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Executive summary 

Directive 96/62/EC on Ambient Air Quality Assessment and Management (the Framework Directive) 
establishes a framework under which the EU sets limit values or target values for the concentrations of 
specified air pollutants. Directive 1999/30/EC (the first Daughter Directive) sets the limit values to be 
achieved for sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particles and lead. Directive 
2000/69/EC (the second Daughter Directive) set limits to be achieved for benzene and carbon 
monoxide. Directive 2002/3/EC (the third Daughter Directive) sets targets and long-term objectives to 
be achieved for ozone. Directive 2004/107/EC (the fourth Daughter Directive) sets target values to be 
achieved for arsenic, cadmium, nickel and polycyclic aromatic hydrocarbons with benzo(a)pyrene 
(BaP) as an indicator species. 

Directive 2008/50/EC on ambient air quality and clean air for Europe entered into force in June 2008. 
This directive replaced the framework and first three daughter directives and has been transposed into 
UK law two years after entering into force (June 2010). The air quality assessments for 2008 were 
carried out under the provisions of the Framework and daughter directives. One important change 
between the Framework and Daughter Directives and Directive 2008/50/EC is that the new directive 
includes a requirement to deduct the contribution to ambient PM from a wider range of natural sources 
prior to the comparison with limit values than specified in the previous directives. Since this is 
mandatory under the new directive we have included this in our assessment of concentrations in 2008.   

2008 is the eighth year for which an annual air quality assessment for the first Daughter Directive 
pollutants is required and the sixth year for which an annual air quality assessment has been 
undertaken for the second Daughter Directive pollutants. 2008 is the fifth year for which an annual air 
quality assessment has been undertaken for the third Daughter Directive and the first year an annual 
air quality assessment has been undertaken for the fourth Daughter Directive. A questionnaire has 
been completed for submission to the EU containing the results of this air quality assessment. The 
assessment takes the form of comparisons of measured and modelled air pollutant concentrations 
with the limit and target values set out in the Directives. Air quality modelling has been carried out to 
supplement the information available from the UK national air quality monitoring networks. 

This report does not contain any supplementary modelling information on ozone or lead. The 
accompanying report (Kent and Stedman, 2009) contains a summary of the key results of the 
questionnaire for ozone (covered by the third Daughter Directive) and additional technical information 
on the modelling methods that have been used to assess ozone concentrations throughout the UK. 
Yap et al. (2009) contains a summary of key results from the questionnaire from the annual air quality 
assessment for the fourth Daughter Directive pollutants and contains additional technical information 
on the modelling methods that have been used to assess arsenic, cadmium, lead, nickel and 
benzo(a)pyrene (BaP) concentrations throughout the UK. 

This report provides a summary of key results from the questionnaire for pollutants included in the first 
and second Daughter Directives, except lead, and additional technical information on the modelling 
methods that have been used to assess SO2, NO2 and NOX, PM10, benzene and CO concentrations 
throughout the UK. This includes: 

¶ Details of modelling methods 

¶ Information on the verification of the models used and comparisons with data quality objectives 

¶ Detailed modelling results and comparisons with limit values. 

Maps of background concentrations of SO2, NO2, PM10, benzene and CO in 2008 on a 1 km x 1 km 
grid have been prepared. Maps of roadside concentrations of NO2, PM10, benzene and CO have been 
prepared for a total of 9,553 urban major road links (A-roads and motorways) across the UK. 

The dominant contributions to measured SO2 concentrations in the UK are typically from major point 
sources such as power stations and refineries, particularly in terms of high percentile concentrations. 
Emissions of SO2 from point sources were therefore modelled in some detail. Area sources have been 
modelled using a dispersion kernel approach. For NO2, NOX, PM10, benzene and CO there are also 
important contributions to ambient concentrations from area sources, particularly traffic; therefore a 
slightly different modelling approach has been adopted. The area source contribution has been 
modelled using a kernel-based area source model, which has been calibrated using measurement 
data. Roadside concentrations of NO2, NOX, PM10, benzene and CO have been estimated by adding a 
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roadside increment to the modelled background concentrations. This roadside increment has been 
calculated using road link emission estimates and dispersion coefficients derived empirically from 
roadside monitoring data. 

The UK has been divided into 43 zones for air quality assessment. There are 28 agglomeration zones 
(large urban areas) and 15 non-agglomeration zones. The status of the zones in relation to the limit 
values for all of the first and second Daughter Directive pollutants have been listed and reported to the 
EU in the questionnaire. The status has been determined from a combination of monitoring data and 
model results. The results of this assessment are summarised in Table E1 in terms of exceedences of 
limit values + margins of tolerance (LV + MOT) (where applicable) and limit values (LV). Table E2 
contains details of exceedences of old directives. 

Table E1. Summary results of air quality assessment for 2008 

Pollutant  Averaging 
time 

Number of zones exceeding limit 
value + margin of tolerance 

Number of zones exceeding limit 
value

 

SO2  1-hour n/a none 

SO2 24-hour
1
 n/a none 

SO2 Annual
2
 n/a none 

SO2 Winter
2
 n/a none 

NO2 1-hour
3
 2 zones measured (Greater London 

Urban Area & Glasgow Urban Area) 
3 zones measured 

NO2 Annual 40 zones (7 measured + 33 
modelled) 

40 zones (7 measured + 33 
modelled) 

NOx Annual
2
 n/a none 

PM10 24-hour 
(Stage 1) 

n/a 2 zones (1 measured + 1 modelled) 

