for li-
censed and unlicensed pigs according to the shares of the total
number of pigs in the census; (Share=Sum(([ShrLicPig]*[LicOfCen-
sus])+([ShrunLicPig]*(1-[LicOfCensus]))))

Similar workflow is used to prepare GeoKeys for broilers and Lay-
ing hens.

GeoKey

3B3
3BA4qi
3BA4qii
3B4giv

NFR/CRF sec-
tor

3A3 - Swine

3A4g - Poultry**

3B3 - Manure management - Swine

3B4gi - Manure management - Laying hens
3B4gii - Manure management - Broilers
3B4giii - Manure management - Turkeys
3B4giv - Manure management - Other poultry

*kk

* Shares that UCD licensed animal numbers make of the animals in the census: Broil-
ers = 0.78, Laying hens = 0.66, Pigs = 0.71

** GeoKey 3B4gii applied for Poultry

***GeoKey 3B4giv applied for Turkeys

3B3

3B4gi

g3B4gi
«0.000000 - 0.0005¢8
* 0.000599 - 0.000786
e 0.002213-0.004023 ® 0.000787-0.001384
® 0.004024 - 0.005936 ® 0.001385-0.003284
@ 0005937 - 0.007802 ® 0.003285-0.009325
@ 0.007803- 0.010629 ® 0009326 - 0.028527
@ 0010630- 0.017378 @ 0.028528 - 0.089560
@ 0.017379-0.027282 - @ 0.089561 - 0.283558
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3BA4qii 3B4giv

* 0.000430 - 0.000653
® 0.000654-0.001123
® 0001124-0.002112
® 0002113-0,004198
@ 0.004199 - 0.008591
@ 0.008502- 0.017848
@ 0017849-0.037353
@ 0.037354 - 0.046610

© 0.000001 - 0.004348
@ 0.004349 - 0.008696

4.5.7 Buildings

Source data GEODIR_Buildings

Data provider | EPA

File location \\MapElre\DataLibrary\Buildings\ BuildUse.mdb

Projection TM65

Data descrip- | GEODIR_Buildings holds points for buildings and including four

tion categories of building use (commercial, residential, both, and un-
known)

Workflow GeoKeys are prepared by selecting the relevant building type (R)

or all buildings (All), and then calculate the share of the number
of selected buildings by grid cell

GeoKey Buildings_All

Buildings_R
NFR/CRF sec- | 2A5b - Construction and demolition
tor 2D3c - Asphalt roofing

2F1f - Stationary air-conditioning
1A4bii - Residential: Household and gardening (mobile)
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Buildings_All Buildings_R

Buildings_All “ Buildings_R
I 0000001 -0.000013 J I 0000000 - 0.000013

I 0.000014 - 0.000031 I 0000014 - 0.000036
I 0000032 - 0.000067 I 0000037 - 0.000079
0000068 - 0.000130 0000080 -0.000152

0.000131-0.00023% 0000153 -0.000271
I 0000237 - 0.000408 I 0000272 - 0.000443
[ 0 000409 - 0.000634 I 0000444 - 0000726
[ 0000635 - 0.000934 g e I 0000727 - 0.001144

4.5.8 Buildings excluding specific areas
Source data GEODIR_Buildings

UWWT_SeweredAreas

Census2011_Settlements
Data provider | EPA (GEODIR_Buildings and UWWT_SeweredAreas)

CSO (Census2011_Settlements)

File location \\MapElre\DataLibrary\Buildings\ BuildUse.mdb
Projection
Data descrip- | GEODIR_Buildings holds points for buildings and including four
tion categories of building use (commercial, residential, both, and un-
known)

UWWT_SeweredAreas is a polygon theme of sewered areas
based on data from Irish Water at the end of 2015

Census2011_Settlements is a polygon theme of areas defined as
settlements. A town is by CSO defined as “a cluster with a mini-
mum of 50 occupied dwellings, with a maximum distance be-
tween any dwelling and the building closest to it of 100 metres,
and where there was evidence of an urban centre (shop, school
etc).”
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Workflow Preparing the GeoKey “Building_C_non-urban”; Buildings in areas

defined as “Settlements” are excluded from the data, and then
the shares of Commercial buildings are calculated by grid cell.

Preparing the GeoKey “Building_R_non-urban”; Buildings in areas
defined as “Settlements” are excluded from the data, and then
the shares of Residential buildings are calculated by grid cell.

Preparing the GeoKey “Building_R_non- Sewered”; Buildings in
areas defined as “Sewered areas” are excluded from the data,
and then the shares of Commercial buildings are calculated by
grid cell.

GeoKey

Building_C_nonurban
Building_R_nonurban
Buildings_R_non-Sewered

NFR/CRF sec-
tor

21 - Wood processing

5C2 - Open burning of waste

5D1 - Domestic wastewater handling
5D2 - Industrial wastewater handling
5D3 - Other wastewater handling

Building_C_nonurban Building_R_nonurban

ings_C_non| = ulldings_R_non! an
Buildings_C_nonUrban g Buildings_R_nonUrb:

I © 000000 - 0.000070 I © 000002 - 0000012
[ 0.000071- 0000244 [ 0000013 - 0000030
I 0000245 - 0000557 I 0000031 - 0000056

0.000658 - 0001183 0.000057 - 0.000100

0001840002018 0.000101-0.000193
I 0002019 - 0.002236 I 0000194 - 0.000332
I 0003237 - 0. 005707 I 0000333 - 0000573
(I 0005708 - 001273 [ 0000574 - 0000939
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Buildings_R_non-Sewered

Buildings_R_nonSewered
I 0000000 - 0.000012
I 0000013 - 0.000026
I 0000029 - 0000054
0.000055 - 0.000098

0.000099 - 0.000183
I 0000194 - 0.000332
[ 0000333 - 0000573
[ 0000574 - 0000939

4.5.9 Domestic wastewater handling

Source data

Inventory data

LEMA_EMISSIONPTS_TYPES.shp

Data provider | EPA
File location
Projection T™M65

Data descrip-
tion

Person equivalent (PE) by wastewater treatment plant

Licence Enforcement and Monitoring Application (LAME) Emission
Points

Workflow The LEMA emission points are geocoded and the GeoKey is cal-
culated as share of PE by grid cell

GeoKey 5D_N20O

NFR/CRF sec- | 5D1 - Domestic wastewater handling

tor 5D2 - Industrial wastewater handling

5D3 - Other wastewater handling
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5D_N20O

- 0.000563

-0.001494

-0.003256

-0.006329

-0.012307

@ 0012308 - 0.022856

@ 0.022857 - 0.072646

Kilometers @ 0072647-0.288335
0

4.5.10 Food and beverages industry

Source data Inventory data

GeoKey “HeatDemand_Industrial” (see Section 4.5.13)
Data provider | EPA

File location
Projection
Data descrip- | Fuel consumption at plant level for large point sources (LPS, 28
tion plants in 2015)

Workflow Emissions from LPS are allocated to the location of the plants

The remaining sectoral emission is allocated according to
“HeatDemand_Industrial”

A weighting factor for LPS is calculated as the share LPS fuel con-
sumption make of the total sectoral fuel consumption.

The GeoKey is calculated as a weighted average of the shares
for LPS and for area sources by grid cell.

GeoKey 1A2e
NFR/CRF sec- | 1A2e - Stationary combustion in manufacturing industries and
tor construction: Food processing, beverages and tobacco

2H2 - Food and beverages industry
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1A2e

-0.000001

[ 0.000002 - 0.000005
[ 0.000006 - 0.000027
0.000028 - 0.000139
0.000140 - 0.000722
N 0.000723 - 0.003739
[ 0.003740 - 0.019366
I 0.019367 - 0.100307

4511 Furanimals

Source data Inventory data

Data provider | EPA

File location

Projection

Data descrip- | Mink population by farm (3 farms in 2015)

tion

Workflow The farms are geocoded and the GeoKey is calculated as the
share of total mink population by grid cell

GeoKey 3B4h

NFR/CRF sec- | 3A4h - Other animals

tor 3B4h - Manure management - Other animals
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3B4h

g3Bdh

@ 0075917

@ 0.075918-0.299270
@ 0.299271-0.624812

4512 Gasterminal

Source data

Data provider

File location

Projection

Data descrip-

tion

Workflow Emissions are allocate to the gas metering terminal (Kinsale En-
ergy Inch Terminal, Co. Cork)

GeoKey 1B2bii

NFR/CRF sec- | 1A3ei - Pipeline transport

tor 1B2b - Fugitive emissions from natural gas (exploration, produc-
tion, processing, transmission, storage, distribution and other)
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1B2bii

g1B2bii
0.000000 - 1.000000

45.13 Heatdemand

Source data HeatDemand.xlsx

Small areas (SA)
Data provider | SEAI

CSO
File location \ \MapElre\Datalibrary\HeatMap\HeatDemand.xlsx

\\MapElre\DataLibrary\HeatMap\SAl_HeatDemand.mdb

\\MapkElre\DataLibrary\HeatMap\Key_Heat.mdb

Projection ™65
Data descrip- | Heat demand data per small area are downloaded from
tion http://maps.seai.ie/heatdemand/ for the individual counties and

combined in one spreadsheet. The data set includes heat de-
mand for the commercial, public, industrial and domestic sectors
per small areas, and total heat demand per road, gas and water
network. Further, the data set include population by small area.



http://maps.seai.ie/heatdemand/
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Workflow As the SA polygon layer from CSO differ from the coastline used
in the spatial model, the SA layer is clipped by the coastline to ex-
clude water areas and areas in North Ireland. The clipped layer is
intersected with the 1 km grid and stored as SAI_HeatDe-
mand.mdb\SAI_Tkm.

The share of SA area is calculated by grid cell ([ShareOfSAl])

Heat demand is joined to SAI_Tkm on SA and the layer is saved
as SAl_HeatDemand.mdb\SAI_heat

Calculate share of heat demand for Industry (ind15) by grid cell
([Shrind15])

Calculate the GeoKey shares as [ShareOfSAIl*[Shrind 15]
Similar workflow is used to prepare GeoKeys for the sum of heat

demand for commercial and public (comm15+pub15)
GeoKey HeatDemand_CommercialPublic

HeatDemand_Industrial
NFR/CRF sec- | TA4ai - Commercial/institutional: Stationary
tor 1A4aii - Commercial/institutional: Mobile

1A2a - Stationary combustion in manufacturing industries and
construction: Iron and steel

1A2d - Stationary combustion in manufacturing industries and
construction: Pulp, Paper and Print

2A4a - Ceramics

2A6 - Other mineral products (please specify in the IIR)

2D3g - Chemical products

2D3h - Printing

2F3 - Fire protection

2G - Other product use (other pollutants than NMVOC)

3Dd - Off-farm storage, handling and transport of bulk agricultural
products
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HeatDemand_CommercialPublic HeatDemand_Industrial

HeatDemand_Com mercialPublic z 7 enll HeatDemand_industrial
I © 000000 - 0000098 ‘. = I © 000000 - 0 000085
[ 0000099 - 0.000420 I 0000086 - 0000361
I 0000421 - 0000991 I 0000362 - 0000861
0000992 - 0.001845 0000862 -0.001733

0001843 0003171 0001734 -0.003082
I 0003172 0005299 I 0003083 - 0.005454
I 0005300 - 0.009947 I 0005455 - 0009993
I 0009548 - 0.024871 [ 0009934 - 0041770

100

4.5.14 Land parcel identification system, LPIS
Source data Lpis_cpy.shp

Census2011_Electoral_Divisions_generalised20m
Data provider | EPA

CSO
File location \MapkElre\DataLibrary\LPIS\LPIS_Tkm.gdb

\\MapElre\DataLibrary\LPIS\LPIS_Key.mdb

Projection TM75_lrish_Grid (EPSG: 29903)

Data descrip- | Land parcels map with information on crop description, IPCC cat-
tion egory and LU category
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Workflow LPIS data is provided by the Irish EPA. The data set include a land
use classification (LU), based mainly on the included IPCC cate-
gory, but few observations occur where the same IPCC category
is assigned different LU categories. LU is missing for all land par-
cels in County Mayo in the data set. Based on the relation be-
tween IPCC category and LU category for all other land parcels,
LU categories are assigned to the land parcels in County Mayo. A
correspondence list is included in Annex 3. The edited LPIS data
set is stored as
\\MapElre\DataLibrary\LPIS\LPIS_1km.gdb\LPISTkm

Areas are calculated by land parcel, and the layer is intersected
with the 1 km grid.

The areas of the intersection polygons ([Arealnt]) are calculated
by polygon.

Land parcels with land use categorized as cropland ([LU] LIKE
'Cropland*’) are selected and the GeoKey is calculated as share
of cropland area by grid cell

Similar workflow is used to prepare the GeoKeys “LPIS-
croplmpGrass” (including areas with land use classified as
cropland and improved grassland), “LPISgrassland” (including ar-
eas with land use classified as improved grassland, unimproved
grassland, and natural grassland), and “LPISfarmyard” (including
areas with crop description classified as farmyard and building).
GeoKey LPIScroplmpGrass

LPIScropland

LPISfarmyard

LPISgrassland

NFR/CRF sec- | 3Da2a - Animal manure applied to soils

tor 3Dc - Farm-level agricultural operations including storage, han-
dling and transport of agricultural products

3G - Liming

3Da2b - Sewage sludge applied to soils

3Da2c - Other organic fertilisers applied to soils (including com-
post)

3Da4 - Crop residues applied to soils

3Da5 - Mineralization

3Db - Indirect emissions from managed soils

3De - Cultivated crops

3Df - Use of pesticides

3F - Field burning of agricultural residues

1AA4ci - Agriculture/Forestry/Fishing: Stationary
2B10b - Storage, handling and transport of chemical products

3Da3 - Urine and dung deposited by grazing animals
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LPIScroplmpGrass LPIScropland

LPIScropimpGrass
I 0 000000 - 0 000003
I 0.000004 - 0.000006
[ 0000007 - 0.000009
0000010 - 0.000011
1 0000012000001
I 0000014 - 0000016
I 0000017 - 0.000018
I 0000019 - 0.000025

LPIScropland
I 0 000000 - 0000008
I 0000009 - 0.000028
I 0000029 - 0.000051

0000052 -0.000078

0000079 -0.000108
I 0000109 - 0000145
I 0000146 - 0000190
[ 0000191 - 0.000268

LPISgrassland

LPIStarmyard
I © 000000 - 0 000006
I 0.000007 - 0.000015
I 0.000016 - 0.00002¢
0000025 - 0.000036
1 0.000037 -0.000054
I 0000055 - 0000113
[ 0 000114 - 0.000388
I 0000389 - 0000844

LPISgrassland
I 0 000000 - 0 000005
I 0000006 - 0.000008
I 0000009 - 0.000011
0000012-0.000013
0000014 -0.000016
I 0000017 0000018
I 0000019 - 0000020
I 0000021 - 0.000027

4515 LTO
Source data Inventory data for LTO

Data provider | EPA

File location \\MapkElre\DatalLibrary\Aviation\Aviation.mdb
Projection
Data descrip-
tion
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Workflow Emissions from LTO are allocated to a 5 km buffer zone around

the airports.

The GeoKey shares are calculated from the share of the fuel con-
sumption by airport and the share of the buffer zone area by the
1 km grid cells for each airport.

GeoKey 1A3ai(i)
1A3qii(i)
NFR/CRF sec- | TA3ai(i) - International LTO
tor 1A3aii(i) - Domestic LTO
1A3ai(i) 1A3aii(i)

g1A3aixi
I 0.000000 - 0.000001
I 0.000001 - 0.000002
[ 0.000002 - 0.000003
0.000004 - 0.000014
0.000015 - 0.000073
[ 0.000074 - 0.000378
I 0.000379 - 0.001955
I 0.001956 - 0.010129

g1A3aiixi
I 0.000000 - 0.000016
I 0.000017 - 0.000049
[ 0.000050 - 0.000121
0.000122 - 0.000278
0.000279 - 0.000617
[ 0.000618 - 0.001349
N 0.001350 - 0.002032
I 0.002933 - 0.006354

4.5.16 Machinery in agriculture and industry

Source data epa_20161208.xIsx

Data provider | CSO

File location \\MapElre\DataLibrary\Machinery\epa_20161208.xlsx

\\MapkElre\DataLibrary\Machinery\Machinery.mdb

Projection
Data descrip-
tion

Mileage for non-road machinery
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Workflow In the Machinery data set, Tipperary county is split into TIPPERARY
NR and TIPPERARY SR. These two sub-counties are summarised in
accordance with the CSO county data.

