
Introduction
The UK National Atmospheric Emission Inventory (NAEI)
is compiled by AEA Energy & Environment (formerly
Netcen) on behalf of the Department for Environment,
Food and Rural Affairs and the Devolved Administrations.
The NAEI is the standard reference air emissions inventory
for the UK and includes annual emission estimates for a
wide range of important pollutants. These include:
greenhouse gases, regional pollutants leading to acid
deposition and photochemical pollution, persistent organic
pollutants and other toxic pollutants such as heavy metals.
A spatial inventory is also produced each year. This paper
describes the methodology used to compile the 1km
resolution emissions maps for the UK.

Emission maps for the whole of the UK are routinely
produced as part of the NAEI for 25 pollutants including
Carbon dioxide, Particulate matter (PM10) and Nitrogen
oxides (NOx). The maps are modelled estimates of
emissions compiled at a 1km resolution. One set of maps is
produced each year for the most recent NAEI year. The
mapped emissions data are made freely available on the
NAEI web site at www.naei.org.uk/data_warehouse.php
and http://www.naei.org.uk/mapping/mapping_
2004.php.

The emission maps are used by AEA Energy &
Environment and other organisations for a variety of
Government policy support work at the national scale. In
particular the maps are used as input into a programme of
air pollution modelling studies. Local area statistics are
also compiled from the maps and related data. For example
Local Authority level data on carbon dioxide emissions
have been produced for Defra (see www.defra.gov.uk/
environment/statistics/globatmos/galocalghg.htm)
using data from the NAEI mapping work. 

The NAEI comprises emission estimates for a wide
variety of sources classified into sectors. The level of
detail chosen for defining the source sectors depends on
available reported emissions or activity and emission

factor data. These detailed sectors are then aggregated for
reporting and mapping purposes. A summary of NOx
emissions aggregated to 10 sectors is shown in Figure 1. 

Methods for calculating emissions distributions

The geographical distribution of emissions across the UK,
as shown in Figure 2, is built up from distributions of
emissions in each NAEI sector. These individual NAEI
sector distributions are developed using a set of statistics
appropriate to that sector. For large industrial ‘point’
sources, emissions are compiled from a variety of official
UK sources (Environment Agency, Scottish Environmental
Protection Agency, Local Authority data). For sources that
are distributed widely across the UK (known as ‘area’
sources), a distribution map is generated using appropriate
surrogate statistics for that sector. The method used for each
source sector varies according to the data available. The
mapping methods are explained in the next sections.
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Figure 1 UK NOx emissions in 2004 by aggregated source
sector
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Figure 2 UK Area Source NOx emissions for 2004 in tonnes per 1km2



Point sources
A point source is an emission source at a known location
such as an industrial plant or a power station. Emissions
from point sources represent sectors of the UK inventory
either fully (such as power stations where the sector is
made up of large sites for which emissions reporting is
mandatory) or in part (such as combustion in industry,
for which only the large sites within the sector are
required to report emissions). In the latter case, the
remainder of the emissions for the sector are mapped as
an area source. Figure 3 shows the locations of point
sources of NOx.

Emissions for the point sources are compiled using a
number of different data sources and techniques. Large
point sources are regulated under the Integrated Pollution
Control (IPC) or Integrated Pollution Prevention and
Control (IPPC) regulatory regimes, for which emissions
data are available to the NAEI from the Environment
Agency’s Pollution Inventory (PI), from the Scottish
Environment Protection Agency’s Scottish Pollutant
Release Inventory (SPRI), from the Inventory of Sources
and Releases (ISR) produced by the Department of the
Environment (Northern Ireland) or direct from process
operators or trade associations. Smaller point sources are
regulated under Local Authority Pollution Control/Air
Pollution Control (LAPC/APC) in England and Wales, and
in Scotland respectively. Other point source emissions are
modelled by distributing national emission estimates over
the known sources on the basis of capacity or some other
‘surrogate’ statistic.

Industrial and commercial sectors
The industrial sectors in the NAEI are mapped using a
combination of site specific (point source) estimates of
emissions and area source employment based
distributions. For some sectors the NAEI UK total
emissions estimate is entirely accounted for by point
source emissions. In this instance all of the emissions are
mapped across these points of known location.

In other sectors there are some usually smaller
installations that are not included within the point source
dataset. The remaining emission from these installations is
then treated as an ‘area source’ and distributed across the
UK using a combination of detailed employment and fuel
use data. The method used is described in this section. The
sector called “Other industrial combustion” is an example
for which the area source distribution is particularly
important. In yet other sectors the entire emission is
distributed as an area source, for example the
“Miscellaneous industrial/commercial combustion” and
the “Public sector combustion” sectors, because no site
specific data are available for the sector.