PM10 Annual 
(Stage 1) 

n/a none 

Lead Annual n/a none 

Benzene Annual none none 

CO 8-hour n/a none 
 

1 
No MOT defined, LV + MOT = LV  

2
 Applies to vegetation and ecosystem areas only. No MOT defined, LVs are already in force 

3
 No modelling for 1-hour LV 

Table E2. Exceedences of old Directives  

Pollutant  Directive Averaging time Concentration (mg m
-3

) 

NO2 85/203/EEC 1-hour 98%ile 252 (measured at London Marylebone Road) 
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1 Introduction 

1.1 The Framework and first and second Daughter 
Directives 

Directive 96/62/EC on Ambient Air Quality Assessment and Management (the Framework Directive) 
establishes a framework under which the EU sets limit values or target values for the concentrations of 
specified air pollutants in ambient air. Directive 1999/30/EC (the first Daughter Directive, AQDD1) sets 
the limit values to be achieved for sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particles 
and lead. Directive 2000/69/EC (the second Daughter Directive, AQDD2) sets out the limit values to 
be achieved for benzene and carbon monoxide. Directive 2002/3/EC (the third Daughter Directive, 
AQDD3) sets target values and long-term objectives to be achieved for ozone. Directive 2004/107/EC 
(the fourth Daughter Directive, AQDD4) sets target values to be achieved for arsenic, cadmium, nickel 
and polycyclic aromatic hydrocarbons with benzo(a)pyrene (BaP) as an indicator species. 

The Framework Directive includes a requirement for Member States to undertake preliminary 
assessments of ambient air quality, prior to the implementation of the Daughter Directives under 
Article 5 this Directive. The objectives of these assessments are to establish estimates for the overall 
distribution and levels of pollutants, and to identify additional monitoring required to fulfil obligations 
within the Framework Directive. Reports describing the preliminary assessment for the UK for AQDD1 
and AQDD2 have been prepared (Bush 2000 and 2002). AQDD1 and AQDD2 define the number of air 
quality monitoring sites required on the basis of the concentrations of pollutants and population 
statistics. The number of monitoring sites required is significantly reduced if other means of 
assessment, in addition to fixed monitoring sites, are also available.  Air quality modelling has 
therefore been carried out to supplement the information available from the UK national air quality 
monitoring networks and contribute to the assessments required by the Framework and subsequent 
Daughter Directives. 

Directive 2008/50/EC on ambient air quality and clean air for Europe entered into force in June 2008. 
This directive replaced the framework and first three daughter directives and has been transposed into 
UK law two years after entering into force (June 2010). The air quality assessments for 2008 were 
carried out under the provisions of the Framework and daughter directives. One important change 
between the Framework and Daughter Directives and Directive 2008/50/EC is that the new directive 
includes a requirement to deduct the contribution to ambient PM from a wider range of natural sources 
prior to the comparison with limit values than specified in the previous directives. Since this is 
mandatory under the new directive we have included this in our assessment of concentrations in 2008.   

1.2 This report 

The first and second Daughter Directives make provision for an annual air quality assessment for SO2, 
NOX, NO2, PM10, lead, benzene and CO. A questionnaire has been completed for submission to the 
EU containing the results of this air quality assessment. A copy of the completed questionnaire can be 
found on the Central Data Repository of the European Environment Agency (CDR, 2009). The 
assessment takes the form of comparisons of measured and modelled air pollutant concentrations 
with the limit values set out in the Directives.  This report provides a summary of key results from the 
questionnaire for SO2, NOX, NO2, PM10, benzene and CO and additional information on the modelling 
methods that have been used to assess concentrations throughout the UK. Full details of the 
assessment carried out for lead are included in the accompanying report (Yap et al., 2009), which 
includes assessments for the heavy metals covered by AQDD4. Summary results for lead are 
included in Section 7 of this report for easy reference. 

The third Daughter Directive includes a requirement for an annual air quality assessment for ozone. 
The ozone air quality assessment is covered in a separate technical report (Kent and Stedman, 2009). 

Sections 2 to 6 describe the Pollution Climate Mapping (PCM) modelling methods used for estimation 
of SO2, NO2, PM10, benzene and CO. These include: 

¶ Details of the modelling methods 

¶ Information on the verification of the models used and comparisons with data quality objectives 
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¶ Detailed modelling results. 

The status of zones in relation to the limit values for the AQDD1 and AQDD2 pollutants have been 
listed and reported to the EU in the questionnaire (CDR, 2009) and copies of these lists are included 
in Section 7. The status has been determined from a combination of monitoring data and model 
results. Section 7 also includes a comparison of the results of similar assessments carried out for 
previous years (Stedman et al., 2002; Stedman et al., 2003; Stedman et al., 2005; Stedman et al., 
2006a; Kent et al., 2007a; Kent et al., 2007b; Grice et al., 2009). 

1.3 Preliminary assessments and definition of zones 

The preliminary assessment carried out for AQDD1 (Bush, 2000) defined a set of zones to be used for 
air quality assessment in the UK. Table 1.1 contains details of area, population (from 2001 census) 
and urban road length contained in each zone and agglomeration. The zones and agglomerations 
map for the UK is presented in Figure 1.1.
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Figure 1.1. UK zones and agglomerations for 2008 

 
Agglomeration zones (red) 
Non-agglomeration zones (blue/green) 
© Crown copyright. All rights reserved Defra, Licence number 100022861 [2009]  
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Table 1.1. Zones for AQDD reporting  

Zone Zone 
code 

Ag or 
non-ag* 

Population Area 
(km

2
) 

Number of 
urban road 
links 

Length of 
urban road 
links (km) 