The shares of mileage for agricultural machinery (agricultural
tractor, haulage tractor, and combined harvester, [ShrAgri]) and
for non-agricultural machinery (dumper, excavator, forklift, haul-
age tractor, mobile machinery, and off-road dumper,
[ShrNonAgri]) are calculated by county from the machinery data

The county layer is prepared for joining the machinery data by
adding corresponding county names, and merging counties that
are split into sub-counties in the county layer. The output is saved
as Machinery.mdb\CountyMerge

The GeoKey for agricultural machinery is based on mileage for
agricultural machinery by county (share of mileage by county,
[SumOfShrAgri]) and cropland and improved grassland (Agri-
Area) from LPIS (share of AgriArea by grid cell, [ShrAgriArea]).
GeoKey shares are calculated as [ShrAgriAreal*[SumOfShrAgri]
GeoKey 1A2qvi

1AACii

NFR/CRF sec- | 1A2qvii - Mobile Combustion in manufacturing industries and
tor construction

1AA4cii - Agriculture/Forestry/Fishing: Off-road vehicles and other
machinery

1A2qvi 1A4cii

-0.000002
-0.000007
-0.000011
-0.000014
-0.000017
-0.000020
-0.000025
-0.000046

-0.000011
-0.000026
-0.000045
- 0.000074
-0.000123
-0.000217
- 0.000399
- 0.000571

4.5.17 Other metal production
| Source data | Inventory data
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Data provider | EPA

File location

Projection

Data descrip- | Emissions of heavy metals at plant level

tion

Workflow Separate GeoKeys area prepared for Cd, Pb and Zn based on
share of emission by plant.
The GeoKey for the remaining pollutants (rest) are allocating
emissions equally between the 4 plants.

GeoKey 2C7c_Cd
2C7c_Pb
2C7c_rest
2C7c_7Zn

NFR/CRF sec- | 2C7c - Other metal production

tor 2D3e - Degreasing

2C7c_Cd 2C7c_Pb

g2C7¢c_Pb
@ 0.243902

e —T @ 0.243903- 0.268293
o 2% 50 100
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2C7c_7Zn

g2C7c_2Zn
@ 0.066667

0.250000 —— — )OS @ 0.066668 - 0.800000
0 25 50 100

g2C7c_rest

4.5.18 Population

Source data

HeatDemand.xlIsx

Small areas (SA)

Data provider | SEAI
CSO

File location \ \MapElre\Datalibrary\HeatMap\HeatDemand.xlsx
\\MapElre\DataLibrary\HeatMap\SAIl_HeatDemand.mdb
\\MapkElre\DataLibrary\HeatMap\Key_Heat.mdb

Projection ™65

Data descrip-
tion

Heat demand data per small area are downloaded from
http://maps.seai.ie/heatdemand/ for the individual counties and
combined in one spreadsheet. The data set includes heat de-
mand for the commercial, public, industrial and domestic sectors
per small areas, and total heat demand per road, gas and water
network. Further, the data set include population by small area.



http://maps.seai.ie/heatdemand/
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Workflow As the SA polygon layer from CSO differ from the coastline used
in the spatial model, the SA layer is clipped by the coastline to ex-
clude water areas and areas in North Ireland. The clipped layer is
intersected with the 1 km grid and stored as SAI_HeatDe-
mand.mdb\SAI_Tkm.

The share of SA area is calculated by grid cell ([ShareOfSAl])

Heat demand is joined to SAI_Tkm on SA and the layer is saved
as SAl_HeatDemand.mdb\SAI_heat

Calculate share of population (Pop) by grid cell ([ShrPop])

Calculate the GeoKey shares as [ShareOfSAIl*[ShrPop]

GeoKey Population
NFR/CRF sec- | 2D2 - Paraffin wax use
tor 2D3a - Domestic solvent use including fungicides

2D3d - Coating applications

2D3i - Other solvent use

2F1a - Commercial refrigeration

2F4 - Aerosols

2Fé6 - Other applications

2G - Other product use (NMVOC)

4G - LULUCF Harvested wood product
5E - Other waste

Population

Population
[ 0.00000000 - 0.00000321
[ 0.00000322 - 0.00000385
{1 0.00000386 - 0.00000398
0.00000399 - 0.00000461
0.00000462 - 0.00000783
[ 0.00000784 - 0.00002405
[ 0.00002406 - 0.00010594
I 0.00010595 - 0.00051935

4.5.19 Refinery

Source data Geographical coordinates for the refinery
Data provider
File location
Projection TMé5
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Data descrip-

tion

Workflow Emissions are allocate to the refinery (Whitegate Refinery, Co.
Cork)

GeoKey 1A1b

NFR/CRF sec- | 1ATb - Petroleum refining

tor 1B2aiv - Fugitive emissions oil: Refining / storage

1A1b

g1A1b
e ——— 0.000000 - 1.000000
0 % 50 100

4.5.20 Road transport

Mileage data (total and heavy vehicles) is available only for the national road net-
work (NRN) for 2015. Total mileage is available in the national emission inventory.
Mileage for other roads than national roads is calculated as the residual of total mile-
age when NRN mileage is subtracted.

Mileage driven on national roads is allocated according to the spatial key prepared
from the mileage data from TIl. The remaining mileage is allocated to roads other
than national roads (other roads). As a digital map for other roads or for the entire
road network including road categories is not available, a map is created from the
road network map including all roads and the national road map using the following
procedure:

Mileage data for the national road network is available from Tl as line feature data
set, while the national road network is available both as line and polygon feature. As
no attributes are available for the road network that could be used as a proxy for
mileage, the polygon data will be used and in this way the width of the roads will be
used as a proxy for mileage. The national road map and the road network map are
displaced probably according to projection issues. It has not been possible to correct
for this displacement, but it has been taken into account in the data processing.

A map of the major roads is included in the spatial analysis as this fits to the road net-
work, but only includes the major roads, among which the national roads should be
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found. To be able to exclude the national roads from the road network, buffer zones
are created from the line theme. Different buffer sizes are tested and, after visual
evaluation, a buffer zone of 150 m (75m on each side of the lines) is chosen to make
the best overlay with the major road map. A line theme holding the parts of major
roads that are located within the 150m buffer zone for the national roads is created
in GIS using the clip tool.

A buffer zone of 50 meter (25 m on each side of the lines) is found to be most for ap-
propriate for overlay with the road network and for excluding the relevant road seg-
ments from the road network. This leaves back a theme including all roads except
the national roads but with some minor errors due to the selected size of the buffer
zones. | some areas the selected buffer zones does not include all relevant road seg-
ments due to large displacement or large width of the road polygons. In other areas
the buffer zones cover nearby roads or road segments with a different road category.

TIl traffic count data for the Tl traffic counters located on the national roads include
the vehicle categories MBIKE, CAR, LGV, BUS, HGV_RIG, HGV_ART, CARAVAN. The
gridded mileage data provided by Tll include AADT and percHV. In the spatial analy-
sis for preparing the GeoKey for road transport, HV is assumed to cover BUS,
HGV_RIG and HGV_ART. The national emission inventory includes the vehicle cate-
gories mopeds, motorcycles, passenger cars, light commercial vehicles, heavy duty
trucks and buses. In the GeoKey calculation heavy duty trucks and buses are summa-
rized to calculate HV, while AADT is assumed to be the sum of all vehicle types in the
emission inventory including mopeds, which might not be included in Tll traffic count
data.

The GeoKeys for road transport is created by combining the spatial keys based on
AADT for national roads, and the road network for all roads excluding national roads.

4,5.20.1 National roads

Source 20T5_NRN_link.shp
data

Data pro- | TII

vider

File loca- \\MapElre\DataLibrary\Road\2015_NRN_link.mdb
tion
\\MapElre\DatalLibrary\Road\RoadAnalysis. ndb
Projection | IRENET95_lIrish_Transverse_Mercator

Data de- Road network for national roads including annual
scription mileage (average daily traffic, AADT) and percent
heavy vehicles (HV)
Line theme

Workflow | The road network is reprojected to TM6 and inter-
sected with the 1 km x 1 km grid. Spatial keys are cal-
culated as share of AADT [Share_AADT] and share of
HV [Share_HV] by grid cell.

A buffer zone of 150 m (75m on each side of the lines)
is created for the national roads (“2015_NRN_link”)
and stored as “NRN_buffer W150m”

GeoKey Spatial key for national roads for input to Road _HV,
Road _PC, Road PCHV

NFR/CRF
sector
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45.20.2 Major roads

Source INFRA_MajorRoads

data

Data pro- | EPA

vider

File loca- \\MapElre\DataLibrary\Road\RoadAnalysis.ndb

tion

Projection | TM65

Data de- Road network for major roads

scription
Line theme

Workflow | A line theme holding the parts of major roads (“IN-
FRA_MajorRoads”) that are located within the 150m
buffer zone (“NRN_buffer_W150m”) for the national
roads is created (“MajorClipNRN150m”)
A buffer zone of 50 meter (25 m on each side of the
lines) is created for “MajorClipNRN150m” and stored
as “MajorClipNRN150mBufferw50m”

GeoKey Input to spatial key for other roads

NFR/CRF

sector

45.20.3 All roads

Source ROADS_POLY_area

data

Data pro- | EPA

vider

File loca- \\MapElre\DataLibrary\Road\RoadAnalysis.mdb

tion

Projection | TM75_lrish_Grid

Data de- Road network for all roads including major roads and

scription national road
Polygon theme

Workflow | The polygon road network is dissolved to simplify the

data set and saved as “RoadP_dissolve_

A polygon theme is created by excluding “MajorClip-
NRN150mBufferW50m” from “RoadP_dissolve_”, leav-
ing roads other than national roads. The layer is inter-
sected with the 1 km x 1 km grid and saved as
“RoadPexNRN_Tkm”

Some minor errors occur in the final layer due to the
selected size of the buffer zones. In some areas the se-
lected buffer zones does not include all relevant road
segments due to large displacement or large width of
the road polygons. In other areas the buffer zones
cover nearby roads or road segments with a different
road category.

A spatial key is created by calculating the share of
area by grid cell.
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GeoKey Spatial key for other roads for input to Road_HV,
Road_PC, Road_PCHV

NFR/CRF

sector

45204 Preparing GeoKeys by combining data from different road themes

Source See above

data

Data pro- | See above

vider

File loca- \\MapElre\DataLibrary\Road\Road_Key.mdb

tion

Workflow | The GeoKey for passenger cars (PC), heavy vehicles
(HV) and all vehicles (PCHV) is created by combining
the spatial key for the national roads, based on mile-
age data (AADT), and the spatial key for other roads,
based on area. The weighting of the spatial keys are
calculated from the share that the mileage on national
roads (NRN AADT) make of the national total mileage
from the emission inventory data.

GeoKey Road_HV
Road_PC
Road_PCHV

NFR/CRF 1A3biii - Road transport: Heavy duty vehicles and

sector buses
1A3bi - Road transport: Passenger cars
1A3Dbii - Road transport: Light duty vehicles
1A3biv - Road transport: Mopeds & motorcycles
1A3bv - Road transport: Gasoline evaporation
1A3bvi - Road transport: Automobile tyre and brake
wear
1A3bvii - Road transport: Automobile road abrasion
2D1 - Lubricant use
2D3b - Road paving with asphalt
2F1e - Mobile air-conditioning
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Road_HV Road_PC

Road_PC
I 0.0000000 - 0.0000050
I 0.0000051 - 0.0000065
{1 0.0000066 - 0.0000115
0.0000116 - 0.0000286
0.0000287 - 0.0000876
I 0.0000877 - 0.0002900
I 0.0002901 - 0.0009849
I 0.0009850 - 0.0033707

Road_PCHV

4.5.21 1ATa - Public electricity and heat production

Source data Inventory data

Data provider | EPA

File location

Projection

Data descrip- | Emissions by plant

tion

Workflow The plants are geocoded and the GeoKeys are calculated as
shares of sectoral emission by grid cell for NOx, SOx and CO»

GeoKey 1ATa_NOx




g1A1a_NOx
+ 0.000006 - 0.000305
* 0.000306 - 0.001479
@ 0.001480 - 0.008491
® 0.008492-0.017633

g1A1a_rest

-0.000516
-0.000848
-0.001234
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T1ATa_rest
1A1a_SO2
NFR/CRF sec- | TAla - Public electricity and heat production
tor
TATa_NOx 1ATa_rest

@ 0.001235- 0.045665
@ 0.045666 - 0.055568
@ 0.055569 - 0.070606
@ 0.070607 - 0.084390

® 0.017634-0.046116
@ 0.046117 - 0.057618
@ 0.057619- 0.075430
@ 0.075431-0.567739

1A1a_S0O2

g1A1a_S02
+ 0.000001 - 0.000158
* 0.000159 - 0.001887

® 0.001888 - 0.004740
® 0.004741-0.006903
® 0.006904 - 0.009858
@ 0.009859 - 0.057274
@ 0.057275-0.219135
@ 0.219136- 0.647701

4.5.22 1ATc - Manufacture of solid fuels and other energy industries

Source data Inventory data

Data provider | EPA

File location
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Projection

Data descrip-
tion

Peat consumption and CO2 emissions by briquette factories (2
plants in 2015)

Workflow The plants are geocoded and the GeoKey is calculated as shares
of the total peat consumption by grid cell

GeoKey 1A1c

NFR/CRF sec- | 1ATc - Manufacture of solid fuels and other energy industries

tor

1Alc

—— —
0 25 50 100

Kilometers

g1Aic
e 042
@® 058

45.23 1A2b -

Stationary combustion in manufacturing industries and

construction: Non-ferrous metals

Source data

Inventory data

GeoKey “HeatDemand_Industrial” (see Section 4.5.13)

Data provider

EPA

File location

Projection

Data descrip-
tion

Fuel consumption at plant level for large point sources (LPS, T
plant in 2015)

tor

Workflow Emissions from LPS are allocated to the location of the plant
The remaining sectoral emission is allocated according to
“HeatDemand_Industrial”
A weighting factor for LPS is calculated as the share LPS fuel con-
sumption make of the total sectoral fuel consumption.
The GeoKey is calculated as a weighted average of the shares
for LPS and for area sources by grid cell.

GeoKey 1A2b

NFR/CRF sec- | 1A2b - Stationary combustion in manufacturing industries and

construction: Non-ferrous metals
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1A2b

91A2b
I 0.000000 - 0.000007
[ 0.000008 - 0.000045
[ 0.000046 - 0.000240
0.000241- 0.001249
0.001250 - 0.006476
[ 0.006477 - 0.033547
I 0.033548 - 0,173763
I 0.173764 - 0.900010

4.5.24 1A2c - Stationary combustion in manufacturing industries and
construction: Chemicals
Source data Inventory data

GeoKey “HeatDemand_Industrial” (see Section 4.5.13)
Data provider | EPA

File location

Projection

Data descrip- | Fuel consumption at plant level for large point sources (LPS, 3
tion plants in 2015)

Workflow Emissions from LPS are allocated to the location of the plants

The remaining sectoral emission is allocated according to
“HeatDemand_Industrial”

A weighting factor for LPS is calculated as the share LPS fuel con-
sumption make of the total sectoral fuel consumption.

The GeoKey is calculated as a weighted average of the shares
for LPS and for area sources by grid cell.

GeoKey 1A2c

NFR/CRF sec- | 1A2c - Stationary combustion in manufacturing industries and
tor construction: Chemicals
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1A2c

-0.000001
- 0.000006

1 - 0.000033
0.000034 - 0.000175
0.000176 - 0.000905

[ 0.000906 - 0.004688
[ 0.004689 - 0.024282
I 0.024283 - 0.125770

4.5.25 1A2f - Stationary combustion in manufacturing industries and
construction: Non-metallic minerals
Source data Inventory data

GeoKey “HeatDemand_Industrial” (see Section 4.5.13)
Data provider | EPA

File location
Projection
Data descrip- | Fuel consumption at plant level for large point sources (LPS, 9
tion plants in 2015)

Workflow Emissions from LPS are allocated to the location of the plants

The remaining sectoral emission is allocated according to
“HeatDemand_Industrial”

A weighting factor for LPS is calculated as the share LPS fuel con-
sumption make of the total sectoral fuel consumption.

The GeoKey is calculated as a weighted average of the shares
for LPS and for area sources by grid cell.

GeoKey 1A2f

NFR/CRF sec- | TA2f - Stationary combustion in manufacturing industries and

tor construction: Non-metallic minerals
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1A2f

[ 0.000000 - 0.000001
[ 0.000002 - 0.000009
[ 0.000010 - 0.000047

0.000048 - 0.000246

0.000247 - 0.001274
[ 0.001275 - 0.006600
[ 0.006601 - 0.034184
[ 0.034185- 0.177058

4.5.26 1A2qviii - Stationary combustion in manufacturing industries
and construction: Other
Source data Inventory data

GeoKey “HeatDemand_Industrial” (see Section 4.5.13)
Data provider | EPA

File location

Projection

Data descrip- | Fuel consumption at plant level for large point sources (LPS, 22
tion plants in 2015)

Workflow Emissions from LPS are allocated to the location of the plants

The remaining sectoral emission is allocated according to
“HeatDemand_Industrial”

A weighting factor for LPS is calculated as the share LPS fuel con-
sumption make of the total sectoral fuel consumption.