The following data sets are used to develop
emissions distribution maps for Other industrial
combustion, Miscellaneous industrial/commercial
combustion, Public sector combustion and Agriculture
stationary combustion:

• Office of National Statistics Inter-Departmental
Business Register (IDBR) 2005 which provides data
on employment at business unit level by Standard
Industrial Classification (SIC) code; and 

• DTI Energy Consumption in the UK data on
industrial and commercial sector fuel usage for 2002.

The employment data were matched with the DTI energy
datasets in order to calculate total employment by DTI
energy sector. From this a UK average fuel intensity per
employee was calculated. These intensities could then be
applied to employment distributions across the UK to
make maps of fuel use.

Assumptions were made about the spatial
distribution of the different fuel types for all of the
industrial and commercial sectors. Gas use was
constrained to within gas consumption zones derived from
a combination of Transco postcode sector level data and
urban land cover data. Other fuels were assumed to be
used only outside these zones. There is significant
uncertainty in the assumptions regarding the spatial
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Figure 3 NOx emissions at point sources in 2004



distribution of the solid and liquid fuels therefore reduced
levels of accuracy for these distributions.

For some sectors a simple map of employment has
been used instead of fuel use. These are mostly for sectors
where process emissions are important but this method is
also for estimating the distribution of industrial off-road
emissions. These have been mapped using a distribution of
employment in heavy industries. Emissions from clinical
waste incineration are mapped according to the
distribution of employment in hospitals. 

Road transport
Hot exhaust emissions are calculated within the NAEI
using fuel consumption and emission factors for each
vehicle type. These in turn are calculated on the basis of
the composition of the vehicle fleet (age profile and fuel
mix) from the DVLA’s national licensing data and assumes
that the fleet mix in these terms is the same everywhere on
the UK road network. 

Emission factors and fuel consumption factors

Fuel consumption factors and emission factors combined
with traffic data for 6 major classes of vehicles are used to
estimate national fuel consumption and emissions from
passenger cars, light goods vehicles (LGVs), rigid HGVs,
articulated HGVs, buses / coaches and mopeds /
motorcycles. The vehicle classifications are further sub-
divided according to fuel type (petrol or diesel) and the
regulatory emission standard the vehicle or engine had to
comply with when manufactured or first registered. 

Emissions for the key air quality pollutants (NOx,
PM10, PM2.5, SO2, NMVOC, Benzene, 1,3-butadiene, and
CO) are calculated separately for each pollutant using
speed related emission factors multiplied by vehicle flows
on the road network. For other pollutants such as CO2 and
heavy metals, fuel consumption is used as a proxy for the
distribution of emissions. The fuel consumption maps are
calculated from speed related fuel consumption factors
multiplied by vehicle flows.

Mapping methodology

The base mapping for the hot exhaust road traffic
emissions is derived from the Ordnance Survey Meridian
dataset. This provides locations of all roads (motorways, A
roads, B roads and Unclassified roads) in Great Britain. In
addition a dataset of roads in Northern Ireland was
obtained from the Department of Environment Northern
Ireland (DoE NI). This provides all major roads and most
minor roads.

Traffic flow data for A roads and motorways is
available on a census count point basis for GB from the
Department for Transport (DfT) and for Northern Ireland
from NI Roads Service. The traffic flow data includes
counts of each type of vehicle as an annual average daily
flow. Each traffic count point has been allocated to a
section of the major road network according to the road
name and its proximity to the road. Each road link has

been assigned an area type using the DfT definitions of
urban area types which categorise urban areas into for
example conurbations, large, medium and small. Vehicle
speeds have then been assigned to different road types
(built up and non-built up A roads and motorways) within
each area type. Traffic flow data is not available for minor
roads on a link by link basis. Instead regional average
flows and speeds by vehicle type have been applied to
each type of minor roads – B roads and C or unclassified
roads. Calculations of emissions and fuel use have been
done at the 1km resolution level by splitting each road link
using an intersection with a 1km grid. 

Domestic fuel use
The methodology used for mapping emissions from
domestic combustion uses detailed data on fuel use by
postcode areas. A combination of different datasets at
different geographic scales have been used to derived the
UK distributions of domestic fuel use. For England,
Scotland and Wales, domestic emissions are based on
Experian consumer survey data giving the number of
households within a postcode sector using a particular fuel
for heating. These households were distributed within each
postcode sector on the basis of the 1km population density
map assuming constant fuel usage per household. These
calculations generated initial distribution maps for the
following fuels: mains gas, coal, wood, solid smokeless
fuel, coke, gas oil, burning oil and bottled gas.