Greater London Urban Area UK0001 ag 8278251 1629.9 1934 1890.4 

West Midlands Urban Area UK0002 ag 2284093 599.7 393 552.2 

Greater Manchester Urban Area UK0003 ag 2244931 556.5 550 661.0 

West Yorkshire Urban Area UK0004 ag 1499465 370.0 282 423.9 

Tyneside UK0005 ag 879996 210.7 171 206.0 

Liverpool Urban Area UK0006 ag 816216 186.1 254 216.7 

Sheffield Urban Area UK0007 ag 640720 162.2 110 160.3 

Nottingham Urban Area UK0008 ag 666358 158.4 123 134.0 

Bristol Urban Area UK0009 ag 551066 139.8 113 116.2 

Brighton/Worthing/Littlehampton UK0010 ag 461181 94.1 61 88.9 

Leicester Urban Area UK0011 ag 441213 101.6 66 81.3 

Portsmouth Urban Area UK0012 ag 442252 94.4 55 75.3 

Teesside Urban Area UK0013 ag 365323 114.3 63 73.6 

The Potteries UK0014 ag 362403 96.6 112 129.0 

Bournemouth Urban Area UK0015 ag 383713 108.1 48 72.1 

Reading/Wokingham Urban 
Area UK0016 ag 369804 93.2 65 76.8 

Coventry/Bedworth UK0017 ag 336452 75.5 29 36.0 

Kingston upon Hull UK0018 ag 301416 80.4 40 60.1 

Southampton Urban Area UK0019 ag 304400 72.8 53 63.7 

Birkenhead Urban Area UK0020 ag 319675 89.1 65 73.4 

Southend Urban Area UK0021 ag 269415 66.8 31 50.6 

Blackpool Urban Area UK0022 ag 261088 65.8 48 64.8 

Preston Urban Area UK0023 ag 264601 60.4 35 47.4 

Glasgow Urban Area UK0024 ag 1168270 368.7 201 300.6 

Edinburgh Urban Area UK0025 ag 452194 120.1 60 102.3 

Cardiff Urban Area UK0026 ag 327706 75.6 38 59.1 

Swansea Urban Area UK0027 ag 270506 79.7 29 65.1 

Belfast Metropolitan Urban Area UK0028 ag 515484 198.1 29 158.4 

Eastern UK0029 non-ag 4909880 19133.7 603 866.0 

South West UK0030 non-ag 4039460 23562.6 439 648.9 

South East UK0031 non-ag 6160630 18672.6 808 1303.0 

East Midlands UK0032 non-ag 3261330 15495.9 418 696.3 

North West & Merseyside UK0033 non-ag 3470620 13722.9 578 970.7 

Yorkshire & Humberside UK0034 non-ag 3003870 14796.6 365 754.8 

West Midlands UK0035 non-ag 2624020 12186.3 351 544.4 

North East UK0036 non-ag 1443910 8291.4 199 289.3 

Central Scotland UK0037 non-ag 1883010 9347.6 222 360.9 

North East Scotland UK0038 non-ag 976022 18631.4 130 230.4 

Highland UK0039 non-ag 341329 39134.5 9 32.4 

Scottish Borders UK0040 non-ag 250529 11184.1 35 47.3 

South Wales UK0041 non-ag 1698080 12228.4 167 321.1 

North Wales UK0042 non-ag 702506 8382.6 86 156.0 

Northern Ireland UK0043 non-ag 1149150 13974.1 85 348.9 

Total   61392538 244813.3 9553 13609.8 

ag = agglomeration zone 
non-ag = non-agglomeration zone 
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1.4 Monitoring sites 

The monitoring stations operating during 2008 for the purpose of AQDD1 and AQDD2 are listed in 
Form 3 of the questionnaire which can be found on the CDR (2009). Not all sites had sufficient data 
capture during 2008 for data to be reported. The data quality objective (DQO) for AQDD1 and AQDD2 
measurements is 90% data capture. We have, however, included all measurements with at least 75% 
data capture for the entire year in the analysis in order to ensure that we can make maximum use of 
data from the monitoring sites operational for the whole of 2008 for reporting purposes. Data capture 
statistics for sites operational during 2008 are also presented in Form 3 of the reporting questionnaire. 

 

1.5 Limit Values and Margins of Tolerance 

The limit values (LV) and limit values + margins of tolerance (LV + MOT) included in AQDD1 and 
AQDD2 are listed in Tables 1.2 to 1.7. Stage 1 limit values for achievement by 2005 and indicative 
stage 2 limit values for achievement by 2010 were included in AQDD1 for PM10.  The limit value + 
margin of tolerance varies from year to year from the date the Directives came into force until the date 
by which the limit value is to be met. Values for 2008 are listed in Tables 1.2 to 1.7. Where no margin 
of tolerance has been defined the limit value + margin of tolerance is effectively the same as the limit 
value. There are no margins of tolerance for the ecosystem and vegetation limit values because these 
limit values came into force in 2001. There is no applicable margin of tolerance for the hourly or 24-
hourly SO2 metric, the PM10 (Stage 1) 24-hour or annual metrics, the lead annual mean metric, or the 
maximum daily 8-hour CO metric because these limit values all came into force in 2005. Member 
states are no longer required to report with respect to the Stage 2 indicative limit values for PM10. 
Details of the assessment carried out for lead are provided in the accompanying report (Yap et al., 
2009). 

All exceedences of the limit value must be reported to the EU. Exceedences of the limit value + margin 
of tolerance (or limit value if no limit value + margin of tolerance has been set) also must be reported 
to the EU. A reported exceedence of the limit value + margin of tolerance also means that a óplan and 
programmeô for attaining the limit value within the specified time limit specified by the relevant 
Directive and a report to the EU on this óplan and programmeô must be prepared. 