The GeoKey is calculated as a weighted average of the shares
for LPS and for area sources by grid cell.

GeoKey 1A2qviii

NFR/CRF sec- | TA2qviii - Stationary combustion in manufacturing industries and
tor construction: Other
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1A2qviii

- 0.000004
- 0.000010
- 0.000022
- 0.000045
- 0.000086
-0.000163
- 0.000306
I 0.000307 - 0.000571

4.5.27 1A3aqii(ii) - Domestic cruise

Source data Inventory data for domestic cruise

Data provider | EPA

File location \\MapElre\DatalLibrary\Aviation\Aviation.mdb

Projection

Data descrip-

tion

Workflow Route lines are created between the airports in the inventory data
from XY coordinates using GIS.
The GeoKey shares are calculated from the share of total fuel
consumption by airport and the share of flights by route for each
airport.

GeoKey 1A3aii(ii)

NFR/CRF sec- | 1A3aqii(ii) - Domestic cruise

tor

*Emissions are allocated only to the segments of the routes that are within EEZ
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1A3aii(ii)

g1A3aiixii
[ 0.000000 - 0.000001
[ 0.000001 - 0.000002
[ 0.000002 - 0.000005
0.000006 - 0.000018
0.000019 - 0.000067
[ 0.000068 - 0.000250
[ 0.000251 - 0.000929
I 0.000930 - 0.003444

45,28 1A3c - Railways
Source data IR Network and 2016 Traffic (2016 05 24)(RevA).pdf)

IR_Rail_Network_LineNames_20161219

Data provider | Irish Rail

File location \\MapElre\DataLibrary\Rail\IR Network and 2016 Traffic (2016
05 24)(RevA).pdf

\\MapElre\DataLibrary\Rail\Rail.mdb

Projection ING-75 (Authority: Custom)

(corresponds to TM75_lrish_Grid, EPSG: 29903)

Data descrip- | Annual train passes on different sections of the network for 2011
tion and 2016

Centre lines for the Irish Rail track network




GEOKEY DEVELOPMENT MAPEIRE - TECHNICAL 6 3
DOCUMENTATION REPORT

Workflow The rail network layer is modified by deleting the coastline seg-
ments, and adding length of rail network by route.

Annual train passages in 2016 [ATP_2016] are added to the
routes in the rail network layer. Only one ATP is applied for each
route, and for routes where more ATP values are available, the
selection of ATP will be based on expert judgement, but in gen-
eral the highest ATP value will be applied.

Annual train kilometres are calculated by route
([ATP_2016]*[Length]), and the share of total train kilometres are
calculated by route ([ShrATP16xL])

Add field “ATPxLen16” and calculate value as
[ATP_2016]*[Length]

Add field “ShrATP16xL” and calculate values as
[ATPxLen16]/SumOf[ATPxLen16], the latter from the statistics tool.

The share of the total rail network length is calculated by grid cell
([LenPrRoutel])

The GeoKey shares are calculated as [ShrATP16xL]*[LenPrRoute]

GeoKey 1A3c

NFR/CRF sec- | 1A3c - Railways
tor

1A3c

g1A3c
[ 0.000000 - 0.000093
[ 0.000094 - 0.000204
0.000205 - 0.000333
0.000334 - 0.000457
0.000458 - 0.000626
0.000627 - 0.000872
[ 0.000873 - 0.001425

—— — O meters. [ 0.001426 - 0.007329
0 25 50 100

4.5.29 1A3dii - National navigation (shipping)
Source data Census2011_Garda_Districts_Nov2013
Data provider | CSO
File location \\MapElre\DataLibrary\Borders\Borders.mndb\Buffer
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Projection

TMé65

Data descrip-
tion

National border

Workflow A coastal buffer zone for navigation is created by manually ex-
tending a 6 nautical mile buffer zone around the national border,
to include sea areas defined by the shortest path between head-
lands, e.q. between the peninsulas of Dingle and Errismore.

GeoKey 1A3d

NFR/CRF sec- | TA3dii - National navigation (shipping)

tor

1A3d

g1A3d
[ 0.000000 - 0.000010
[ 0.000011 - 0.000020

0.000021 - 0.000030

[ 0.000031 - 0.000040
I 0.000041 - 0.000050

4.5.30 1AA4bi - Residential: Stationary

Source data

Messing with Residentials.xlsx
GEODIR_Buildings

Census2011_Small_Areas_generalised20m.shp

Data provider

EPA

File location \\MapElre\Datalibrary\ResidentialCombustion\ResidentialCom-
bustion.xlsx
\\MapkElre\DatalLibrary\ResidentialCombustion\ResidentialCom-
bustion.mdb

Projection TMé5

Data descrip-
tion
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Workflow Calculation of emissions from residential combustion is based on
number of appliances by small area from the EPA study on resi-
dential combustion combined with national fuel consumption in
residential plants from the national enerqgy statistics and emission
factors from the national emission inventory. The following calcu-
lation sequence is made for the fuel types oil, natural gas, coal,
peat, LPG, wood, and “no central heating”, the latter being esti-
mated as 2*coal+2*peat.

Energy consumption per residential unit [GJ] = Total energy con-
sumption [GJ] / Total number of residential units

Emission per residential unit [kg] = Energy consumption per resi-
dential unit [GJ] * Pollutant specific emission factor [g/GJ] 7 1000

Emission per small area [kg] = Emission per residential unit [kg] *
Number of residential units by small area

The spatial distribution of emission per small area by pollutant is
calculated for the pollutants SO2, NOx, NMVOC, CO, CO2 and
PM2s ([ShrSO2], [ShrNOx], etc.).

One of the small areas (GEOGID: A087066033) included in the
EPA study with a number of residential appliances does not have
buildings with building use R, B or NoData in GEODIR. This small
area has been excluded from the GeoKey.

The allocation of emissions by small area based is based on the
Geodirectory point theme of buildings. Buildings categories R, B
and NoData is included in the calculation. The spatial distribution
of buildings (R+B+NoData) is calculated as the share of number of
buildings (R+B+NoData) by 1 km * 1 km grid cell [ShrRBNo-
Data_bySAl.

The GeoKey for SOz is calculated as ([ShrSO2] * [ShrRBNo-
Data_bySA]) and similar for NOyx, NMVOC, CO, CO2 and PMas.
GeoKey 1A4b_CO

1A4b_CO2

1A4b_NMVOC

TA4b_NOx

1A4b_PM25

1A4b_SO2

NFR/CRF sec- | 1A4bi - Residential: Stationary

tor
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g1A4b_CO

I 0.0000000 - 0.0000019
I 0.0000020 - 0.0000025
1 0.0000026 - 0.0000044
' 0.0000045 - 0.0000115
" 0.0000116 - 0.0000380
I 0.0000381 - 0.0001363
B 0.0001364 - 0.0005008

I 0.0005009 - 0.0018524

g1A4b_NMVOC
I 0.0000000 - 0.0000021
I 0.0000022 - 0.0000026
[ 0.0000027 - 0.0000047
1 0.0000048 - 0.0000126
1/ 0.0000127 - 0.0000425
I 0.0000426 - 0.0001566
I 0.0001567 - 0.0005906

I 0.0005907 - 0.0022419

1A4b_CO2

1A4b_NOx

g1A4b_CO2
[ 0.0000001 - 0.0000014
[ 0.0000015 - 0.0000017
{5 0.0000018 - 0.0000030
0.0000031 - 0.0000080
" 0.0000081 - 0.0000270
[ 0.0000271 - 0.0000992
I 0.0000993 - 0.0003740
I 0.0003741 - 0.0014197

g1A4b_NOx

I 0.0000001 - 0.0000015
1 0.0000016 - 0.0000019
I 0.0000020 - 0.0000033
© 0.0000034 - 0.0000087
' 0.0000088 - 0.0000285
N 0.0000286 - 0.0001019
I 0.0001020 - 0.0003743

I 0.0003744 - 0.0013846
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1A4b_SO2

g1A4b_SO2
I 0.0000000 -
I 0.0000020 -
I 0.0000024 -

0.0000043 -

0.0000118 -
I 0.0000418 -
1 0.0001622 -
I 0.0006442 -

4.5.31 TAAciii - Agriculture/Forestry/Fishing: National fishing

Source data

Catches - North-east Atlantic (from 2000 onwards)

ICES areas

Data provider

Eurostat [fish_ca_atl27]

The International Council for the Exploration of the Sea (ICES)

File location \ \MapElre\Datalibrary\Fishing\fish_ca_atl27.zip
\ \MapElre\DataLibrary\Fishing\ICES_areas.zip
\ \MapElre\Datalibrary\Fishing\Fishing.mdb
Projection GCS_WGS_1984

Data descrip-
tion

Eurostat Landings statistics (total fishery products) by ICES area for
2015 as per 12.09.2016

Shape file of ICES areas

Workflow

Landings data from Eurostat is appended to the ICES area data.
The share of total landings is calculated by grid cell [ShrFish]
The share of area per ICES area is calculated by grid cell
[ShrICES]

The GeoKey shares are calculated as [ShrFish]* [ShrICES]

GeoKey

1A4ciii

NFR/CRF sec-
tor

1AA4ciii - Agriculture/Forestry/Fishing: National fishing
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1AA4ciii

- — o meters.
0255 100

g1A4ciii
I 0.0000000 - 0.0000001
I 0.0000002 - 0.0000004
0.0000005 - 0.0000011
0.0000012 - 0.0000025
0.0000026 - 0.0000054
I 0.0000055 - 0.0000119
I 0.0000120 - 0.0000258
I 0.0000259 - 0.0000560

4532 1Bla-

Coal mining

Source data

Mines - Site Locations
Mines - Site Features

Data provider

EPA

File location

\\MapElre\DataLibrary\Quarrying_Mining\Mining.mdb

Projection

Data descrip-
tion

Mines - Site Locations: point data holding locations for mine sites
including production type (Ba, Coal, CU, Fe, etc.)

Mines - Site Features: polygon theme of mine sites

Workflow Mine site locations with coal production are selected and 1 km
buffer zones are created around the selected points.
Production type is joined to the mine site features from mine site
locations based on spatial location.
Buffer zones and mine site features are combined in a polygon
theme (Mining.mdb\Mines_COAL_merge)
The GeoKey shares is calculated as the coal area by grid cell
GeoKey 1BTa_Mining
NFR/CRF 1BT1a - Fugitive emission from solid fuels: Coal mining and han-
sector dling (NMVOC and CHa)
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1B1a_Mining

g1B1a_Mining

[ 0.0000 - 0.0003

[ 0.0004 - 0.0007

197 0.0008 - 0.0014
0.0015 - 0.
0.0028 - 0.

I 0.0050

[ 0.0087 - 0.0108

I 0.0109 - 0.0120

4.5.33 1Bl1a - Coal handling

Source data Inventory data

Data provider | EPA

File location \\MapElre\DataLibrary\Quarrying_Mining\Coal use.xlsx

Projection

Data descrip- | Site specific coal consumption data
tion

Workflow

GeoKey 1B1a_Handling

NFR/CRF sec- | 1B1a - Fugitive emission from solid fuels: Coal mining and han-
tor dling (TSP, PM1g, PM25s and BC)
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g1B1a_Handling
* 0.000000-0.013774
e 0.013775-0.015594
® 0.015595-0.029368
® 0.029369 - 0.133588
® 0.133589-0.922194

4.5.34 1B2av

- Distribution of oil products

Source data

licensed-auto-fuel-traders.xls

Data provider

C3O

File location

\\MapElre\DataLibrary\ServiceStations\licensed-auto-fuel-trad-
ers.xls

\\MapElre\DataLibrary\ServiceStations\excel-geocoding-tool.xls
\\MapElre\DataLibrary\ServiceStations\Servicestations.xIs

\\MapElre\DatalLibrary\ServiceStations\ServiceStationsPoint. ndb

Last update

Projection

Data descrip-
tion

Address list for service stations

Workflow

The geocoding tool “excel-geocoding-tool.xls” is used to add lon-
gitude and Iatitude based on addresses of the service station. Ad-
dresses that the tool cannot geocode is edited manually and then
geocoded. Two addresses located in Great Britain and one in
North Ireland are deleted from the data set. Further 2 addresses
are erroneously geocoded to USA. These are located in Google
Maps and the coordinates are corrected manually in the ge-
ocoding tool.

The projection of the output coordinated from the geocoding tool
is unknown, but from the link to Google Maps that it generates as
part of the output it appears that the output coordinates are not
the same as in Google Maps, that use WGS84. To come around
this error, the coordinates are extracted from the text string hold-
ing the Google Maps link using Access. Grid ID and grid name
and from XY coordinates as described in chapter “Grids”

GeoKey

1B2av

NFR sector

1B2av - Distribution of oil products
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1B2av

4.5.35 1B2c - Venting and flaring (oil, gas, combined oil and gas)
Source data
Data provider
File location
Projection
Data descrip-
tion
Workflow Emissions are allocate to the gas processing terminal (Bellanaboy
Bridge Gas Terminal, Co. Mayo)

GeoKey 1B2¢

NFR/CRF sec- | 1B2c - Venting and flaring (oil, gas, combined oil and gas)

tor
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1B2c

g1B2c
0.000000 - 1.000000

4.5.36 2A1 - Cement production

Source data Inventory data

Data provider | EPA

File location

Projection

Data descrip- | Clinker production by plant (4 plants in 2015)

tion

Workflow The plants are geocoded and the GeoKey is calculated as shares
of the total clinker production by grid cell

GeoKey 2A1

NFR/CRF sec- | 2A1 - Cement production

tor
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2A1

g2A1
@ 0.174779-0.209424
® 0.200425 - 0.250897
@ 0.250898 - 0.300544
@ 0.300545- 0.359976

4.5.37 2A2 - Lime production

Source data Inventory data

Data provider | EPA

File location

Projection

Data descrip- | Lime production by plant (3 plants in 2015)

tion

Workflow The plants are geocoded and the GeoKeys are calculated as
shares of the total lime production by grid cell

GeoKey 2A2

NFR/CRF sec- | 2A2 - Lime production

tor
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2A2

g2A2
@ 0.000000-0.151248
® 0.151249-0.270242
@ 0.270243- 0.363859
@ 0.363860- 0.437512

4538 2A4b - Other uses of soda ash

Source data Inventory data

Data provider | EPA

File location

Projection

Data descrip- | Soda ash use by plant (1 plants in 2015)

tion

Workflow Emissions are allocate to the plant (Premier Periclase, Co. Louth)
GeoKey 2A4b

NFR/CRF sec- | 2A4b - Other uses of soda ash

tor
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2A4b

4539 2AA4d - Other uses of carbonates

Source data Inventory data

Data provider | EPA

File location

Projection

Data descrip- | Carbonate use by plant (2 plants in 2015)

tion

Workflow The plants are geocoded and the GeoKey is calculated as shares
of the total carbonate use by grid cell

GeoKey 2A4d

NFR/CRF sec- | 2A4d - Other uses of carbonates

tor




GEOKEY DEVELOPMENT MAPEIRE - TECHNICAL 7 6
DOCUMENTATION REPORT

2A4d

g2A4d
@ 0231006

@ 0.231007 - 0.768994

4.5.40 2A5a - Quarrying and mining of minerals other than codadl
Source data MINES_Quarries_02

Data provider | EPA

File location \\MapElre\DatalLibrary\Quarrying_Mining\Quarrying.mdb
Projection TM65

Data descrip- | Point data set for quarries

tion

Workflow The GeoKey is calculated as the share of the total number of
quarries by grid cell

GeoKey 2Aba

NFR/CRF sec- | 2Aba - Quarrying and mining of minerals other than coal
tor
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2Aba

g2A5a

@ 0002347 - 0.003889
@ 0.003890- 0.006697
@ 0006698 - 0.011811
@ 0011812-0.021127

4.5.41 2B1 - Ammonia production
Source data
Data provider
File location
Projection
Data descrip-
tion
Workflow Emissions are allocated to the ammonia production plant (Marino
Point, Co. Cork)

GeoKey 2B1

NFR/CRF sec- | 2B1 - Ammonia production

tor




GEOKEY DEVELOPMENT MAPEIRE - TECHNICAL 7 8
DOCUMENTATION REPORT

2B1

4.5.42 2B2 - Nitric acid production
Source data
Data provider
File location
Projection
Data descrip-
tion
Workflow Emissions are allocate to the fertilizer plant (Arklow, Co. Wicklow)
GeoKey 2B2

NFR/CRF sec- | 2B2 - Nitric acid production

tor
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2B2

4.5.43 2CI1 - Iron and steel production
Source data
Data provider
File location
Projection
Data descrip-
tion
Workflow Emissions are allocate to the steel plant (Irish Steel company,
Co.Cork)

GeoKey 2C1

NFR/CRF sec- | 2C1 - Iron and steel production

tor
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2C1

4.5.44 2C2 - Ferroalloys production

Source data Inventory data
Data provider | EPA
File location
Projection
Data descrip- | Emissions by plant (1 plant in 2015)
tion
Workflow The plants are geocoded and the GeoKeys are calculated as
shares of sectoral emission by grid cell for Cd, Pb and PM
GeoKey 2C2_Cd
2C2_Pb
2C2_PM
NFR/CRF sec- | 2C2 - Ferroalloys production
tor
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2C2*

g2c2
0.000000 - 1.000000

* Same GeoKey for all pollutants in 2015 as only 1 p is active.