The population density map was compiled from
Census 2001 data. The most detailed geographic level of
Census data for England, Wales Scotland and Northern
Ireland were converted into a 1km resolution grid. In some
rural areas where the census units were larger than 1km
squares populations were estimated for individual grid
squares on the basis of equal area weighting, i.e. assuming
an even distribution of population within each census area.

New data were available from the DTI for the 2003
inventory on domestic gas use at a Local Authority level.
The Experian and population distribution for gas use
described above has therefore been rescaled to be
consistent with these totals. The domestic coal and
Smokeless Solid Fuels grids have also been further
enhanced to limit coal burning to outside Smoke Control
Areas (SCAs) and to limit SSF burning to within SCAs.
However the maps available of SCAs were of limited
quality and rather old. This work is therefore currently
being updated for use in the 2005 NAEI mapped
inventory.

The Experian data did not cover Northern Ireland,
therefore a different methodology was used. The fuel use
grids have been generated from a wide range of data
sources including:

• Northern Ireland Housing Executive household data
(from NIHE property database);

• Gas household data (from Phoenix Gas);
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• Belfast household data (from fuel use survey
undertaken by Belfast City Council);

• Other household data not covered by the above (from
number of sources, including Housing Condition
Survey (HCS) data).

Based on a bottom up approach, household fuel use figures
have been derived from fuel use surveys and applied to
data on household numbers and fuel use type from the
NIHE database. 

Agriculture
Emissions of particulate matter from agricultural livestock
and poultry sources are distributed using agricultural
census data. Very detailed farm level data was obtained
from Defra to cover England. This was used to generate
1km resolution datasets for different livestock types and
for poultry. For Scotland, Wales and Northern Ireland
Agricultural census data were only available for larger
spatial units – Parishes in Scotland, Districts in Northern
Ireland and Small Areas in Wales. Therefore land use data
were used to generate a distribution of emissions within
these spatial units. The land cover map of grazing land was
used to distribute cow and sheep numbers. All non-urban
land was used to distribute pigs and poultry numbers. The
resulting distributions for England, Scotland Wales and
Northern Ireland were combined, weighted according to
the relevant regional statistics on the number of livestock
or poultry in these regions.

Emissions from agricultural off-road machinery and
vehicle are distributed using a combination of arable,
pasture and forestry land use data. Each of these land cover
classes was weighted according to the off-road machinery
activity on each land use. This used data on the number of
hours of use of tractors and other machinery on these land
use types, sourced by AEA Energy & Environment for
improving the UK inventory in this sector. 

Land Cover Map 2000 data from the Centre for
Ecology and Hydrology (CEH) is used to map a variety of
other agricultural emissions. These are distributed evenly
across the arable land cover map for the UK:

• Emissions of VOCs from agrochemical use;

• CO2, emissions from agricultural soils;

• Dioxin and Benzo[a]pyrene emissions from
agricultural waste burning.

Agricultural stationary combustion is mapped using IDBR
employment data for the agricultural sector. Gas use is
constrained to gas consumption zones as described in the
domestic emissions section and solid and liquid fuels are
assumed to be used in other areas.

Rail
The rail emissions in the UK are compiled using data for
three journey types: freight, intercity and regional.
Emissions are calculated based on fuel use reported in the
DTI Digest of UK Energy Statistics (DUKES). Rail
emissions from diesel locomotive are distributed across
Great Britain using maps of rail links and details of the
number of vehicle kilometres by the three journey types on
each rail link. Emissions are distributed across the rail
network by assigning an appropriate emission from each
journey type to each rail link. The emissions along each
rail link are assumed to be uniform along the length of the
rail link, as no information on load variations is yet
available.

Shipping
UK shipping totals are calculated at a national level. These
estimates include:

• Coastal shipping (fuel sales for ships confined to UK
waters);

• Fishing vessels;

• Other UK shipping (UK bunker fuel sales corrected
for estimation of emissions in port and cruise in UK
waters only).

Emissions are assigned to port areas and coastal zones
according to ship arrival data provided by DfT. The port
area emissions are mapped on the approximate port
locations. The cruise emissions are assigned to the area of
the coastline nearest to the relevant port and within 12km
of the shore. This gives a rough approximation of where
shipping is likely to be.