Table 1.2. Limit values for SO2 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

1. Hourly LV for the 
protection of human 
health 

1 hour 350 mg m
-3

, not to 
be exceeded more 
than 24 times a 
calendar year 

N/A 1 January 2005 

2. Daily LV for the 
protection of human 
health 

24 hour 125 mg m
-3

, not to 
be exceeded more 
than 3 times a 
calendar year 

N/A  1 January 2005 

3. LV for the 
protection of 
ecosystems 

Calendar 
year and 
winter 

20 mg m
-3

 N/A 19 July 2001 
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Table 1.3. Limit values for NO2 and NOX 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

1. Hourly LV for the 
protection of human 
health 

1 hour 200 mg m
-3

 NO2 not 
to be exceeded 
more than 18 times 
a calendar year 

220 mg m
-3

, NO2 
not to be exceeded 
more than 18 times 
a calendar year 

1 January 2010 

2. Annual LV for the 
protection of human 
health 

Calendar 
year 

40 mg m
-3

 NO2 44 mg m
-3

, NO2 1 January 2010 

3. LV for the 
protection of 
vegetation 

Calendar 
year  

30 mg m
-3

 NOX, as 
NO2 

N/A 19 July 2001 

Table 1.4a. Limit values for PM10 (Stage 1) 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

1. 24-hour LV for the 
protection of human 
health 

24 hour 50 mg m
-3

 not to be 
exceeded more 
than 35 times a 
calendar year 

N/A 1 January 2005 

2. Annual LV for the 
protection of human 
health 

Calendar 
year 

40 mg m
-3

  N/A 1 January 2005 

Table 1.4b. Indicative limit values for PM10 (Stage 2) 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

1. 24-hour LV for the 
protection of human 
health 

24 hour 50 mg m
-3

 not to be 
exceeded more 
than 7 times a 
calendar year 

N/A 1 January 2010 

2. Annual LV for the 
protection of human 
health 

Calendar 
year 

20 mg m
-3

  24 mg m
-3

 1 January 2010 

Table 1.5. Limit values for lead 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

Annual LV for the 
protection of human 
health 

Calendar 
year 

0.5 mg m
-3

  N/A 1 January 2005 

Table 1.6. Limit values for benzene 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

Annual LV for the 
protection of human 
health 

Calendar 
year 

5 mg m
-3

  7 mg m
-3

 1 January 2010 

Table 1.7. Limit values for CO 

 Averaging 
period 

LV LV + MOT 2008 Date by which 
LV is to be met 

8-hour LV for the 
protection of human 
health 

Maximum 
daily 8-hour 
mean 

10 mg m
-3

  N/A 1 January 2005 
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1.6 Data quality objectives for modelling results and model 
verification 

AQDD1 sets data quality objectives (DQOs) in terms of accuracy, which act as a guide for quality 
assurance programmes when identifying an acceptable level of accuracy for assessment methods 
appropriate for supplementary assessment under the first Daughter Directive. Accuracy is defined in 
the Directives as the maximum deviation of the measured and calculated concentration levels, over 
the period considered by the limit value, without taking into account the timing of events. 

DQOs have been set at 50-60% (we have compared with 50%) for hourly averages, 50% for daily 
averages and 30% for annual averages of SO2, NO2 and NOx. For PM10 and lead the DQO for annual 
averages is 50%. DQOs have not been defined for daily averages of PM10 at present. The second 
Daughter Directive sets the DQOs applicable to assessment methods for annual average benzene 
and 8-hour average CO concentrations at 50%. 

The models used to calculate the maps of air pollutants presented in this report have been calibrated 
using the national network monitoring data, for sites listed in Form 3 of the reporting questionnaire. 
Data from these sites alone cannot, therefore, be used to assess the reliability of the mapped 
estimates in relation to the DQOs for modelling. Measurement data from sites not included in the 
calibration are required to make this assessment. Data from sites quality assured by AEA under 
contract and not part of the national network, including Local Authority sites in the AEA Calibration 
Club, Scottish Air Quality Archive monitoring sites, Welsh Air Quality Forum monitoring sites and sites 
from the Kent and Medway Air Quality Monitoring Network, have therefore been used for the 
verification of the modelled estimates. The description óVerification Sitesô is used to describe all the 
monitoring sites included in the verification analysis, as only a subset of these sites, quality assured 
under contract by AEA, are formally members of the Calibration Club. For 2008 we have also obtained 
monitoring data from the London Air Quality Network (LAQN) and Hertfordshire and Bedfordshire Air 
Quality Monitoring Network, courtesy of ERG. The monitoring sites used for this comparison are listed 
in Appendix 1. Sites with a data capture of at least 75% have been included in the verification 
analysis. Model verification results are listed in the following sections on each pollutant. 

 

1.7 Air quality modelling 

Full details of the modelling methods implemented are given in the following sections. A brief 
introduction is presented here. Maps of background concentrations of SO2, NO2, PM10, benzene and 
CO have been prepared on a 1 km x 1 km grid for the 2008 calendar year. Emissions estimates used 
in calculating pollutant concentrations have been taken from the National Atmospheric Emissions 
Inventory (Murrells et al., 2009). Maps of roadside concentrations of NO2, PM10 and benzene and CO 
have also been prepared for 9,553 urban major road links (A-roads and motorways). Emissions maps 
utilised in this modelling work are presented in the NAEI report (Murrells et al., 2009). 

The dominant contributions to ambient SO2 concentrations in the UK are from power stations and 
refineries. Emissions of SO2 from point sources were therefore modelled explicitly, whereas, the more 
diffuse area sources were modelled using a dispersion kernel approach.  