4.5.45 2C3 - Aluminium production

Source data

Data provider

File location

Projection Atlas Aluminium Limited

Data descrip-

tion

Workflow Emissions are allocate to the aluminium plant (Atlas Aluminium
Limited, Co. Limerick)

GeoKey 2C3

NFR/CRF sec- | 2C3 - Aluminium production

tor
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2C3

4.5.46 2D3f - Dry cleaning

Source data Inventory data
Data provider | EPA

File location

Projection

Data descrip- | Solvent used in 2008, 2009 and 2010 by dry cleaner (287 facili-
tion ties)

Workflow The facilities are geocoded and the GeoKey is calculated as the
share of average of solvents used in 2008-2010 by grid cell
GeoKey 2D3

NFR/CRF sec- | 2D3f - Dry cleaning
tor
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2D3

-0.000273
- 0.000821
-0.001916
-0.004107
- 0.008494
-0.017273
@ 0017274-0.034844
@ 0.034845-0.070011

4.5.47 2E - Electronics industry

Source data
Data provider

File location

Projection

Data descrip- | 2 plantsin 2015

tion

Workflow Emissions are distributed evenly to the plants
GeoKey 2E1

NFR/CRF sec- | 2E - Electronics industry
tor
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2E1

4.5.48 3Dal - N input from application of inorganic fertilizers to

cropland and grassland
Source data Lpis_cpy.shp and Nex_lIreland.acddb
Data provider
File location Census2011_Electoral_Divisions_generalised20m
Projection TM75_lIrish_Grid (EPSG: 29903)
Data descrip- | Distribution of sold amount of mineral fertiliser
tion*
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Workflow Mineral fertilizer application rate depends crop need and animal
density. The distribution is taken from “Nitrogen use in Ireland,
2005-2015 (https://www.teagasc.ie/media/website/crops/soil-
and-soil-fertility/Wall-Dillon-et-al-Fert-Use-Survey_FAl-Kildalton-
2017.pdf).

According to “Nitrogen use in Ireland, 2005-2015” is there a rela-
tionship with stocking density and mineral fertilizer use as high
stocking rates gives higher fertilization rate.

The following equation is used in the distribution.

Relation between Organic N and mineral fertilizer
consumption, kg N/ha (Survey)

Stockingrate, kg/N, Org. N

For each grid cell is estimated a theoretical N fertilization based
on annual crops grown in that grid cell plus fertilization rate for
grass according to the nitrogen excretion (Nex) from animals in
that grid cell. The Nex calculation is based on Nex rates from Stat-
uary Instruments S.I. No. 31 of 2014 (http://www.irishstatute-
book.ie/eli/2014/si/31/made/en/pdf)

The total theoretical mineral N use in each grid cell is corrected
according to actual sales data. The difference between actual
sales data and the calculated theoretical is <10% and therefore
assumed to be a fair distribution key. Updating of the key can be
made in the Access database “Nex_lreland”.

GeoKey 3Dal

NFR/CRF sec- | 3Dal - Inorganic N-fertilizers (includes also urea application)

tor 3H - Urea application



https://www.teagasc.ie/media/website/crops/soil-and-soil-fertility/Wall-Dillon-et-al-Fert-Use-Survey_FAI-Kildalton-2017.pdf
https://www.teagasc.ie/media/website/crops/soil-and-soil-fertility/Wall-Dillon-et-al-Fert-Use-Survey_FAI-Kildalton-2017.pdf
https://www.teagasc.ie/media/website/crops/soil-and-soil-fertility/Wall-Dillon-et-al-Fert-Use-Survey_FAI-Kildalton-2017.pdf
http://www.irishstatutebook.ie/eli/2014/si/31/made/en/pdf
http://www.irishstatutebook.ie/eli/2014/si/31/made/en/pdf
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3Dal

3Da1t
[ 0.000000 - 0.000004
I 0.000005 - 0.000007
1177.0.000008 - 0.000011
0.000012 - 0.000017
0.000018 - 0.000027
T 0.000028 - 0.000043
[ 0.000044 - 0.000069
1D§Ibmele’i [ 0.000070 - 0.000109

45.49 3D1ab - Cultivation of organic soils (i.e. histosols)/ 3Daé - Culti-
vation of organic soils
Source data LPIS

soils_ie_f1.shp

Data provider | EPA

File location \\MapElre\DatalLi-
brary\LPIS\LPIS_soil_org.mdb\LPIS_soil_org_Tkm

\\MapElre\DataLibrary\LPIS\LPIS_soil_Key.mdb

Projection TMé65

Data descrip- | Land parcels including crop description and land use class
tion*

Soil types for centroids of LPIS polygons
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Workflow The following soil types (IFS_SOIL) are included in the GeoKey:
AmiInPDPT - Peaty Gleys Acidic

AmiInSPPT - Peaty Gleys Shallow

AmInSRPT - Podzols Peaty

BktPt - Blanket peat

BminPDPT - Peaty Gleys Basic Parent Materials Basic
BminSPPT - Peaty Gleys Shallow

Cut - Raised Bog cutaway/cutover

RsPt - Raised bog

Soil type is spatially joined to LPIS layer, the output layer is inter-
sected with the 1 km grid, and the area is calculated by the re-
sulting polygons ([Arealnt]).

The following land use classes (LU) are included in the GeoKey:
Cropland*

Grassland Improved*

Grassland Unimproved*

Select polygons where crop description is “Cropland*” and calcu-
late share of area [ShrArea] by grid cell

The GeoKey shares are calculated as [Arealnt]*[ ShrAreq]
GeoKey 3D1ab

NFR/CRF sec- | 3Daé - Cultivation of organic soils

tor
* See description regarding LPIS data in the LPIS chapter below

3D1ab

-

3D1a6

[ 0.000000 - 0.000020

[N 0.000021 - 0.000064
0.000065 - 0.000117
0.000118 - 0.000179
0.000180- 0.000251
0.000252 - 0.000338

[ 0.000339 - 0.000455

o e— <M1 [ 0.000456 - 0.000750

0 25 S

4.5.50 3Db2 - Nitrogen leaching and run-off
Source data WEFD_RiverWaterbodies.shp

WFD_LakeWaterbodies.shp

TransitionalWaterbodiesActive_08012014
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Data provider

EPA

File location

EPA geoportal

Projection

T™M65

Data descrip-
tion

River: line theme of rivers
Lake: polygon layer of lakes waterbodies
Transitional: polygon layer of transitional waterbodies

Description of the different water areas (lakes, rivers, transitional
waters and coastal waters) http://www.wiser.eu/background/water-
framework-directive/

Workflow

River:

The river area [RiverAreal] is calculated by grid cell, using the at-
tribute data on river area ([AreaKm2]) and river length
([LENGTHKM]) to calculate the width for the river lines, and, after
intersection with the grid, the river length and area by grid cell.

Lake:
The lake area([LakeAreal]) is calculated by grid cell using the ge-
ometry calculation tool in GIS

Transitional:
The transitional water body area [TransArea] is calculated by grid
cell using the geometry calculation tool in GIS

The GeoKey is calculated as the share of the total waterbody
area ([RiverArea]+[LakeArea]+[TransArea]) by grid cell.

Calculate “WaterbodyArea” as [RiverAreal+[Lak-
eArea]+[TransAred]
Calculate “Share” as [WaterbodyArea]/[SumOfWaterbodyAreal

GeoKey

3D1b2

NFR/CRF sec-
tor

3Db2 - Nitrogen leaching and run-off



http://www.wiser.eu/background/water-framework-directive/
http://www.wiser.eu/background/water-framework-directive/
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3D1b2

g3D1b2
[ 0.00000000 - 0.00000034
[ 0.00000035 - 0.00000041
{7 0.00000042 - 0.00000075
0.00000076 - 0.00000234
0.00000235 - 0.00000975
[ 0.00000976 - 0.00004441
[ 0.00004442 - 0.00020636
I 0.00020637 - 0.00096323

4551 4-Land use, land-use change and forestry
Source data CORINE Iand cover maps (CLC2012)
Data provider | Copernicus
File location \\MapElre\DataLibrary\CORINE\CLCkeys.mdb

Projection ETRS_1989_LAEA

Data descrip- | CORINE CLC12 is a vector data land cover map for Europe in-

tion cluding 44 land cover classes, based on satellite images. The
2012 revision of the CORINE land cover map is used

Workflow Areas of cropland are selected from CORINE CLC12 based on

the land cover classes. Following the GeoKey is calculated as the
shares of the cropland area by grid cell.

Similar workflow is used to prepare GeoKeys for forestland, grass-
land, other land, settlements, and wetland.

The following CORINE land cover classes are selected for the dif-
ferent GeoKeys:

Cropland: 212, 222, 242, 243

Forestland: 311,312,313, 324

Grassland: 231, 321

Otherland: 322, 331, 332, 333

Wetland: 411, 412,421, 423,511,512

Settlement: 111, 112, 121, 122, 123, 124, 131, 132, 133, 141, 142
GeoKey CORINEcropland

CORINEforestland

CORINEgrassland

CORINEotherland

CORINEsettlement

CORINEwetland

NFR/CRF sec- | 4A - Land use, land-use change and forestry, Forest land

tor 4B - Land use, land-use change and forestry, Cropland

4C - Land use, land-use change and forestry, Grassland
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4D - Land use, land-use change and forestry, Wetland
4E - Land use, land-use change and forestry, Settlements
4F - Land use, land-use change and forestry, Other land

CORINEcropland

CORINEcropland
[ 0.000000 - 0.000004
[ 0.000005 - 0.000014
{1 0.000015 - 0.000025
0.000026 - 0.000038
0.000039 - 0.000052
[ 0.000053 - 0.000068
[ 0.000069 - 0.000088
I 0.000089 - 0.000112

CORINEgrassland

CORINEgrassland
[N 0.000000 - 0.000003
[ 0.000004 - 0.000007
{1 0.000008 - 0.000011

0.000012- 0.000014

0.000015- 0.000018
[ 0.000019 - 0.000021
N 0.000022 - 0.000024
I 0.000025 - 0.000026

CORINEforestland

Kilometers
100

CORINEotherland

—— — )OS
0 25 50 100

CORINEforestland
[ 0.000000 - 0.000011
[ 0.000012 - 0.000025
{11 0.000026 - 0.000041
0.000042 - 0.000058
0.000059 - 0.000079
[ 0.000080 - 0.000102
N 0.000103 - 0.000129
[ 0.000130- 0.000151

CORINEotherland
[ 0.000000 - 0.000024
[ 0.000025 - 0.000075
{11 0.000076 - 0.000133
0.000134 - 0.000204
0.000205 - 0.000287
[ 0.000288 - 0.000382
[N 0.000383 - 0.000484
I 0.000485 - 0.000562
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CORINEsettlement CORINEwetland

CORINEsettlement 7 v * CORINEwetland

[ 0.000000 - 0.000015 5 [ 0.000000 - 0.000003

I 0.000016 - 0.000047 [ 0.000004 - 0.000010

[ 0.000048 - 0.000084 [ 0.000011 - 0.000018
0.000085 - 0.000124 0.000019 - 0.000027
0.000125- 0.000178 0.000028 - 0.000038

[ 0.000179 - 0.000252 [ 0.000039 - 0.000050

W 0.000253 - 0.000369 [ 0.000051 - 0.000064

I 0.000370 - 0.000572 —— — 0 [ 0.000065 - 0.000081
0 25 50 100

4552 5A - Biological treatment of waste - Solid waste disposal on
land

Source data WST_Facilities

Data provider | EPA

File location

Projection T™M65

Data descrip- | Location of waste facilities

tion

Workflow The GeoKey is calculated of share of the total number of facilities
by grid cell

GeoKey b5A

NFR/CRF sec- | 5A - Biological treatment of waste - Solid waste disposal on land

tor
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* 0.002817

® 0.002818- 0.005634
@ 0.005635- 0.008451
@ 0.008452-0.011268
@ 0.011269-0.016901
@ 0016902- 0.019718
@ 0019719-0.022535

4,553 5B1 - Biological treatment of waste - Composting

Source data

Inventory data
LicencedWasteFacilities_17042015
GEODIR_Buildings

Data provider

EPA

File location

\\MapkElre\DataLibrary\Waste\Composting.mdb

Projection

T™M65

Data descrip-
tion

Inventory data for annual composting amounts for composting
sites and in household

Location of licensed waste facilities including facility type.

Buildings including building type

Workflow

The inventory data for composting is used to calculate the
weighting between composting sites and residential buildings.

Emissions from residential composting is spatially distributed fol-
lowing the GeoKey for residential buildings (Buildings_R )

Emissions from composting sites is spatially distributed on the li-
censed waste facilities with the facility type “Composting/Anaer-
obic Digestion”

The GeoKey is created as a weighted combination of shares for
composting sites and households

GeoKey

5B1

NFR/CRF sec-
tor

5B1 - Biological treatment of waste - Composting
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5B1

4.5.54 5CTbi - Industrial waste incineration
Source data PRTR data

Data provider | EPA

File location
Projection
Data descrip- | Activity data (D10, tonnage) by industrial waste incineration facil-
tion ity

Workflow The GeoKey is calculated as shares of total industrial waste incin-
eration by plant
GeoKey 5C1bi

NFR/CRF sec- | 5C1bi - Industrial waste incineration
tor
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5C1bi

g5C1bi
© 0.000150 - 0.062969
® 0.062970-0.128088
® 0.128089- 0.195594
® 0.195595 - 0.265572
@ 0.265573-0.338113
@ 0338114 -0.413312

45,55 5CThbiii - Clinical waste incineration
Source data Points

Data provider | Geofabrik

File location http://download.geofabrik.de/

Projection WGS84

Data descrip- | Point features from Open Street Map available from Geofabrik.
tion Points are categorised into 600 categories

Workflow Points categorised as “Hospitals” and “Clinics” and that are lo-

cated inside the Irish EEZ are selected.

The GeoKey is calculated as share of number of hospitals and
clinics by grid cell

GeoKey 5C1biii

NFR/CRF sec- | 5C1biii - Clinical waste incineration

tor
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5C1biii

g5C1biii
e 0002801
® 0.002802-
® 0.005603-
©® 0.008404-
® 0011205-
@ 0014007 -
@ 0016808-
@ 0025211 -

4556 5CTbv - Cremation

Source data Inventory data
Data provider | EPA

File location

Projection

Data descrip- | Number of cremations by crematorium (4 facilities in 2015)
tion

Workflow The facilities are geocoded and the GeoKey is calculated as
shares of total number of cremations by facility
GeoKey 5C1bv

NFR/CRF sec- | 5C1bv - Cremation
tor
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5Clbv

g5C1bv
* 0128403
® 0.128404-0.179456
@ 0.179457 - 0.274063

@ 0274064 - 0.418079
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5 TKey development

5.1 Temporal keys (TKeys)

A temporal key (TKey) is a table holding shares of an emission to be allocated to
given time intervals, e.q. shares of the NOx from road transport with passenger cars to
be allocated by month. The TKeys are normalised tables where the sum of shares for
each table is one. Three temporal profiles are prepared for each emission source cat-
egory in the spatial model describing the monthly, the daily and the hourly distribu-
tions. For selected emission sources, separate hourly TKeys are prepared for different
days of the week, where weekday 1 refer to Monday. An example is road transport,
where separate hourly TKeys are prepared for Monday (weekday 1), Tuesday-Thurs-
day (weekday 2-4), Friday (weekday 5), Saturday (weekday 6) and Sunday (week-
day 7), respectively. In other cases, separate TKeys are prepared for different pollu-
tants for an emission source category, as the emissions are related to different activi-
ties or processes. This is e.g. the case for domestic wastewater handling, where two
separate TKeys are prepared for N2O and for remaining pollutants, respectively.