Aircraft
The NAEI includes aircraft emissions occurring below
1000m from the ground during take off and landing. These
are calculated from the number of aircraft movements at
UK airports on an individual airport basis according to the
mix of aircraft types at each airport. Aircraft cruising
emissions are also included in the NAEI but not in the
maps because these cannot be assigned to grid squares on
the ground. 

Take off and landing emissions are allocated to the
individual airports on the basis of the modelled emissions
at each airport. At each airport the emissions are then
distributed either across a pattern of take off and landing
emissions routes which vary by pollutant, or for the
smaller airports simply across the land area covered by the
airport. 

UK total emission estimates from airport support
vehicles are distributed over the physical airport area
based on aircraft arrival statistics for each airport. 
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Accidental fires and Small scale waste
burning
The distribution of accidental fires across the UK is very
uncertain. Distribution maps have been made using the
CEH Land Cover Map 2000. The land cover type has been
matched to the type of accidental fire for example
accidental forest fires are mapped using woodland land
cover, bonfires and accidental vehicle fires are distributed
using a suburban land cover map.

The ‘Accidental fires – dwellings’ and ‘Accidental
fires – other buildings‘ sectors have been mapped using
the 1km Census 2001 population distribution.

Landfill Sites
Emissions from landfill sites feature in the NAEI in two
different source sectors. The first is landfill gas
combustion which is used for electricity generation and/or
heating. These emissions are mapped as point sources. The
second sector comprises emissions from the landfill sites
themselves. Emissions are estimated for 1,3-butadiene,
benzene, dioxins, ammonia and VOC. This sector is
mapped as an area source.

Locations of landfill sites were obtained from the
Environment Agency for England and Wales, from SEPA
for Scotland and from DOENI for Northern Ireland. Very
little quantitative information on the sizes of the sites were
available and no information was available about closed
sites. Therefore a simple map of landfill locations is used
to distribute national total emissions from landfills.

Offshore Oil and Gas
Emissions from offshore installations are provided at an
installation level by UKOOA. These include Offshore
flaring, Offshore loading, Offshore own gas use and
Offshore oil and gas operations. These estimates are
aggregated for the UK totals. For the UK emission maps,
the installation reported emissions are assigned to
locations provided by the UK Hydrographic Office based
on the Company Name and field location. 

Other Sectors
Natural emissions are distributed using 1km resolution
land cover maps derived from the Land Cover Map 2000
data from the Centre for Ecology and Hydrology (CEH).
For example emissions from forests comprise NMVOC
emissions from natural processes. These are mapped using
the CEH woodlands land cover types (broad leaved/mixed
woodland and Coniferous woodland classes). The NAEI
also includes emissions from land use change resulting
from deforestation resulting in emissions of NOx and CO2.
These emissions are mapped using the same woodlands
map as above.

Emissions of particulate matter from mines and
quarries are distributed using data from the British
Geological Survey on the locations of mines and quarries
in the UK. This data set includes the location of the site
and a brief description of products and commodities. There
is no data on actual production amounts for each mine or
quarry. Regional production statistics for the various
commodities are therefore distributed across the sites in
each region on an equal weight basis. Only open cast
mining and quarrying activities are included. The
production statistics are aggregated to 1km grid squares
and particulate matter emissions distributed on this basis.

Compilation of maps
The 1km resolution maps are compiled using a bespoke
NAEI mapping tool based on ESRI ArcView GIS
software. The maps are built up in layers through a series
of allocations of NAEI national totals across the
distribution grids described in the previous sections. Area
emissions are aggregated to the 11 aggregated source
sectors shown in Figure 1 to make a UK area source
emission map such as that shown in Figure 2. 

Data Products
The mapped NAEI data are freely available in a variety of
formats:

• Local authority data:

The full spatial inventory is available on the NAEI
website at http://www.naei.org.uk/datawarehouse
The 1km resolution inventory is divided into
separate files for each pollutant for each local
authority. It is intended that these files are used to aid
local authorities in developing their own emission
inventories.

• Public access to the mapped emissions:

Website users can also find emissions data for
individual postcode locations. This is available at
http://www.naei.org.uk/mapping/mapping_2004.
php.

• Full UK maps:

The full UK area emissions maps are also available
individually by pollutant at http://www.naei.org.uk/
mapping/mapping_2004.php (in ArcInfo export
format). Point source data is available in Excel files.

The full mapped inventory for all pollutants is also
available on CD (email air.emissions@aeat.co.uk)
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