For NO2, NOX, PM10, benzene and CO there are also important contributions to ambient 
concentrations from area sources, particularly traffic sources, and a slightly different modelling 
approach has therefore been adopted. Point sources have been modelled explicitly for all these 
pollutants. For benzene contributions from large combustion sources have been modelled explicitly. 
Contributions from other point source have been modelled using a volume source dispersion kernel 
approach in order to represent the process and fugitive emission release characteristics of these 
sources. Rural network measurements have been used to define regional concentrations of NO2, NOX 
and secondary PM10. Regional benzene concentrations have been estimated from rural NOX 
concentrations. The area source contribution to ambient NOX, PM10, benzene and CO concentrations 
has been modelled using a dispersion kernel approach. The coefficients calibrating these area source 
models have been determined using measurement data from the national networks.  

Roadside concentrations of NO2, NOX, PM10, benzene and CO have been estimated by adding a 
roadside increment to the modelled background concentrations. The roadside increment has been 
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calculated from road link emission estimates using dispersion coefficients derived empirically using 
data from roadside monitoring sites. 

Emissions estimates for the UK are provided by the National Atmospheric Emission Inventory (NAEI) 
(Murrells et al., 2009). Emission maps from the 2007 NAEI have been used for the modelling work 
described here. Emission estimates for area sources have been scaled to values appropriate to 2008, 
using UK sector total emissions from 2007 and 2008. 

The methods used to calculate the dispersion kernels for 2008 are described in Appendix 3. 

The work carried out to check that the revised aircraft and shipping emissions were suitable for use in 
the PCM model for 2008 is described in Appendix 4. 

1.8 Air quality in Gibraltar in 2008 

Air quality monitoring is undertaken in Gibraltar and these data are submitted to the Commission each 
year via a separate questionnaire to that compiled for the UK (CDR, 2009). Three continuous 
automatic monitoring stations were in operation in 2008 ï Bleak House (background site), Rosia Road 
(roadside site) and Withamôs Road (roadside site). The results of the air quality assessment are 
presented in Appendix 6, including tables of the relevant forms from the questionnaire and details of 
the monitoring sites. 
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2 SO2 

2.1 Introduction 

Maps of annual mean, winter mean, 99.73 percentile of hourly mean and 99.18 percentile of daily 
mean SO2 concentrations have been calculated for 2008. The percentile concentrations presented 
here correspond to the number of allowed exceedences of the 1-hour and 24-hour limit values for SO2. 
The modelling methods were developed by Abbott and Vincent (1999, 2006). Emissions from point 
and area sources were modelled separately and the results combined within a geographical 
information system to produce the respective concentration maps.  

Emissions from larger point sources (sources with emissions Ó 500 tonnes per year) were modelled 
using the dispersion model ADMS 4.1 (CERC, 2008). Hourly emissions profiles for the power stations 
in England and Wales for 2008 were provided by the Environment Agency. Emissions from power 
stations in Northern Ireland were modelled using emissions profiles typical of electricity generation in 
summer and winter. Emissions from non-power station point sources were based upon data obtained 
from the Environment Agencyôs Pollution Inventory. Emissions from smaller point sources (< 500 
tonnes) were modelled using the ñsmall point source modelò. This model is described in more detail in 
Appendix 2. The emissions for both the non-power station large and small point sources are for 2007; 
2008 emissions for these types of sources were not available when the modelling work was 
conducted. 

For the large point emission sources, concentrations are predicted for 5 km x 5 km receptors within a 
number of receptor areas (or tiles), which together covered the UK. The size of the receptor areas was 
typically 100 km x 100 km, extending out to 150 km where appropriate. All sources within the receptor 
area and extending out 100 km from the squareôs border were assumed to influence concentrations 
within the receptor area. Emissions were modelled using sequential meteorological data for 
Waddington in Lincolnshire. This site was chosen as the most representative of meteorology in the 
vicinity of the largest point sources in the UK. This approach ensures that the combined impact of 
several sources on ambient high percentile concentrations is estimated correctly.  

The contribution to ambient SO2 concentrations from area sources was calculated using a dispersion 
kernel approach. Emission estimates for area sources have been scaled to values appropriate to 
2008, using UK sector total emissions for 2007 and 2008. Concentrations are predicted for 1 km x 1 
km receptors. Dispersion kernels were calculated using ADMS 4.1 and hourly sequential 
meteorological data for 2008 from Waddington. Modelling of the area sources is described in more 
detail in Appendix 3.  

Details of the method to combine the component parts are described in the following sections. The 
map of winter mean SO2 concentrations was derived from the annual mean map using a factor of 
1.30, which is the ratio between the average concentration measured at rural SO2 monitoring sites 
during the 2007-2008 winter period and annual concentration for during 2008, respectively. 

A different method was used to calculate the high percentile concentrations in Northern Ireland, where 
the dominant source for peak SO2 concentrations is domestic emissions (see Section 2.4). 

2.2 SO2 emissions 

Figure 2.1 shows the total UK SO2 emissions for each year from 2007 to 2020 and the emissions 
broken down by SNAP code. The emissions are dominated by combustion in energy production & 
transformation and the total emissions are predicted to decrease into the future. 
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Figure 2.1. Total UK SO 2  emissions for 2007 and emissions projections up to 2020 by SNAP 
code from NAEI 2007 
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2.3 Maps of winter and annual mean concentrations 

A map of annual mean SO2 concentration for 2008 in ecosystem areas is shown in Figure 2.2. This 
map has been calculated by removing non-ecosystem areas from the background SO2 map and 
calculating the zonal mean of the 1 km

2
 grid squares for a 30 km

2
 grid.  