TKeys are stored as tables in MS Excel and imported to the temporal model in MS Ac-
cess database. The TKeys include the parameters;

Monthly TKeys:
e GNFR: GNFR category name
e NFR:NFR category name
e PollD: pollutant. If a specific pollutant name is applied, the TKey will be used
for that pollutant only, e.g. N20O. If the value “All” is applied, the TKey will be
used for all pollutants that does not have a specific TKey
e Month: share of emission sum up to 1

Daily TKeys:
e GNFR: GNFR category name
e NFR:NFR category name
e PollD: pollutant. If a specific pollutant name is applied, the TKey will be used
for that pollutant only, e.g. N2O. If the value “All” is applied, the TKey will be
used for all pollutants that does not have a specific TKey
e Day: share of emission sum up to 1

Hourly TKeys:
e GNFR: GNFR category name
e NFR:NFR category name
o  Weekday: share of emission sum up to 1

The tables below gives examples on monthly, daily and hourly TKeys for Waste
(GNFR category J), Industry (GNFR category B) and road transport (NFR categories
1A3bi, 1A3bii, and 1A3biii).
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GNFR NFR pol_id | 1 2 3 4 5 6 7 8 9 10 11 12
J_Waste | 5A All 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
J_Waste | 5B1 All 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
J_Waste | 5C1bi | All 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
J_Waste | 5Clbv | All 0.095 | 0.095 | 0.095 | 0.083 | 0.083 | 0.083 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078 | 0.078
J_Waste | 5C2 All 0.160 | 0.160 | 0.160 | 0.100 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.100 | 0.160 | 0.160
J_Waste | 5D1 All 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
J_Waste | 5D1 N20 0.057 | 0.061 | 0.066 | 0.085 | 0.094 | 0.098 | 0.096 | 0.098 | 0.096 | 0.094 | 0.088 | 0.066
J_Waste | 5E All 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
Table 9 Daily TKey for industry

GNFR NFR pol_id | 1 2 3 4 5 6 7

B_Industry | 1Alb All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143

B_Industry | 1Alc All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143

B_Industry | 1A2a All 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.000 | 0.000

B_Industry | 1A2b All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143

B_Industry | 1A2c All 0.167 | 0.167 | 0.167 | 0.167 | 0.167 | 0.083 | 0.083

B_Industry | 1A2d All 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.000 | 0.000

B_Industry | 1A2e All 0.167 | 0.167 | 0.167 | 0.167 | 0.167 | 0.083 | 0.083

B_Industry | 1A2f All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143

B_Industry | 1A2guviii | All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
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B_Industry | 2A1 All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2A2 All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2A4a All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2A4b All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2A4d All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2A5a All 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.000 | 0.000
B_Industry | 2A5b All 0.156 | 0.156 | 0.156 | 0.156 | 0.156 | 0.109 | 0.109
B_Industry | 2A5c All 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.000 | 0.000
B_Industry | 2A6 All 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.000 | 0.000
B_Industry | 2B10b All 0.157 | 0.178 | 0.182 | 0.184 | 0.177 | 0.076 | 0.046
B_Industry | 2C2 All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2D3b All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143
B_Industry | 2D3c All 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.000 | 0.000
B_Industry | 2H2 All 0.167 | 0.167 | 0.167 | 0.167 | 0.167 | 0.083 | 0.083
B_Industry | 2I All 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143 | 0.143

Table 10 Hourly TKey for road transport for passenger cars (1A3bi), light duty vehicles (1A3bii), and heavy duty vehicles (1A3biii).

GNFR NFR Weekday 0 1 2 3 4 5 6 7 8 9 10 11
F_RoadTransport | 1A3bi 1 0.007 | 0.004 | 0.002 | 0.003 | 0.006 | 0.013 | 0.038 | 0.067 | 0.075 | 0.058 | 0.050 | 0.053
F_RoadTransport | 1A3bi 2-4 0.006 | 0.003 | 0.002 | 0.002 | 0.005 | 0.011 | 0.037 | 0.068 | 0.078 | 0.061 | 0.050 | 0.050
F_RoadTransport | 1A3bi 5 0.007 | 0.004 | 0.003 | 0.003 | 0.005 | 0.010 | 0.030 | 0.058 | 0.066 | 0.052 | 0.047 | 0.052
F_RoadTransport | 1A3bi 6 0.011 | 0.007 | 0.005 | 0.004 | 0.006 | 0.008 | 0.014 | 0.024 | 0.037 | 0.052 | 0.063 | 0.076
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F_RoadTransport | 1A3bi 7 0.012 | 0.009 | 0.006 | 0.005 | 0.006 | 0.006 | 0.010 | 0.016 | 0.021 | 0.034 | 0.048 | 0.065
F_RoadTransport | 1A3bii 1 0.005 | 0.004 | 0.003 | 0.004 | 0.008 | 0.018 | 0.052 | 0.077 | 0.070 | 0.069 | 0.063 | 0.063
F_RoadTransport | 1A3bii 2-4 0.005 | 0.004 | 0.003 | 0.004 | 0.007 | 0.015 | 0.050 | 0.077 | 0.070 | 0.068 | 0.062 | 0.061
F_RoadTransport | 1A3bii 5 0.006 | 0.005 | 0.004 | 0.004 | 0.007 | 0.015 | 0.046 | 0.073 | 0.066 | 0.064 | 0.061 | 0.063
F_RoadTransport | 1A3bii 6 0.011 | 0.009 | 0.008 | 0.008 | 0.010 | 0.013 | 0.027 | 0.048 | 0.057 | 0.065 | 0.070 | 0.076
F_RoadTransport | 1A3bii 7 0.014 | 0.013 | 0.011 | 0.010 | 0.010 | 0.011 | 0.017 | 0.026 | 0.034 | 0.045 | 0.054 | 0.066
F_RoadTransport | 1A3biii 1 0.008 | 0.007 | 0.007 | 0.010 | 0.014 | 0.027 | 0.050 | 0.061 | 0.065 | 0.072 | 0.073 | 0.074
F_RoadTransport | 1A3biii 2-4 0.011 | 0.010 | 0.010 | 0.011 | 0.016 | 0.028 | 0.051 | 0.062 | 0.065 | 0.071 | 0.071 | 0.072
F_RoadTransport | 1A3biii 5 0.012 | 0.011 | 0.011 | 0.012 | 0.017 | 0.030 | 0.053 | 0.065 | 0.067 | 0.072 | 0.072 | 0.073
F_RoadTransport | 1A3biii 6 0.026 | 0.022 | 0.020 | 0.022 | 0.025 | 0.033 | 0.051 | 0.062 | 0.069 | 0.073 | 0.073 | 0.069
F_RoadTransport | 1A3biii 7 0.022 | 0.018 | 0.015 | 0.016 | 0.017 | 0.019 | 0.030 | 0.037 | 0.044 | 0.050 | 0.052 | 0.053
continued
GNFR NFR Weekday 12 13 14 15 16 17 18 19 20 21 22 23
F_RoadTransport | 1A3bi 1 0.057 | 0.060 | 0.061 | 0.066 | 0.080 | 0.088 | 0.073 | 0.050 | 0.036 | 0.026 | 0.017 | 0.010
F_RoadTransport | 1A3bi 2-4 0.053 | 0.057 | 0.058 | 0.065 | 0.080 | 0.088 | 0.075 | 0.053 | 0.037 | 0.028 | 0.020 | 0.012
F_RoadTransport | 1A3bi 5 0.059 | 0.064 | 0.069 | 0.077 | 0.082 | 0.081 | 0.071 | 0.056 | 0.041 | 0.029 | 0.021 | 0.014
F_RoadTransport | 1A3bi 6 0.084 | 0.086 | 0.083 | 0.078 | 0.076 | 0.072 | 0.063 | 0.050 | 0.038 | 0.027 | 0.020 | 0.016
F_RoadTransport | 1A3bi 7 0.081 | 0.088 | 0.086 | 0.083 | 0.081 | 0.080 | 0.076 | 0.065 | 0.051 | 0.035 | 0.022 | 0.013
F_RoadTransport | 1A3bii 1 0.064 | 0.062 | 0.065 | 0.072 | 0.080 | 0.073 | 0.053 | 0.036 | 0.024 | 0.017 | 0.011 | 0.007
F_RoadTransport | 1A3bii 2-4 0.062 | 0.062 | 0.065 | 0.073 | 0.082 | 0.073 | 0.054 | 0.037 | 0.025 | 0.018 | 0.012 | 0.008
F_RoadTransport | 1A3bii 5 0.066 | 0.069 | 0.074 | 0.080 | 0.075 | 0.065 | 0.050 | 0.037 | 0.026 | 0.019 | 0.013 | 0.009
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F_RoadTransport | 1A3bii 6 0.079 | 0.078 | 0.074 | 0.070 | 0.066 | 0.060 | 0.051 | 0.040 | 0.030 | 0.021 | 0.016 | 0.013
F_RoadTransport | 1A3bii 7 0.075 | 0.079 | 0.077 | 0.075 | 0.074 | 0.073 | 0.069 | 0.058 | 0.044 | 0.031 | 0.021 | 0.014
F_RoadTransport | 1A3biii 1 0.073 | 0.070 | 0.071 | 0.070 | 0.061 | 0.048 | 0.040 | 0.031 | 0.023 | 0.018 | 0.015 | 0.013
F_RoadTransport | 1A3biii 2-4 0.072 | 0.070 | 0.071 | 0.069 | 0.060 | 0.046 | 0.038 | 0.030 | 0.022 | 0.018 | 0.015 | 0.013
F_RoadTransport | 1A3biii 5 0.073 | 0.071 | 0.070 | 0.065 | 0.055 | 0.044 | 0.036 | 0.028 | 0.021 | 0.017 | 0.014 | 0.012
F_RoadTransport | 1A3biii 6 0.066 | 0.060 | 0.053 | 0.048 | 0.044 | 0.041 | 0.038 | 0.032 | 0.024 | 0.019 | 0.015 | 0.014
F_RoadTransport | 1A3biii 7 0.056 | 0.057 | 0.055 | 0.055 | 0.058 | 0.063 | 0.068 | 0.061 | 0.050 | 0.041 | 0.033 | 0.028
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5.2 General methodology

The TKeys are prepared in MS Excel and the final TKeys are collected in common
worksheets for monthly, daily and hourly profiles, respectively, for import to the tem-
poral model in MS Access. The TKeys are described separately in the next sections.

TKeys are developed to reflect the distribution of emissions from a source on a given
temporal level (months, days, or hours). The temporal distribution can be based on
different kinds of temporal data and information, e.qg. monthly electricity output,
hourly traffic counts, and assumptions such as close down or reduced activity levels in
weekends for specific industries. Some of the temporal input data are closely related
to the emission, e.q. electricity output, as the fuel consumption and to a certain de-
gree also emissions are well correlated with the electricity production. Others are
poorer proxies, e.g. number of trains by route from time tables, as the trains might be
of different characters. Further, neither activities at service and shunting areas nor
freight trains are covered in the time tables, but contribute significantly to the emis-
sions.

To improve the quality of the temporal distribution, TKeys should be prepared on a
disaggregated sectoral level, as this leave the possibility to reflect the sectoral prop-
erties as detailed as possible. E.q. separate TKeys should be prepared for different
animal types in the agricultural sectors and for different vehicle types for road
transport. In some cases it can be of benefit to prepare separate TKeys for different
pollutants for a sector, as pollutants might occur from different activities or processes.
This is e.q. the case for domestic wastewater handling, where N2O show a seasonal
variation with the water temperature, while the same correlation is not found for CHa.

The temporal model use the TKeys for the entire Irish domain, and following it is not
possible to reflect regional differences using the temporal emission distribution. In-
cluding a spatial parameter in the temporal model would increase the data amounts
significantly, and for many sectors it would be of no or little relevance, as the TKeys
are based on proxies for national characteristics. Few sources could benefit from in-
cluding a spatial parameter in the temporal model, e.q. agricultural soils, where dif-
ferent practices occur in different parts of the country, and road transport, where the
temporal pattern is different in large cities, along commuting routes and in rural ar-
eas.

5.3 TKeys

All NFR/CRF sectors in the Irish emission inventory are assigned a TKey in the MapkElre
model. This chapter describes the development of the TKeys used in the Irish tem-
poral emission mapping model, including information on the data, information and
assumptions used to derive the TKeys. A list of the monthly, daily and hourly TKeys are
found in Annex 4 - List of TKeys. The data used to compile the temporal profiles vary
among the sectors, depending on data availability. Hourly electricity generation and
hourly vehicle numbers are used to make temporal profiles for public power and
road transport, respectively. In both cases, the input data are of high detail and well
correlated to the emissions. Information from time tables are used for railways and
aviation, but even though information are available on hourly basis, the number of
trains/planes are less well correlated to the emissions, due to the different emission
properties for different train and plane types. Availability of temporal data are gener-
ally scarce, and for many sectors, the temporal profiles are based on assumptions.
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5.3.1 Public power

GNFR A

NFR/CRF 1A1a

Pollutant All

Temporal res- | Monthly Daily Hourly

olution

Weekday Monday-Saturday

Sunday
Input data MSMO1: Electricity Output by State, Month and | Electricity generation excluding wind. Electricity generation excluding wind.

Statistic

Net Electricity Output (Gigawatt Hours)

Hourly actual electricity generation
(MW)

Hourly actual electricity generation
(MW)

ire/SelectVarVal/Define.asp?mainta-
ble=MSM01&PLanguage=0

Data provider | CSO EirGrid EirGrid
Data source https://www.cso.ie/en/data- http://smartgriddash- http://smartgriddash-
bases/https://www.cso.ie/px/pxeirestat/Stat- | board.eirgrid.com/# board.eirgrid.com/#

Description Average monthly net electricity output for the | Average electricity generation ex. wind | Average electricity generation ex. wind
years 2010-2017 by weekday by hour for Monday-Saturday and for
Sunday
5.3.2 Industry
GNFR B_Industry
NFR/CRF 1A2b
1A2f
1A2qviii
Pollutant All



https://www.cso.ie/en/databases/
https://www.cso.ie/en/databases/
https://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=MSM01&PLanguage=0
https://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=MSM01&PLanguage=0
https://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=MSM01&PLanguage=0
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Temporal reso- | Monthly Daily Hourly
lution

Weekday All
Input data Industrial volume indices - MIMO3

Data provider

CSO

Data source

https://www.cso.ie/en/databases/

Description Average for years 2010-2017 for the following cate- Assumption: Even distribu- Assumption: Even distribution
gories: tion
1A2b:

Basic metals and fabricated metal products
1A2f:
Other non-metallic mineral products
1A2qviii;
Rubber and plastic products,
Machinery and equipment n.e.c,
Tobacco: leather; petroleum; transport equipment;
furniture; repair of machinery
Textiles, wearing apparel and leather products
Computer, electronic, optical and electrical
equipment
Transport equipment
Other manufacturing, repair and installation of
machinery and equipment

GNFR B_Industry

NFR/CRF 1A2a
1A2d

Pollutant All



https://www.cso.ie/en/databases/
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Temporal reso- | Monthly Daily Hourly
lution

Weekday All
Input data Industrial volume indices - MIMO3

Data provider

CSO

Data source

https://www.cso.ie/en/databases/

Description Average for years 2010-2017 for the fol- | Assumption: Even distribution for working | Assumption: Even distribution for working
lowing categories: days hours (7-16)
1A2a:
Basic metals and fabricated metal
products

1A2d:
Paper and paper products, printing
and reproduction of recorded media

GNFR B_Industry

NFR/CRF 2A5a

Pollutant All

Temporal reso- Monthly Daily Hourly

lution

Weekday All

Input data Industrial volume indices - MIMO3

Data provider

CSO

Data source

https://www.cso.ie/en/databases/

Description

Average for years 2010-2017 for the fol-
lowing category:
2Aba:

Mining and quarrying

Assumption: Even distribution for working
days

Assumption: Even distribution for day-
time hours (7-22) and less production at
night



https://www.cso.ie/en/databases/
https://www.cso.ie/en/databases/
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GNFR B_Industry
NFR/CRF 1A2c
1A2e
2H2
Pollutant All
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Industrial volume indices - MIMO3

Data provider

CSO

Data source

https://www.cso.ie/en/databases/

lution

Description Average for years 2010-2017 for the fol- | Assumption: Even distribution for working | Assumption: Even distribution for day-
lowing categories: days and less production in weekends time hours (7-22) and less production at
1A2c: night

Chemicals and pharmaceuticals
1A2e, 2H2:
Food products and beverages

GNFR B_Industry

NFR/CRF 1A1b
1Alc

Pollutant All

Temporal reso- | Monthly Daily Hourly

Weekday

Input data



https://www.cso.ie/en/databases/
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Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution
GNFR B_Industry
NFR/CRF 2A1
2A2
2A4a
2A4b
2A4d
Pollutant All
Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description Assumption: same distribution as 1A2f Assumption: Even distribution Assumption: Even distribution
GNFR B_Industry

NFR/CRF 2A5b

Pollutant All

Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Index of Employment in Building and
Construction Industry - BBM0O2

The Non-Domestic Energy Assessment
Procedure (NEAP)

The Non-Domestic Energy Assessment
Procedure (NEAP)
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NMC database

NMC database

Data provider

CSO

SEAI

SEAI

Data source

https://www.cso.ie/en/databases/

https://www.seai.ie/energy-in-busi-
ness/ber-assessor-support/neap/

https:.//www.seai.ie/energy-in-busi-
ness/ber-assessor-support/neap/

Description Average for years 2000-2007 Hourly equipment fractions for week- Hourly equipment fractions for industrial
days and weekends for industrial pro- process areas in industrial process build-
cess buildings ings

GNFR B_Industry

NFR/CRF 2A6

2D3c
Pollutant All
Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution for week- Assumption: Even distribution for day-
days time hours (7-22) and less production at
night
GNFR B_Industry
NFR/CRF 2C2
2l
Pollutant All



https://www.cso.ie/en/databases/

TKEY DEVELOPMENT

MAPEIRE - TECHNICAL
DOCUMENTATION REPORT

109

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday

Input data

Data provider

Data source

lution

Description Assumption: Even distribution Assumption: Even distribution Assumption; Even distribution
GNFR B_Industry

NFR/CRF 2B10b

Pollutant All

Temporal reso- | Monthly Daily Hourly

Weekday

Input data

Data provider

Data source

lution

Description Assumption: Same as Road transport; Assumption: Same as Road transport; Assumption: Same as Road transport:
Heavy duty vehicles and buses Heavy duty vehicles and buses Heavy duty vehicles and buses

GNFR B_Industry

NFR/CRF 2D3b

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday

Input data
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Data provider

Data source

Description

Assumption: Even distribution May-Octo-
ber, less activity in March-April and No-
vember, and low activity in December-
February

Assumption: Even distribution

Assumption: Even distribution

5.3.3 Other stationary combustion

GNFR C_OtherStationaryComb

NFR/CRF 1A4ai

Pollutant All

Temporal reso- Monthly Daily Hourly

lution

Weekday Separate profiles for working days and

weekends

Input data Monthly degree days The Non-Domestic Energy Assessment The Non-Domestic Energy Assessment
Procedure (NEAP) Procedure (NEAP)
NMC database NMC database

Data provider Met Eirann SEAI SEAI

Data source

https://www.met.ie/climate/available-
data/monthly-data

https://www.seai.ie/energy-in-busi-
ness/ber-assessor-support/neap/

https://www.seai.ie/energy-in-busi-
ness/ber-assessor-support/neap/

Description Monthly degree days data sets for 25 Hourly equipment fractions for week- Smoothed hourly equipment fractions for
synoptic weather stations days and weekends for dwellings weekdays and weekends for dwellings.

GNFR C_OtherStationaryComb

NFR/CRF 1A4Dbi

Pollutant All
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Temporal reso- | Monthly Daily Hourly

lution

Weekday Separate profiles for working days and

weekends

Input data Monthly degree days The Non-Domestic Energy Assessment The Non-Domestic Energy Assessment
Procedure (NEAP) Procedure (NEAP)
NMC database NMC database

Data provider Met Eirann SEAI SEAI

Data source

https://www.met.ie/climate/available-
data/monthly-data

https://www.seai.ie/energy-in-busi-
ness/ber-assessor-support/neap/

https://www.seai.ie/energy-in-busi-
ness/ber-assessor-support/neap/

Description Monthly degree days data sets for 25 Hourly equipment fractions for week- Smoothed hourly equipment fractions for

synoptic weather stations days and weekends for commercial and | weekdays and weekends for commer-
institutional buildings cial and institutional buildings

GNFR C_OtherStationaryComb

NFR/CRF 1A4ci

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data Monthly degree days Hourly temperature data for Dublin air-

port
Data provider Met Eirann data.gov.ie

Data source

https://www.met.ie/climate/available-
data/monthly-data

https://data.gov.ie/dataset/dublin-air-
port-daily-weather-station-data

Description

Monthly degree days data sets for 25
synoptic weather stations

Assumption: Even distribution

Assumption: the activity is inversely pro-
portional to the temperature when the
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annual average for a month-hour com-

bination is below 14 degree

5.3.4 Fugitive emissions from fuels

lution

GNFR D_Fuqitive
NFR/CRF 1Bla
1B2aiv
1B2¢c
Pollutant All
Temporal reso- Monthly Daily Hourly

Weekday

Input data

Data provider

Data source

lution

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution
GNFR D_Fugitive

NFR/CRF 1B2av

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday

Input data

Traffic count data

Traffic count data

Traffic count data

Data provider

Tl / NRA

Tl / NRA

Tl / NRA

Data source

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie
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Description Hourly passenger cars volumes in 2017 Hourly passenger cars volumes in 2017 Hourly passenger cars volumes in 2017
for all traffic counter sites aggregated by | for all traffic counter sites aggregated by | for all traffic counter sites
month weekday

GNFR D_Fugitive

NFR/CRF 1B2b

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Separate distributions for Monday-Satur-
day and Sunday

Input data

Networked gas consumption

Data provider

CSO

Data source

Description

Networked Gas Consumption by Quar-
ter for the residential and the non-resi-
dential sector for 2011-2017. Monthly
distribution estimated using interpola-
tion.

Assumption: same distribution as TATa

Assumption: same distribution as TATa

5.3.5 Solvents

lution

GNFR E_Solvents
NFR/CRF 2D3d
2D3e
Pollutant All
Temporal reso- Monthly Daily Hourly
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Weekday
Input data

Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution for working
hours (7-20)

GNFR E_Solvents

NFR/CRF 2D3f

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution for working | Assumption: Even distribution for day-
days time hours (7-22) and less production at
night
GNFR E_Solvents
NFR/CRF 2D3a
Pollutant All
Temporal reso- Monthly Daily Hourly

lution

Weekday

Separate profiles for working days and
weekends
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Input data

Data provider

Data source

lution

Description Assumption: Even distribution Assumption: same as 1A4bi Assumption: same as 1A4bi
GNFR E_Solvents
NFR/CRF 2D3g
2D3h
2G1
2G2
Pollutant All
Temporal reso- Monthly Daily Hourly

Weekday

Input data

Data provider

Data source

lution

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution
GNFR E_Solvents

NFR/CRF 2D3i

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday

Input data

Data provider
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Data source

Description

Assumption: Even distribution

Assumption: Even distribution

Assumption: Even distribution for day-
time hours (7-22) and less production at
night

5.3.6 Road transport

lution

GNFR F_RoadTransport

NFR/CRF 1A3Dbi

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday Separate temporal distribution for Mon-
day, Tuesday-Thursday, Friday, Saturday
and Sunday

Input data Traffic count data Traffic count data Traffic count data

Data provider TII / NRA TIl / NRA TIl / NRA

Data source

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

lution

Description Hourly passenger cars volumes in 2017 Hourly passenger cars volumes in 2017 Hourly passenger cars volumes in 2017
for all traffic counter sites aggregated by | for all traffic counter sites aggregated by | for all traffic counter sites
month weekday

GNFR F_RoadTransport

NFR/CRF 1A3bii

Pollutant All

Temporal reso- | Monthly Daily Hourly
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Weekday Separate temporal distribution for Mon-
day, Tuesday-Thursday, Friday, Saturday
and Sunday
Input data Traffic count data Traffic count data Traffic count data
Data provider TIl / NRA TIl / NRA TIl / NRA

Data source

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

lution

Description Hourly light duty vehicles volumes in Hourly light duty vehicles volumes in Hourly light duty vehicles volumes in
2017 for all traffic counter sites aggre- 2017 for all traffic counter sites aggre- 2017 for all traffic counter sites
gated by month gated by weekday

GNFR F_RoadTransport

NFR/CRF 1A3biii

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday Separate temporal distribution for Mon-
day, Tuesday-Thursday, Friday, Saturday
and Sunday

Input data Traffic count data Traffic count data Traffic count data

Data provider TII / NRA TI / NRA TIl / NRA

Data source

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

Description Hourly heavy duty vehicles volumes in Hourly heavy duty vehicles volumes in Hourly heavy duty vehicles volumes in
2017 for all traffic counter sites aggre- 2017 for all traffic counter sites aggre- 2017 for all traffic counter sites
gated by month gated by weekday

GNFR F_RoadTransport

NFR/CRF

1A3biv




lution
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Pollutant All
Temporal reso- | Monthly Daily Hourly

Weekday Separate temporal distribution for Mon-
day, Tuesday-Thursday, Friday, Saturday
and Sunday

Input data Traffic count data Traffic count data Traffic count data

Data provider Tl / NRA TIl / NRA TIl / NRA

Data source

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

Description Hourly motorcycles volumes in 2017 for Hourly motorcycles volumes in 2017 for Hourly motorcycles volumes in 2017 for
all traffic counter sites aggregated by all traffic counter sites aggregated by all traffic counter sites
month weekday

GNFR F_RoadTransport

NFR/CRF 1A3bv

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Monthly temperature

Hourly temperature data for Dublin air-
port

Data provider

Met Eirann

data.gov.ie

Data source

https://www.met.ie/climate/available-
data/monthly-data

https://data.gov.ie/dataset/dublin-air-
port-daily-weather-station-data

Description

Monthly temperature data sets for 25
synoptic weather stations

Assumption: Even distribution

Annual average diurnal temperature
variation minus 6 degree
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GNFR F_RoadTransport
NFR/CRF 1A3bvi
Pollutant All
Temporal reso- | Monthly Daily Hourly

lution

Weekday Separate temporal distribution for Mon-
day, Tuesday-Thursday, Friday, Saturday
and Sunday

Input data Traffic count data Traffic count data Traffic count data

Data provider T/ NRA TIl / NRA TIl / NRA

Data source

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

https://www.nratrafficdata.ie

Description Hourly traffic volumes for all vehicle Hourly traffic volumes for all vehicle Hourly traffic volumes for all vehicle
types in 2017 for all traffic counter sites types in 2017 for all traffic counter sites types in 2017 for all traffic counter sites
aggregated by month aggregated by weekday

5.3.7 Shipping

GNFR G_Shipping

NFR/CRF 1A3dii

Pollutant All

Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Assumption: Even distribution

Assumption: Even distribution

Assumption: Even distribution
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GNFR P_IntShipping
NFR/CRF 1A3di(i)
Pollutant All
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution
5.3.8 Aviation
GNFR H_Aviation
NFR/CRF 1A3ai(i)
1A3aqii(i)
Pollutant All
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Passenger numbers classified by na-
tional and international traffic handled
by main airports

Passenger numbers classified by arrivals
and departures by month handled by
main qirports

Summer and winter timetables for Dublin
airport for 2017

Summer and winter timetables for Dublin
airport for 2017

Data provider

CSO

Dublin Airport

Dublin Airport

Data source

https://cso.ie/en/releasesandpublica-
tions/er/as/aviationstatistics2014/

https://www.dublinairport.com/flight-in-
formation/online-timetables

https://www.dublinairport.com/flight-in-
formation/online-timetables



https://cso.ie/en/releasesandpublications/er/as/aviationstatistics2014/
https://cso.ie/en/releasesandpublications/er/as/aviationstatistics2014/
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/flight-information/online-timetables
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https://www.dublinair- https://www.dublinair-
port.com/docs/default-source/Flight-In- | port.com/docs/default-source/Flight-In-
formation-Documents/dublin-airport- formation-Documents/dublin-airport-
summer-timetable-2017.pdf?sfvrsn=2 summer-timetable-2017.pdf?sfvrsn=2
Description Monthly passenger numbers by main air- | Number of domestic and international Number of domestic and international
port for 2014 combined with ratio of na- | departures and arrivals by airport and by | departures and arrivals by airport and by
tional and international traffic by main weekday hour
airport for 2014
GNFR O_AviCruise
NFR/CRF 1A3aiii)
1A3aqii(ii)
Pollutant All
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Monthly flight numbers for main airports

Summer and winter timetables for Dublin
airport for 2017

Summer and winter timetables for Dublin
airport for 2017

Data provider

Irish Aviation Authority

Dublin Airport

Dublin Airport

Data source

https://www.iaa.ie/who-we-are/flight-
statistics/monthly-review

https://www.dublinairport.com/flight-in-
formation/online-timetables

https://www.dublinair-
port.com/docs/default-source/Flight-In-
formation-Documents/dublin-airport-
summer-timetable-2017.pdf?sfvrsn=2

https://www.dublinairport.com/flight-in-
formation/online-timetables

https://www.dublinair-
port.com/docs/default-source/Flight-In-
formation-Documents/dublin-airport-
summer-timetable-2017.pdf?sfvrsn=2



https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.iaa.ie/who-we-are/flight-statistics/monthly-review
https://www.iaa.ie/who-we-are/flight-statistics/monthly-review
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/flight-information/online-timetables
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
https://www.dublinairport.com/docs/default-source/Flight-Information-Documents/dublin-airport-summer-timetable-2017.pdf?sfvrsn=2
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Description Average monthly en route, terminal and | Number of domestic and international Number of domestic and international

North Atlantic communications flights for
2016-2017

departures and arrivals by airport and by
weekday

departures and arrivals by airport and by
hour

5.3.9 Offroad

lution

GNFR |_Offroad

NFR/CRF 1A2qvii

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday

Input data

Index of Employment in Building and
Construction Industry - BBM02

Data provider

CSO

Data source

https://www.cso.ie/en/databases/

lution

Description Average for years 2000-2007 Assumption: Even distribution Assumption: Even distribution
GNFR |_Offroad

NFR/CRF 1A3c

Pollutant All

Temporal reso- | Monthly Daily Hourly

Weekday Separate temporal distribution for Mon-
day-Friday, Saturday and Sunday
Input data Timetables by route Timetables by route



https://www.cso.ie/en/databases/
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Data provider

Irish rail

Irish rail

Data source

http://www.irishrail.ie/train-timeta-
bles/timetables-by-route

http://www.irishrail.ie/train-timeta-
bles/timetables-by-route

Description Assumption: Even distribution Number of passenger train by route and | Number of passenger train by route,
weekday weekday and hour
Assumption: 50 % of emissions from pas- | Assumption: 50 % of emissions from pas-
senger trains and 50 % emissions from senger trains and 50 % emissions from
freight. Even distribution of emissions freight. Even distribution of emissions
from freight from freight

GNFR |_Offroad

NFR/CRF 1A3ei

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution
GNFR |_Offroad

NFR/CRF 1A4qii

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution
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Weekday
Input data

Data provider

Data source

Description Assumption: same as 1A4ai Assumption: same as 1A4ai Assumption: same as TA4qi
GNFR |_Offroad

NFR/CRF 1 A4bii

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

lution

Description Assumption: same as 1A4bi Assumption: same as 1A4bi Assumption: same as 1A4bi
GNFR |_Offroad

NFR/CRF 1 A4cii

Pollutant All

Temporal reso- | Monthly Daily Hourly

Weekday

Input data

Number of and fuel consumption by
field activities for annual crops and for
grass and grazing, and monthly distribu-
tion of activities
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Data provider

The Danish Institute of Agricultural Sci-
ences (now DCA - Danish Centre for
Food and Agriculture)

The Danish National Agricultural Advi-
sory Centre (now SEGES)

Data source

Markbrug (Tillage). DJF-report no. 105.
June 2004. http://web.agrsci.dk/djfpub-
likation/index.asp?action=show&id=778

Handbog for driftsplanlcegning (Opera-
tions Planning Manual), Landbrugsforla-
get, 2009

lution

Description Assumption: Even distribution for Mon- Assumption: Even distribution for working
day-Saturday and less activity on Sun- hours (8-18)
day

GNFR |_Offroad

NFR/CRF 1AA4ciii

Pollutant All

Temporal reso- | Monthly Daily Hourly

Weekday

Input data

Fish landings by Irish Vessels

Data provider

CSO

Data source

https://www.cso.ie/en/releasesand-
publications/er/fl/fishlandings2007 -
2016/



http://web.agrsci.dk/djfpublikation/index.asp?action=show&id=778
http://web.agrsci.dk/djfpublikation/index.asp?action=show&id=778