Mean concentrations on a 30 km
2
 grid have been used to prevent the influence of any urban area 

appearing unrealistically large on adjacent ecosystem areas. Thus the modelled concentrations in 
ecosystem areas should be representative of approximately 1000 km

2
 as specified in Directive 

1999/30/EC for monitoring sites used to assess concentrations for the ecosystem limit value.
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Figure 2.2. Annual mean SO2 concentration, 2008 (mg m
-3

) in ecosystem areas 

 
© Crown copyright. All rights reserved Defra, Licence number 100022861 [2009] 
 



AEA/ENV/R/2859 Issue 1  

AEA 18 

The factors used to combine the point source and area source contributions are shown in Table 2.1. A 

residual concentration of 0.19 mg m
-3

 was added. This residual was derived by a linear least squares fit 
between the measured and modelled concentrations. The residual is associated with contributions 
from more distant sources, for example, from continental European sources that are not explicitly 
modelled. The area coefficient was derived from the NOx calibration with measured data. The local 
contribution to ambient NOX concentrations is dominated by area sources. The calibration of the area 
source model for NOX should therefore provide a robust coefficient for the area sources of other 
pollutants. 

Table 2.1. Coefficients for annual mean model 

 Points coefficient Area coefficient Constant (mg m
-3

) 

Annual mean 1 2.4547 0.19 

 
Measured concentrations from Rural SO2 Monitoring Network sites (Tang, 2009), rural, suburban and 
industrial sites in the national automatic monitoring networks and rural automatic monitoring sites 
maintained by the electricity generating companies were used to check the method used to combine 
the modelled components. A list of the sites maintained by the electricity generating companies is 
included in Appendix 1. The comparison plot for 2008 is shown in Figure 2.3. 

Figure 2.3. Comparison plot for 2008 annual mean SO2 concentration 
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A map of winter mean SO2 concentrations for the period October 2007 to March 2008 has also been 
calculated and is shown in Figure 2.4. This map was calculated by multiplying the annual mean map 
for 2008 by 1.30, which is the ratio between the average concentration measured at rural SO2 
monitoring sites during the 2007-2008 winter period and annual concentration for during 2008.
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Figure 2.4. Winter mean SO2 concentration, 2007-2008 (mg m
-3

) in ecosystem areas 

 
© Crown copyright. All rights reserved Defra, Licence number 100022861 [2009]  
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2.4 Maps of percentile concentrations for comparison with 
the 1-hour and 24-hour limit values 

Maps of 99.73 percentile of 1-hour mean and 99.18 percentile of 24-hour mean SO2 concentration in 
2008 are shown in Figures 2.5 and 2.6 and were calculated for comparison with the 1-hour and 
24-hour limit values for SO2. 

The methodology to produce the maps is based on research on combining concentrations arising from 
area and industrial sources undertaken for the Environment Agency (Abbott and Vincent, 2006). This 
methodology aims to derive a better estimate of the percentile concentrations at locations distant from 
the industrial sources. A weighted regression analysis was carried out by Abbott and Vincent 
assuming that the variance of the residuals was proportional to the modelled concentration. The 
regression model was of the form: 

ù
ù
ú

ø

é
é
ê

è

++

++
=

annualrangelongareaelledannualindustrialelled

annualrangelongareaelledileindustrialelled

measured
cckAc

ccAc
c

)(2

)(2
max

__mod,_mod

__mod,%_mod
 . 

The constant A was obtained from the regression analysis. The background multiplier factor, k, was 

derived from monitoring data. The factor ñ2ò, used to scale the (cmodelled_area + clong_range)annual and 

cmodelled_industrial,annual components, has been shown to be a robust factor that allows short-term 

average concentrations to be estimated from modelled annual mean concentrations arising from 
non-industrial or industrial sources (Abbott et al., 2005). Table 2.2 presents the A and k factors used in 
the derivation of the maps. The k factors include the calibration factor of 2.4547 derived for NOX. 

Table 2.2. Factors for percentile models 

 
The justification for treating industrial sources and area emissions separately is because peaks in high 
percentile modelled contributions may not coincide with peaks in high percentile background 
concentrations ï a problem that is more pronounced in emissions from large industrial point sources 
because the meteorological conditions that give rise to high concentrations from tall stacks can be 
very different from those that produce high concentrations from emissions at low level. 

Figures 2.7 and 2.8 provide an intermediate quality check at rural and suburban sites which form part 
of the national network and at sampling sites operated by the electricity supply companies. 

Metric Constant (A) Background multiplier 
factor (k) 

clong_range 

99.73 percentile of 
1-hour values 

1.09 24.79 0.19 

99.18 percentile of 
24-hour values 

1.23 8.10 0.19 
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Figure 2.5. 99.73 percentile of 1-hour mean SO2 concentration, 2008 (mg m
-3

) 

 
© Crown copyright. All rights reserved Defra, Licence number 100022861 [2009] 



AEA/ENV/R/2859 Issue 1  

AEA 22 

Figure 2.6. 99.18 percentile of 24-hour mean SO2 concentration, 2008 (mg m
-3

) 

 
Crown copyright. All rights reserved Defra, Licence number 100022861 [2009] 
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Figure 2.7. Comparison plot for 2008 99.73 percentile of 1-hour mean SO2 concentrations 
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Figure 2.8. Comparison plot for 2008 99.18 percentile of 24-hour mean SO2 concentrations 
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An alternative method was used to derive the high percentile concentrations in Northern Ireland. This 
was required because area sources, predominately emissions from domestic coal fires, make a more 
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significant contribution to observed high percentile concentrations in Northern Ireland than in the rest 
of the United Kingdom. Additionally, the smaller number of point sources in Northern Ireland means 
that these sources make a much smaller contribution to the observed high percentile concentrations.  