TR DOCUMENTATION REPORT 126
Description Average landings by Irish vessels by Assumption: Even distribution Assumption: Even distribution
month for the years 2003-2016
5.3.10 Waste
GNFR J_Waste
NFR/CRF 5A
5B1
5D1
Pollutant All excl. N2O
Temporal reso- Monthly Daily Hourly
lution
Weekday
Input data

Data provider

Data source

Description Assumption: Even distribution Assumption: Even distribution Assumption: Even distribution
GNFR J_Waste

NFR/CRF 5D1

Pollutant N2O

Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Monthly average nitrous oxide emission
and wastewater temperature

Data provider

Data source

Daelman et al. (2013)
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Description Based on a delayed correlation be- Assumption: Even distribution Assumption: Even distribution
tween N20 and wastewater tempera-
ture

GNFR J_Waste

NFR/CRF 5C1bi

Pollutant All

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Quarter and Statistic (VSQ17)

Description Assumption: Even distribution Assumption: Even distribution for working | Assumption: Even distribution for day-
days time hours (7-18)

GNFR J_Waste

NFR/CRF 5Clbv

Pollutant All

Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data Deaths Registered Provisional by Sex,

Data provider

CSO

Data source

https://www.cso.ie/en/databases/



https://www.cso.ie/en/databases/
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Description Average for the years 2010-2017 Assumption: Even distribution for working | Assumption: Even distribution for working
days hours (9-17)
GNFR J_Waste
NFR/CRF 5C2
Pollutant All
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Assumption: Even distribution for working
hours (10-17)

lution

Description Assumption: Even distribution for Novem- | Assumption: Even distribution Assumption: Even distribution for working
ber-March, less activity for April and Oc- hours (10-17)
tober, and no activity for May-Septem-
ber

GNFR J_Waste

NFR/CRF 5E

Pollutant All

Temporal reso- Monthly Daily Hourly

Weekday

Input data

Data provider

Data source
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Description Assumption: Even distribution Assumption: Even distribution for working | Assumption: increasing activity in the af-

days and higher activity level in week-
ends, as fires occur evenly, but contribu-
tion from bonfires and other open burn-
ing is assumed to be skewed towards
the weekends

ternoon and evening. Highest activity
level for the hours 20-21 and lowest ac-
tivity level for the hours 1-5

5.3.11 Agriculture

GNFR K_AgriLivestock

NFR/CRF 3Bl1a

Pollutant

Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution
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GNFR K_AgriLivestock
NFR/CRF 3B1b
3B4d
Pollutant
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution

GNFR

K_AgriLivestock

NFR/CRF

3B2

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday

Input data
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Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution

GNFR

K_AgriLivestock

NFR/CRF

3B3
3BAgiii
3B4giv
3B4h

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See

Assumption: Even distribution

Assumption: Even distribution
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spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf
GNFR K_AgriLivestock
NFR/CRF 3B4e
Pollutant
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution
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GNFR K_AgriLivestock
NFR/CRF 3B4f
3BA4gi
Pollutant
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution

GNFR

K_AgriLivestock

NFR/CRF

3BA4gii

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly
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Weekday
Input data

Data provider

Data source

Description Varies according to agreed distribution Assumption: Even distribution Assumption: Even distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf
GNFR K_AgriLivestock
NFR/CRF 3B5
Pollutant
Temporal reso- Monthly Daily Hourly
lution
Weekday
Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm

Assumption: Even distribution

Assumption: Even distribution
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Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf
GNFR L_AgriOther
NFR/CRF 3Dal
3Da2b
3Da2c
Pollutant
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution with less
activity (50%) on Sundays

Assumption: Even distribution
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GNFR L_AgriOther
NFR/CRF 3Da2a
Pollutant
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution with less
activity (50%) on Sundays

Assumption: Even distribution

GNFR

L_AgriOther

NFR/CRF

3Da3

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday
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Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution

GNFR

L_AgriOther

NFR/CRF

3Da4

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm

Assumption: Even distribution

Assumption: Even distribution
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Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf
GNFR L_AgriOther
NFR/CRF 3Db
3Dc
Pollutant
Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution
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GNFR L_AgriOther
NFR/CRF 3Dd All
3Dd TSP
3De All
3De PM10
Pollutant
Temporal reso- | Monthly Daily Hourly

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Evenly on daytime hours (7-20) with less
activity (50%) on the hours 7-8 and 19-
20

GNFR

L_AgriOther

NFR/CRF

3Dd PM10

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly
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Weekday
Input data

Data provider

Data source

Description Varies according to agreed distribution Assumption: Even distribution with less Assumption: Even distribution for day-
with Mr. Bernard Hyde, Irish EPA. See activity (50%) on Sundays time hours (7-20) with less activity (50%)
spreadsheet: Agriculture_temporal_reso- on the hours 7-8 and 19-20
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf
GNFR L_AgriOther
NFR/CRF 3Dd PM2_5
Pollutant
Temporal reso- Monthly Daily Hourly
lution
Weekday
Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm

Assumption: Even distribution with less
activity (50%) on Sundays

Assumption: Even distribution for day-
time hours (7-20) with less activity (50%)
on the hours 7-8 and 19-20
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age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf
GNFR L_AgriOther
NFR/CRF 3De PM2_5
Pollutant
Temporal reso- Monthly Daily Hourly

lution

Weekday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution for day-
time hours (7-20) with less activity (50%)
on the hours 7-8 and 19-20
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GNFR L_AgriOther
NFR/CRF 3Df
Pollutant
Temporal reso- | Monthly Daily Hourly

lution

Weekday

Separate profiles for Monday-Saturday
and Sunday

Input data

Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution with less
activity (50%) on Sundays

Assumption: Even distribution for day-
time hours (7-20) with less activity (50%)
on the hours 7-8 and 19-20

GNFR

L_AgriOther

NFR/CRF

3F

Pollutant

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday

Input data
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Data provider

Data source

Description

Varies according to agreed distribution
with Mr. Bernard Hyde, Irish EPA. See
spreadsheet: Agriculture_temporal_reso-
lution. Partly based on: National Farm
Survey of Manure Application and Stor-
age Practices on Irish Farms.
https://www.teagasc.ie/media/web-
site/publica-
tions/2011/TeagascNationalFarmSur-
veyOfManureApplication.pdf

Assumption: Even distribution

Assumption: Even distribution

5.3.12 LULUCF

GNFR

q_LULUCF

NFR/CRF

4A
4B
4C
4D
4E
4F
4G

Pollutant

All

Temporal reso-
lution

Monthly

Daily

Hourly

Weekday

Input data

Data provider
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Data source

Description

Assumption: Even distribution

Assumption: Even distribution

Assumption: Even distribution
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ANNEX 1 - LIST OF GEOKEYS

Annex 1 - List of GeoKeys

GeoKey

1Ala_NOx

GeoKey
(continued)

1Ala_rest

2A2

GeoKey
(continued)

1Ala_SO2

2A4b

5A

1A1b

2A4d

5B1

1Alc

2A5a

5C1bi

1A2b

2B1

5C1biii

1A2c

2B2

5C1bv

1A2e

2C1

5D_N20

1A2f

2C2_Cd

Arealand

1A2gvi

2C2_Pb

ArealandSea

1A2gviii

2C2_PM

AreaSea

1A3ai(i)

2C3

Buildings_All

1A3aii(i)

2C7c_Cd

Buildings_C_nonUrban

1A3aii(ii)

2C7c_Pb

Buildings_R

1A3c

2C7c_rest

Buildings_R_nonSewered

1A3d

2C7c¢_Zn

Buildings_R_nonUrban

1A3e

2D3f

CORINEcropland

1A4b_CO

2E1

CORINEforestland

1A4b_CO2

3B1la

CORINEgrassland

1A4b_NMVOC

3B1b

CORINEotherland

1A4b_NOx

3B2

CORINEsettlement

1A4b_PM25

3B3

CORINEwetland

1A4b_SO2

3B4d

HeatDemand_CommercialPublic

1A4cii

3B4e

HeatDemand_Industrial

1A4ciii

3B4f

LPIScroplmpGrass

1Bla_Handling

3B4gi

LPIScropland

1Bla_Mining

3B4gii

LPISfarmyard

1B2av

3B4giv

LPISgrassland

1B2bii

3B4h

Population

1B2c

3D1a6

Road_HV

2A1

3D1b2

Road_PC

3Da2a

Road_PCHV
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Annex 2 - Correspondence between GNFR,
NFR and GeoKey

‘ GNFR ‘ NFR NFR name GeoKey
A 1Ala Public electricity and heat production 1ATa_NOx
A 1ATa Public electricity and heat production TATa_rest
A 1ATa Public electricity and heat production 1A1a_S0O2
B 1A1b Petroleum refining 1ATb
B 1A1e [;Iizgufocture of solid fuels and other energy indus- 1A1e
B 1A2a 2?;?2(;%32{:) t:#ii??(;;(ﬁ?:::qduring industries HeatDemand_Industrial
B A ercton Nondorous marels o 1AZD
B 1A2¢ 2‘;(13(;@2?1%323;2?2?:;;?;2@nufclcturlng industries 1A2¢
s g Selononcombuton pmanufaea o MAKIS: 1 igqemand idusic
Stationary combustion in manufacturing industries
B 1A2e and construction: Food processing, beverages 1A2e
and tobacco
o Selonanconbuon n penocting ndues
o g Selonan conbusten b anuectuing RS adgui
B 2A1 Cement production 2A1
B 2A2 Lime production 2A2
B 2A4a Ceramics HeatDemand_Industrial
B 2A4b Other uses of soda ash 2A4b
B 2A4d Other uses of carbonates 2A4d
B 2Aba Quarrying and mining of minerals other than coal = 2A5a
B 2A5b Construction and demolition Buildings_All
B 2A6 Other mineral products (please specify in the IIR) HeatDemand_Industrial
B 2B1 Ammonia production 2B1
s amip  Sirmoe banding ondamuponof chemicalpod | pgrgm g
B 2B2 Nitric acid production 2B2
B 2C1 Iron and steel production 2C1
B 2C2 Ferroalloys production 2C2_Cd
B 2C2 Ferroalloys production 2C2_Pb
B 2C2 Ferroalloys production 2C2_PM
B 2C3 Aluminium production 2C3
B 2C7¢c Other metal production (please specify inthe IIR)  2C7c_Cd
B 2C7¢ Other metal production (please specify inthe IIR)  2C7c_Pb
B 2C7c¢c Other metal production (please specify in the IIR) 2C7c_rest
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| GNFR | NFR NFR name Geokey
B 2C7¢ Other metal production (please specify inthe IIR) = 2C7c_Zn
B 2D1 Lubricant use Road_PCHV
B 2D2 Paraffin wax use Population
B 2D3b Road paving with asphalt Road_PCHV
B 2D3c Asphalt roofing Buildings_All
B 2E Electronics industry 2E1
B 2F1a Commercial refrigeration Population
B 2F1e Mobile air-conditioning Road_PCHV
B 2F1f Stationary air-conditioning Buildings_All
B 2F3 Fire protection HeatDemand_Industrial
B 2F4 Aerosols Population
B 2F6 Other applications Population
B 2H2 Food and beverages industry 1A2e
B 21 Wood processing Buildings_C_nonUrban
Other production, consumption, storage, transpor-
B 2L tation or handling of bulk products (please specify = ArealLand
in the lIR)
C 1A4ai Commercial/institutional: Stationary ii?i?j&%?ii’com_
C 1A4bi Residential: Stationary 1A4b_CO
C 1A4bi Residential: Stationary 1A4b_CO2
C 1A4bi Residential: Stationary TA4b_NMVOC
C 1A4bi Residential: Stationary 1A4b_NOx
C 1A4bi Residential: Stationary 1A4b_PM25
C 1A4bi Residential: Stationary 1A4b_SO2
C 1A4ci Agriculture/Forestry/Fishing: Stationary LPISfarmyard
D 1B1a Eggl(’;ll\i/ﬁgemlsmon from solid fuels: Coal mining and 1B1a_Handling
1B1a Etégl(’;ll\i/:gemlssmn from solid fuels: Coal mining and 1B1a_Mining
D 1B2aiv Fugitive emissions oil: Refining / storage 1ATb
D 1B2av Distribution of oil products 1B2av
Fugitive emissions from natural gas (exploration,
D 1B2b production, processing, transmission, storage, dis- 1B2bii
tribution and other)
D 1B2¢ \(;(e]?)tmg and flaring (oil, gas, combined oil and 1B2¢
E 2D3a Domestic solvent use including fungicides Population
E 2D3d Coating applications Population
E 2D3e Degreasing 2C7c_rest
E 2D3f Dry cleaning 2D3f
E 2D3g Chemical products HeatDemand_Industrial
E 2D3h Printing HeatDemand_Industrial
E 2D3i Other solvent use (please specify in the IIR) Population
E 2G Other product use (please specify in the IIR) HeatDemand_Industrial
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| GNFR | NFR NFR name Geokey
E 2G Other product use (please specify in the IIR) Population
F 1A3bi Road transport: Passenger cars Road_PC
F 1A3bii Road transport: Light duty vehicles Road_PC
F 1A3biii Road transport: Heavy duty vehicles and buses Road_HV
F 1A3biv Road transport: Mopeds & motorcycles Road_PC
F 1A3bv Road transport: Gasoline evaporation Road_PC
F 1A3bvi Road transport: Automobile tyre and brake wear Road_PCHV
F 1A3bvii Road transport: Automobile road abrasion Road_PCHV
G 1A3di(ii) International inland waterways AreaSea
G 1A3dii National navigation (shipping) 1A3d
H 1A3ai(i) International aviation LTO (civil) 1A3ai(i)
H 1A3aii(i) Domestic aviation LTO (civil) 1A3aiii)
| waga  JebleComusionn nanfocuno e 1aggy
| 1A3c Railways 1A3c
I 1A3ei Pipeline transport 1A3e
| 1A4dii Commercial/institutional: Mobile r'l‘i‘:fjg‘gl‘i‘i-com'
| 1A4bii Residential: Household and gardening (mobile) Buildings_R
| 1 Adcii ér?crjlcolilrt\;rren/ql;ocrﬁsr;(gf|sh|nq. Off-road vehicles 1Adcii
| 1A4ciii Agriculture/Forestry/Fishing: National fishing 1A4ciii
J 5A Elooslglgéic}l(;rr%otment of waste - Solid waste dis- 5A
J 5B1 Biological treatment of waste - Composting 5B1
J 5C1bi Industrial waste incineration 5C1bi
J 5C1biii Clinical waste incineration 5C1biii
J 5C1bv Cremation 5C1bv
J 5C2 Open burning of waste Buildings_R_nonUrban
J 5D1 Domestic wastewater handling 5D_N20
J 5D1 Domestic wastewater handling z:Jeiléiings_R_nonSew-
J 5D2 Industrial wastewater handling 5D_N20
J 5D2 Industrial wastewater handling Etjeilc(j:lings_R_nonSew—
J 5D3 Other wastewater handling 5D_N20O
J 5D3 Other wastewater handling z:Jeiléiings_R_nonSew-
J 5E Other waste (please specify in IIR) Population
K 3Ala Dairy cattle 3Bla
K 3ATb Non-dairy cattle 3B1b
K 3A2 Sheep 3B2
K 3A3 Swine 3B3
K 3A4d Goats 3B4d
K 3A4e Horses 3B4e
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| GNFR | NFR NFR name Geokey

K 3A4f Mules and asses 3B4f

K 3A4g Poultry 3BA4gqii

K 3A4h Other animals 3B4h

K 3Bla Manure management - Dairy cattle 3Bl1a

K 3B1b Manure management - Non-dairy cattle 3B1b

K 3B2 Manure management - Sheep 3B2

K 3B3 Manure management - Swine 3B3

K 3B4d Manure management - Goats 3B4d

K 3B4e Manure management - Horses 3B4e

K 3BA4f Manure management - Mules and asses 3B4f

K 3B4gi Manure management - Laying hens 3B4aqi

K 3BA4gii Manure management - Broilers 3BA4gii

K 3BA4gqiii Manure management - Turkeys 3B4giv

K 3B4giv Manure management - Other poultry 3B4giv

K 3B4h sI:'FI;:xenCLiJfrfinm|(|:|Rn)<:Jgement - Other animals (please 3B4h

L 3Da1 Itir:)or:;;onlc N-fertilizers (includes also urea applica- 3Da]

L 3Da2a Animal manure applied to soils 3Da2a

L 3Da2b Sewage sludge applied to soils LPIScropland

L 3Da2c %L‘leur d?;%“g;ﬁggis'ti]sers applied to soils LPIScropland

L 3Da3 Urine and dung deposited by grazing animals LPISgrassland

L 3Da4 Crop residues applied to soils LPIScropland

L 3Dab Mineralization LPIScropland

L 3Daéb Cultivation of organic soils 3D1ab

L 3Db Indirect emissions from managed soils LPIScropland

L 3Db1 Atmospheric deposition ArealLand

L 3Db2 Nitrogen leaching and run-off 3D1b2

Farm-level agricultural operations including stor-
L 3Dc age, handling and transport of agricultural prod- LPIScroplmpGrass
ucts

L 3Dd S;gﬁﬁi:?ﬁgghzgnd”ng and transport of bulk HeatDemand_Industrial

L 3De Cultivated crops LPIScropland

L 3Df Use of pesticides LPIScropland

L 3F Field burning of agricultural residues LPIScropland

L 3G Liming LPIScroplmpGrass

L 3H Urea application 3Dal

@) 1A3ai(ii) | International aviation cruise (civil) ArealLandSea

(@) 1A3qii(ii) = Domestic aviation cruise (civil) 1A3aii(ii)

P 1A3di(i) International maritime navigation AreaSea

q 4A LULUCF Forest land CORINEforestland

q 4B LULUCF Cropland CORINEcropland
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| GNFR | NFR NFR name Geokey
q 4C LULUCF Grassland CORINEgrassland
q 4D LULUCF Wetlands CORINEwetland
q 4E LULUCEF Settlements CORINEsettlement
q 4F LULUCEF Other land CORINEotherland
q 4G LULUCF Harvested wood product Population
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Annex 3 - Correspondence list of IPCC cate-

gories and LPIS codes

Correspondence list of IPCC categories and assigned codes in the LPIS data set for

County Mayo.

IPCC_Cat

AssignCode

Cropland Annual

Cropland Annual

Cropland Annual, Forestry

Complex Landscape

Cropland Annual, Forestry, Grassland Improved

Complex Landscape

Cropland Annual, Forestry, Grassland Temporary

Complex Landscape

Cropland Annual, Grassland Improved

Multiple Agriculture

Cropland Annual, Grassland Improved, Grassland Temporary

Multiple Agriculture

Cropland Annual, Grassland Improved, Grassland Unimproved

Multiple Agriculture

Cropland Annual, Grassland Improved, Settlement

Complex Landscape

Cropland Annual, Grassland Natural

Multiple Agriculture

Cropland Annual, Grassland Temporary

Multiple Agriculture

Cropland Annual, Grassland Temporary, Grassland Improved

Multiple Agriculture

Cropland Annual, Grassland Unimproved

Multiple Agriculture

Cropland Annual, Grassland Unimproved, Grassland Improved

Multiple Agriculture

Cropland Annual, Other

Complex Landscape

Cropland Annual, Settlement

Complex Landscape

Cropland Annual, Wetland

Complex Landscape

Cropland Perennial

Cropland Perennial

Cropland Perennial, Cropland Annual

Multiple Agriculture

Cropland Perennial, Grassland Improved

Multiple Agriculture

Cropland Perennial, Grassland Temporary

Multiple Agriculture

Cropland Perennial, Settlement

Complex Landscape

Forestry

Forestry

Forestry, Cropland Annual

Complex Landscape

Forestry, Grassland Improved

Complex Landscape

Forestry, Grassland Natural

Complex Landscape

Forestry, Grassland Unimproved

Complex Landscape

Forestry, Settlement

Complex Landscape

Forestry, Wetland

Complex Landscape

Grassland Improved

Grassland Improved

Grassland Improved, Cropland Annual

Multiple Agriculture

Grassland Improved, Cropland Annual, Forestry

Complex Landscape

Grassland Improved, Cropland Annual, Grassland Temporary

Multiple Agriculture

Grassland Improved, Cropland Annual, Grassland Unimproved

Multiple Agriculture

Grassland Improved, Cropland Perennial

Multiple Agriculture

Grassland Improved, Forestry

Complex Landscape

Grassland Improved, Grassland Natural

Grassland Improved

Grassland Improved, Grassland Natural, Grassland Unimproved

Grassland Improved

Grassland Improved, Grassland Natural, Other

Grassland Improved

Grassland Improved, Grassland Temporary

Grassland Improved

Grassland Improved, Grassland Temporary, Cropland Annual

Multiple Agriculture

Grassland Improved, Grassland Unimproved

Grassland Improved

Grassland Improved, Grassland Unimproved, Wetland

Grassland Improved

Grassland Improved, Other

Complex Landscape
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Grassland Improved, Other, Grassland Unimproved

Grassland Improved

Grassland Improved, Settlement

Complex Landscape

Grassland Improved, Settlement, Cropland Annual

Complex Landscape

Grassland Improved, Settlement, Grassland Natural

Complex Landscape

Grassland Improved, Wetland

Complex Landscape

Grassland Improved, Wetland, Grassland Natural

Grassland Improved

Grassland Improved, Wetland, Grassland Temporary

Complex Landscape

Grassland Natural

Grassland Natural

Grassland Natural, Cropland Annual

Multiple Agriculture

Grassland Natural, Cropland Annual, Grassland Improved

Multiple Agriculture

Grassland Natural, Forestry

Complex Landscape

Grassland Natural, Forestry, Wetland, Grassland Improved

Complex Landscape

Grassland Natural, Grassland Improved

Grassland Improved

Grassland Natural, Grassland Improved, Grassland Unimproved

Grassland Improved

Grassland Natural, Grassland Temporary

Grassland Natural

Grassland Natural, Grassland Unimproved

Grassland Unimproved

Grassland Natural, Other

Other

Grassland Natural, Settlement, Other, Grassland Improved

Complex Landscape

Grassland Natural, Wetland

Complex Landscape

Grassland Temporary

Grassland Temporary

Grassland Temporary, Cropland Annual

Multiple Agriculture

Grassland Temporary, Cropland Annual, Grassland Improved

Multiple Agriculture

Grassland Temporary, Cropland Annual, Grassland Natural

Multiple Agriculture

Grassland Temporary, Cropland Perennial

Multiple Agriculture

Grassland Temporary, Forestry

Complex Landscape

Grassland Temporary, Grassland Improved

Grassland Improved

Grassland Temporary, Grassland Improved, Cropland Annual

Multiple Agriculture

Grassland Temporary, Grassland Natural

Grassland Natural

Grassland Temporary, Grassland Unimproved

Grassland Unimproved

Grassland Temporary, Settlement

Complex Landscape

Grassland Temporary, Settlement, Cropland Annual

Complex Landscape

Grassland Unimproved

Grassland Unimproved

Grassland Unimproved, Cropland Annual

Multiple Agriculture

Grassland Unimproved, Cropland Annual, Grassland Improved

Multiple Agriculture

Grassland Unimproved, Forestry

Complex Landscape

Grassland Unimproved, Grassland Improved

Grassland Improved

Grassland Unimproved, Grassland Improved, Cropland Annual

Multiple Agriculture

Grassland Unimproved, Grassland Improved, Grassland Temporary

Grassland Improved

Grassland Unimproved, Grassland Improved, Wetland

Grassland Improved

Grassland Unimproved, Grassland Natural

Grassland Unimproved

Grassland Unimproved, Grassland Temporary

Grassland Unimproved

Grassland Unimproved, Other

Other

Grassland Unimproved, Settlement

Complex Landscape

Grassland Unimproved, Wetland

Complex Landscape

Other

Other

Other, Grassland Improved

Grassland Improved

Other, Grassland Natural

Grassland Unimproved

Other, Grassland Unimproved, Grassland Natural, Grassland Improve

Complex Landscape

Other, Settlement, Grassland Improved

Complex Landscape

Other, Wetland, Grassland Improved, Grassland Natural

Complex Landscape

Settlement

Settlement

Settlement, Cropland Annual

Complex Landscape

Settlement, Grassland Improved

Complex Landscape

Settlement, Grassland Improved, Other

Complex Landscape

Settlement, Grassland Natural

Complex Landscape
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Settlement, Grassland Temporary

Complex Landscape

Settlement, Wetland

Complex Landscape

Settlement, Wetland, Grassland Improved

Complex Landscape

Wetland

Wetland

Wetland, Forestry

Complex Landscape

Wetland, Grassland Improved

Complex Landscape

Wetland, Grassland Improved, Grassland Natural

Complex Landscape

Wetland, Grassland Improved, Grassland Unimproved

Complex Landscape

Wetland, Grassland Natural

Complex Landscape

Wetland, Grassland Natural, Grassland Improved

Complex Landscape

Wetland, Grassland Temporary

Complex Landscape

Wetland, Grassland Temporary, Grassland Natural

Complex Landscape

Wetland, Grassland Unimproved

Complex Landscape
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Monthly Daily Hourly
(GNFR_NFR/CRF_Pollutant) | | (GNFR_NFR/CRF_Pollutant) | | (GNFR_NFR/CRF_Day)
A_TAla_All A_TAla_All A_1Ala_1-6
B_TATb_All B_TATb_All A_1Ala_7
B_TATc_All B_TATc_All B_1ATb_1-7
B_1A2a_All B_T1A2a_All B_1ATlc_1-7
B_1A2b_All B_1A2b_All B_1A2a_1-7
B_TA2c_All B_TA2c_All B_1A2b_1-7
B_1A2d_All B_1A2d_All B_1A2c_1-7
B_1A2e_All B_1A2e_All B_1A2d_1-7
B_TA2f_All B_TA2f_All B_1A2e_1-7
B_1A2qviii_All B_1A2qviii_All B_1A2f_1-7
B_2AT_All B_2AT_All B_1A2qviii_1-7
B_2A2_All B_2A2_All B_2A1_1-7
B_2A4a_All B_2A4a_All B_2A2_1-7
B_2A4b_All B_2A4b_All B_2A4a_1-7
B_2A4d_All B_2A4d_All B_2A4b_1-7
B_2A5a_All B_2A5a_All B_2A4d_1-7
B_2A5b_All B_2A5b_All B_2A5a_1-7
B_2A5c_All B_2A5c_All B_2A5b_1-7
B_2A6_All B_2A6_All B_2A5c_1-7
B_2B10b_All B_2B10b_All B_2A6_1-7
B_2C2_All B_2C2_All B_2B10b_1-7
B_2D3b_All B_2D3b_All B_2C2_1-7
B_2D3c_All B_2D3c_All B_2D3b_1-7
B_2H2_All B_2H2_All B_2D3c_1-7
B_2I_All B_2I_All B_2H2_1-7
C_T1A4qi_All C_T1A4qi_All B_2I_1-7
C_T1A4bi_All C_T1A4bi_All C_1A4qi_1-5
C_TA4ci_All C_T1A4ci_All C_1A4qi_6-7
D_1Bl1a_All D_1Bl1a_All C_1A4bi_1-5
D_1B2aiv_All D_1B2aiv_All C_1A4bi_6-7
D_1B2av_All D_1B2av_All C_1A4ci_1-7
D_1B2b_All D_1B2b_All D_1Bl1a_1-7
D_1B2c_All D_1B2c_All D_1B2aiv_1-7
E_2D3a_All E_2D3a_All D_1B2av_1-7
E_2D3d_All E_2D3d_All D_1B2b_1-6
E_2D3e_All E_2D3e_All D_1B2b_7
E_2D3f_All E_2D3f_All D_1B2c_1-7
E_2D3g_All E_2D3g_All E_2D3a_1-5
E_2D3h_All E_2D3h_All E_2D3a_6-7
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E_2D3i_All E_2D3i_All E_2D3d_1-7
E_2G1_All E_2G1_All E_2D3e_1-7
E_2G2_All E_2G2_All E_2D3f_1-7
F_TA3Dbi_All F_TA3Dbi_All E_2D3g_1-7
F_TA3bii_All F_TA3bii_All E_2D3h_1-7
F_TA3biii_All F_TA3biii_All E_2D3i_1-7
F_1A3biv_All F_1A3biv_All E_2G1_1-7
F_TA3bv_All F_TA3bv_All E_2G2_1-7
F_TA3bvi_All F_TA3bvi_All F_TA3bi_T
F_1A3bvii_All F_1A3bvii_All F_1A3bi_2-4
G_1A3dii_All G_TA3dii_All F_T1A3bi_5
H_1A3ai(i)_All H_TA3ai(i)_All F_1A3bi_6
H_1A3aii(i)_All H_1A3aii(i)_All F_1A3bi_7
I_1A2qvii_All I_TA2qvii_All F_1A3bii_1
I_1A3c_All |_TA3c_All F_1A3bii_2-4
I_1A3ei_All I_1A3ei_All F_1A3bii_5
I_1A4aii_All I_TA4aii_All F_1A3bii_6
I_1A4bii_All |_1A4bii_All F_1A3bii_7
I_1A4cii_All I_TA4cii_All F_1A3biii_1
I_1A4ciii_All I_1A4cii_All F_1A3biii_2-4
J_5A_All J_5A_All F_1A3biii_5
J_5B1_All J_5BT1_All F_1A3biii_6
J_5C1bi_All J_5C1bi_All F_1A3biii_7
J_5C1bv_All J_5C1bv_All F_1A3biv_1
J_5C2_All J_5C2_All F_TA3biv_2-4
J_5D1_All J_5D1_All F_1A3biv_5
J_5D1_N20 J_5D1_N20 F_1A3biv_é
J_5E_All J_5E_All F_TA3biv_7
K_3BT1a_All K_3BT1a_All F_1A3bv_1-7
K_3B1b_All K_3B1b_All F_TA3bvi_1
K_3B2_All K_3B2_All F_TA3bvi_2-4
K_3B3_All K_3B3_All F_TA3bvi_5
K_3B4d_All K_3B4d_All F_TA3bvi_é
K_3B4e_All K_3B4e_All F_T1A3bvi_7
K_3B4f_All K_3B4f_All F_TA3bvii_1
K_3B4gi_All K_3B4gi_All F_TA3bvii_2-4
K_3B4gii_All K_3B4gii_All F_T1A3bvii_5
K_3B4giii_All K_3B4giii_All F_TA3bvii_é
K_3B4giv_All K_3B4giv_All F_TA3bvii_7
K_3B4h_All K_3B4h_All G_1A3dii_1-7
K_3B5_All K_3B5_All H_1A3ai(i)_1-7
L_3Dal_All L_3Dal_All H_1A3aqii(i)_1-7
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L_3Da2a_All L_3Da2a_All I_TA2gvii_1-7
L_3Da2b_All L_3Da2b_All I_1A3c_1-5
L_3Da2c_All L_3Da2c_All I_1A3c_6
L_3Da3_All L_3Da3_All I_TA3c_7
L_3Da4_All L_3Da4_All I_1A3ei_1-7
L_3Db_All L_3Db_All I_TA4qii_1-5
L_3Dc_All L_3Dc_All I_TA4qii_6-7
L_3Dd_All L_3Dd_All I_TA4bii_1-5
L_3Dd_PM2_5 L_3Dd_PM2_5 I_TA4bii_6-7
L_3Dd_PM10 L_3Dd_PM10 I_TA4cii_1-6
L_3Dd_TSP L_3Dd_TSP I_TA4cii_7
L_3De_PM2_5 L_3De_PM2_5 I_TA4ciii_1-7
L_3De_PMI10 L_3De_PMI10 J_5A_1-7
L_3De_All L_3De_All J_6B1_1-7
L_3Df_All L_3Df_All J_5C1bi_1-7
L_3F_All L_3F_All J_5C1bv_1-7
O_1AZai(ii)_All O_1A3ai(ii)_All J_6C2_1-7
O_1ASaii(ii)_All O_1ASaii(ii)_All J_5D1_1-7
P_1A3di(i)_All P_1A3di(i)_All J_BE_1-7
q_4A_All g_4A_All K_3Bla_1-7
q_4B_All q_4B_All K_3B1b_1-7
g_4C_All g_4C_All K_3B2_1-7
q_4D_All g_4D_All K_3B3_1-7
q_4E_All q_4E_All K_3B4d_1-7
q_4F_All q_4F_All K_3B4e_1-7
q_4G_All q_4G_All K_3B4f_1-7

K_3B4qi_1-7
K_3B4gii_1-7
K_3B4qiii_1-7
K_3B4giv_1-7
K_3B4h_1-7
K_3B5_1-7
L_3Dal_1-7
L_3Da2a_1-7
L_3Da2b_1-7
L_3Da2c_1-7
L_3Da3_1-7
L_3Da4_1-7
L_3Db_1-7
L_3Dc_1-7
L_3Dd_1-7
L_3De_1-7
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L_3Df_1-6
L_3Df_7
L_3F_1-7
O_1A3ai(ii)_1-7
O_1A3aii(ii)_1-7
P_1A3di()_1-7
q_4A_1-7
q_4B_1-7
q_4C_1-7
q_4D_1-7
q4E_1-7
q_4F_1-7
q_4G_1-7
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