Maps of high percentile concentrations in Northern Ireland have been calculated from the mapped 
annual mean SO2 concentrations using a linear least squares fit between measured annual mean and 
measured high percentile concentrations in Northern Ireland during 2008 at national network and AEA 
Calibration Club monitoring sites. Figures 2.9a and 2.9b show the relationship between the annual 
mean and the 99.73 percentile of 1-hour mean values and the 99.18 percentile of 24-hour mean 
values at the sampling sites in Northern Ireland. 

The equations used to derive the high percentile maps are: 

Predicted 99.73 %ile in Northern Ireland = 7.99 ³ Modelled Annual Mean + 2.38 

Predicted 99.18 %ile in Northern Ireland = 4.18 ³ Modelled Annual Mean - 0.026. 

Figure 2.9a. Relationship between mean 
concentration and 99.73 percentile of 1-hour 
concentrations at sampling sites in Northern 
Ireland 
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Figure 2.9b. Relationship between mean 
concentration and 99.18 percentile of 24-hour 
concentrations at sampling sites in Northern 
Ireland 
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2.5 Verification of mapped values 

Figures 2.10, 2.11 and 2.12 show comparisons of modelled and measured annual mean, 99.73 
percentile of 1-hour means and 99.18 percentile of 24-hour means SO2 concentrations in 2008 at 
monitoring site locations in the UK. Both the national network sites and the verification sites are 
shown. The óQuality Check Sitesô include the electricity generating company sites and selected AURN 
sites. Urban background, centre and roadside AURN sites not used in the calibration process are also 
presented along with óverification sitesô that include ad-hoc monitoring sites and AEAôs Calibration 
Club monitoring sites. A complete list of the AURN sites used is presented in Form 3 of the reporting 
questionnaire. Details of verification sites are presented in Table A1.1 of Appendix 1 and the sites 
maintained by the electricity generating companies are listed in Table A1.2. Lines representing y = x ï 
30 % and y = x + 30% or y = x ï 50 % and y = x + 50% are also shown (the AQDD1 data quality 
objective for modelled annual mean and percentile SO2 concentrations respectively). 
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Figure 2.10. Verification of annual mean SO2 
model 2008 
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Figure 2.11. Verification of 99.73 percentile of 
1-hour mean SO2 model 2008 
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Figure 2.12. Verification of 99.18 percentile of 
24-hour mean SO2 model 2008  
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Summary statistics for modelled and measured SO2 concentrations and the percentage of sites for 
which the modelled values are outside the data quality objectives (DQOs) and the total number of 
sites included in the analysis are listed in Tables 2.3, 2.4 and 2.5. 

The mean measured and modelled concentration for each averaging time agrees reasonably well, 
with some outliers. The agreement between measured and modelled concentrations on a site-by-site 
basis (quantified using R

2
) has historically been poor for all metrics both for sites in the national 

network and the verification sites. Note that the 1 km
2
 grid annual mean map is not compared directly 

with the annual mean limit value; the zonal mean of the 1 km
2
 grid squares in ecosystem areas has 

been calculated for a 30 km
2
 grid, as discussed above. 

Reasons for the poor agreement include: 

¶ Emissions from large industrial emission sources are decreasing. This will result in an 
increase in the relative contribution from other sources. The emission characteristics of these 
sources are less well known; 

¶ The receptor grid used in the model predictions for point sources (concentrations are 
predicted at 5 km intervals) may be too coarse for the smaller emission sources; 
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¶ The modelling method does not explicitly model concentrations arising from non-UK sources. 

The R
2
 values in Tables 2.3 to 2.5 for national network sites were comparable to those reported in 

previous years. The R
2
 values for the verification sites were far smaller than in previous years. 

Methods to improve the prediction could include: 

¶ Improving emission characteristics for smaller emission sources; 

¶ Increasing the resolution of the receptor area (5 km to 1 km or 2 km); 

¶ Considering using region specific meteorological data; 

¶ Using a long-range transport model to predict sulphur dioxide concentrations from non-UK 
sources. 

Table 2.3. Summary statistics for comparison between modelled and measured annual mean 
concentrations of SO2 at background sites  

 Mean of 
measurements 

(mg m
-3

) 

Mean of model 
estimates 

(mg m
-3

) 

R
2 

% of sites 
outside DQO of 

°30%  

Number of sites 
in assessment 

National 
Network 

2.42 2.88 0.30 70 70
a 

Verification 
sites 

3.53 3.45 0.04 62 47 

a includes measurement data from sites in Defraôs AURN and Rural Acid Rain Monitoring Network  

Table 2.4. Summary statistics for comparison between modelled and measured 99.73 percentile 
of 1-hour mean concentrations of SO2 at background sites 

 Mean of 
measurements 

(mg m
-3

) 

Mean of model 
estimates 

(mg m
-3

) 

R
2 

% of sites 
outside DQO of 

°50% 

Number of sites 
in assessment 

National 
Network 

17.56 18.22 0.11 33 39
b 

Verification 
sites 

21.69 19.33 0.09 38 45 

b includes measurement data from sites in Defraôs AURN only 

Table 2.5. Summary statistics for comparison between modelled and measured 99.18 percentile 
of 24-hour mean concentrations of SO2 at background sites 

 Mean of 
measurements 

(mg m
-3

) 

Mean of model 
estimates 

(mg m
-3

) 

R
2 

% of sites 
outside DQO of 

°50% 

Number of sites 
in assessment 

National 
Network 

37.57 42.55 0.15 31 39
c 

Verification 
sites 

45.11 45.41 0.37 33 45 

c includes measurement data from sites in Defraôs AURN only 

 

2.6 Source apportionment 

Figure 2.13 shows the source apportionment for modelled annual mean concentrations of SO2 at 
AURN monitoring sites for 2008. Measured annual mean concentrations at each site are shown for 
reference. This figure shows that annual mean SO2 concentrations at most sites are dominated by 
contributions from industrial sources. Some sites also have significant contributions from shipping, 
commercial and domestic sources. It appears that the contribution from industrialised sources has 
been over-estimated at the Derry site, where the measured concentration is considerably lower than 
the model estimate. 
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Figure 2.13. The source apportionment for modelled annual mean concentrations of SO2 at AURN monitoring sites for 2008 (area type of each site is 
shown in parenthesis after its name ï see Table 3.2) 
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2.7 Comparison of modelling results with limit values 

Modelling results for SO2 have not been tabulated here because the modelled and measured SO2 
concentrations for 2008 are below the limit values for all zones. In contrast to some previous years 
there were no modelled exceedences in the Eastern Zone associated with industrial emissions at the 
brickworks at Stewartby. This was to be expected as the brickworks have now closed. 
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3 NO2/NOX  

3.1 Introduction 

Limit values 

Two limit values for ambient NO2 concentrations are set out in the First Daughter Directive. These 
have been specified for the protection of human health and will come into force on 01/01/2010. These 
limit values are: 

¶ An annual mean concentration of 40 µg m
-3

. 

¶ An hourly concentration of 200 µg m
-3

, with 18 permitted exceedences each year  

An annual mean limit value for NOX has also been specified in the directive: 

¶ An annual mean concentration 30 µg m
-3

 (NOX as NO2). 

This limit value is designed to protect vegetation and as such only applies in vegetation areas defined 
in the directive. This limit value came into force 19/07/2001. 

 

Annual mean modelling  

Annual mean concentrations of NOX and NO2 have been modelled for the UK for 2008 at background 
and roadside locations. Figures 3.1 and 3.2 present maps of annual mean NO2 concentrations for 
these locations in 2008. These maps have been used for comparison with the NO2 limit values 
described above.  

To calculate NO2 annual mean maps, we have first calculated NOX annual mean concentration maps 
at background and roadside locations. The background NOX map has also been used to generate a 
map of annual mean NOX concentrations in vegetation areas for comparison with the NOX limit value 
described above. This map is shown in Figure 3.3. This map has been calculated by removing non-
vegetation areas from the background NOX map and calculating the zonal mean of the 1 km

2
 grid 

squares for a 30 km
2
 grid so that it complies with the criteria set out in the Directive. Mean 

concentrations on a 30 km
2
 grid have been used to prevent the influence of any urban area appearing 

unrealistically large on adjacent vegetation areas. Thus the modelled concentrations in vegetation 
areas should be representative of approximately 1000 km

2
 as specified in Directive 1999/30/EC for 

monitoring sites used to assess concentrations for the vegetation limit value. 

The modelling methods for annual mean NOX and NO2 have been developed over a number of years 
(Stedman and Bush, 2000, Stedman et al., 2001b, Stedman et al., 2001c, Stedman et al., 2002, 
Stedman et al., 2003 Stedman et al., 2005, Stedman et al., 2006a, Kent et al., 2007, Kent et al., 2008, 
Grice et al., 2009). 

 

Outline of the annual mean model 

The 1 km x 1 km annual mean background NOX concentration map has been calculated by summing 
the contributions from: 

¶ Large point sources 

¶ Small point sources 

¶ Distant sources (characterised by the rural background concentration) 

¶ Local area sources 

The area source model has been calibrated using data from the national automatic monitoring 
networks (AURN) for 2008. At locations close to busy roads an additional roadside contribution has 
been added to account for contributions to total NOX from road traffic sources. The contributions from 
each of these components are described in Section 3.2 

In order to estimate the NO2 concentrations, modelled NOX concentrations derived from the approach 
outlined above are converted to NO2 using a calibrated version of the updated oxidant-partitioning 
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model. This model describes the complex inter-relationships between NO, NO2 and ozone as a set of 
chemically coupled species (Jenkin, 2004; Murrells et al., 2008). This approach provides additional 
insights into the factors controlling ambient levels of NO2 (and O3), and how they may vary with NOX 
concentration. 

 

Hourly modelling 

No attempt has been made to model hourly concentrations for comparison with the 1-hour limit value 
in this report. This is due to the considerable uncertainties involved in modelling at such a fine 
temporal scale. 

The annual mean limit value is expected to be more stringent than the 1-hour limit value in the majority 
of situations (AQEG, 2004). This is illustrated in Figure 3.4, which is a scatter plot of the annual mean 
metric in 2008 against the 99.8

th
 percentile (equivalent to 18 exceedences) hourly mean concentration 

in the same year. This plot shows a significantly higher number of sites exceeding the annual mean 

limit value of 40 mg m
-3

 than the 200 mg m
-3

 hourly limit value. 

 

Chapter structure 

This chapter describes modelling work carried out for 2008 to assess compliance with the NOX and 
NO2 limit values described above. Section 3.2 describes the NOX modelling methods. Details of the 
methods used to estimate ambient NO2 from NOX are presented in Section 3.3. The modelling results 
are presented in Section 3.4. 
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Figure 3.1. Annual mean background NO2 concentration, 2008 (mg m
-3

) 

 
© Crown copyright. All rights reserved Defra, Licence number 100022861 [2009] 
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Figure 3.2. Urban major roads, annual mean roadside NO2 concentration, 2008 (mg m
-3

) 

 
© Crown copyright. All rights reserved Defra, Licence number 100022861 [2009] 






































































































































































