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      Overview 

The City of Durham Council is required to undertake periodic assessments and reviews of local 
air quality within the District. These reports are submitted to the Department of Environment 
Food and Rural Affairs (DEFRA). Where reviews indicate that the standards prescribed in the 
National Air Quality Strategy will not be met then a Detailed Assessment of the relevant 
pollutant or pollutants is required. The Updating and Screening Assessment produced for the 
City of Durham Council in 2006 indicated a potential exceedence of the relevant national 
standard for nitrogen dioxide.  

To undertake this work, the City of Durham Council engaged Faber Maunsell to carry out the 
review of available data, predict using robust modelling methodology future levels of nitrogen 
dioxide and make recommendations. Their report constitutes the Detailed Assessment required 
by DEFRA.  

The recommendations will be carried out by the City of Durham Council.  
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1 Introduction 

This report constitutes the Detailed Assessment of air quality, commissioned by Durham City 
Council and has been undertaken as part of the Local Air Quality Management regime, set up 
in Part IV of the Environment Act 1995. The report examines the air quality in Durham City, 
where elevated concentrations of the pollutant nitrogen dioxide (NO2) were reported in the 2006 
Air Quality Updating and Screening Assessment. 

This chapter provides an overview of the air quality legislative process and details key 
developments with regard to air quality within the City. 

1.1 Report Structure 
 Section 2 provides a background to the pollutant NO2; 
 Section 3 reviews the recent monitoring results; 
 Section 4 details the assessment methodology that has been followed; 
 Section 5 contains and analyses the results of the assessment;  
 Section 6 concludes the assessment; 
 References are provided; and 
 The Appendices contain additional information referred to within the report. 

1.2 Durham City Council 

Durham is situated in the northeast of England and shares borders with the following local 
authorities: Derwentside, Chester-le-Street and Sunderland to the north; Wear Valley to the 
west; Easington to the east; and Sedgefield to the south. The City of Durham is the main urban 
area in the administrative region, and occupies approximately 10% of the region by area. There 
are several busy road links, such as the A1(M), A690 and A691. Whilst there are several 
registered industrial processes within the region, none were highlighted in the previous two 
Updating and Screening Assessments [1,2] as being a cause for concern with regard to 
emissions of nitrogen oxides (NOX). Therefore the main source of NOX, and hence NO2, is road 
traffic. 

1.3 Overview of Air Quality Legislation and Policy 

1.3.1 Overview of Recent Air Quality Legislation and Policy 

The provisions of Part IV of the Environment Act 1995 establish a national framework for air 
quality management, which requires all local authorities in England, Scotland and Wales to 
conduct local air quality reviews. Section 82(1) of the Act requires these reviews to include an 
assessment of the current air quality in the area and the predicted air quality in future years. 
Should the reviews indicate that the standards prescribed in the Air Quality Strategy (2007) [3] 
will not be met, the local authority is required to designate an Air Quality Management Area 
(AQMA). Action must then be taken at a local level to ensure that air quality in the area 
improves. This process is known as ‘local air quality management’.  

1.3.2 The Phased Approach to Review and Assessment 

Each round of the Review and Assessment process has been split into two phases (as required 
by legislation and government guidance): an Updating and Screening Assessment and a 
Detailed Assessment. 

The aim of the first phase, the Updating and Screening Assessment (USA), is to review the 
changes in air quality that have occurred within each local authority since the previous round of 
Review and Assessment and to re-examine locations and sources that were highlighted as 
issues at that stage. 

Where the USA has identified a risk that an air quality objective may be exceeded (which had 
not been identified previously), the local authority must undertake a Detailed Assessment. The 
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aim of this assessment is to determine with as much certainty as is possible whether or not an 
air quality objective will be exceeded. If an exceedence is predicted, the local authority should 
designate an AQMA to cover the area of the exceedence. 

After the declaration of an AQMA the local authority should undertake a Further Assessment of 
air quality, the purpose being to re-assess the area of the AQMA and to determine the suitability 
of the AQMA. Following the conclusions of the Further Assessment it may be necessary to 
revoke or amend the AQMA. 

In addition, local authorities are required to produce annual air quality Progress Reports, but 
only for years when no Updating and Screening or Detailed Assessments are due. All 
monitoring data and other information important with regard to local air quality should be 
included in the Progress Reports.  

1.3.3 National Air Quality Strategy (NAQS) 

The NAQS identifies eight ambient air pollutants that have the potential to cause harm to 
human health. These pollutants are associated with local air quality problems, with the 
exception of ozone, which is recognised as being a regional problem.  

The Air Quality Strategy [3] identifies several ambient air pollutants that have the potential to 
cause harm to human health. These pollutants are associated with local air quality problems, 
with the exception of ozone, which is recognised as being a regional problem. The objectives 
for NO2, to be met by the end of 2005, are as follows: 

 An annual mean concentration of 40 μg/m3; and 
 An hourly mean concentration of 200 μg/m3 to be exceeded no more than 18 times per year. 

In 2010, EU air quality limit values on pollutant concentrations will apply in the UK. EU limit 
values are mandatory under EU law and the government will be required to meet them. The EU 
limit values for NO2 are the same as the national objectives for 2005. 

1.4 Review of Previous Durham City Council Assessments 

During the second round of Review and Assessment, the 2004 Updating and Screening 
Assessment (USA) [1] determined that the UK Air Quality Objectives were unlikely be exceeded 
within the City of Durham administrative area. The Air Quality Progress Report 2005 [4] 
recommended that a Detailed Assessment should be produced with regards to NO2 based on 
results from new diffusion tube sites.  However, following consultation with Defra, an enhanced 
diffusion tube monitoring programme was agreed that would better determine the requirement 
for a Detailed Assessment. 

Following the 2006 USA[2] Defra requested that a Detailed Assessment be carried out for NO2, 
due to a risk of the NO2 annual mean standard being exceeded at a number of the new 
diffusion tube locations in Durham, as a result of emissions from road traffic. Detailed 
Assessments have not been required for any other pollutant.  

1.5 Other Local and Regional Issues 

1.5.1 Local Transport Plan 

Local Transport Plan 2 (LTP2), for the years 2006-11 [5], has been produced by Durham County 
Council. The importance of air quality is highlighted as it is one of the five shared priorities of 
LTP2: improved accessibility and public transport, improved road safety, reduced congestion, 
improved air quality, and improved quality of life and health. LTP2 states that air quality does 
not currently pose a serious problem in the region, however it does recognise that it has a 
critical influence over the environment of the region, particularly local and regional air quality. 
LTP2 discusses the need to reduce congestion to allow traffic to flow more freely, and the 
additional benefits this will bring for local air quality. It also recognises the need to reduce 
emissions to tackle climate change. 

LTP2 identifies a number of transport driven initiatives that will have an impact on air quality in 
County Durham, such as the EAST Initiative (exploring the use of alternative fuels), 
encouraging the use of low emission vehicles especially for larger fleet operators, the promotion 
of car sharing/car pool schemes and other green travel plans, and improvements to the cycling 
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and footpath networks. Also identified are certain opportunities to reduce traffic, such as more 
widespread use of tele-working, particularly in more rural areas.  

There are also a number of ‘daughter strategies’ introduced during LTP1 (2001-2006), which 
are currently being reviewed, which have the potential to impact on air quality in the District: the 
Cycling Strategy, the Public Transport Strategy, the Walking Strategy, and the Network 
Management Plan. 

1.5.2 Integrated Regional Framework 

Launched by Sustainability North East (Sustaine), the Integrated Regional Framework (IRF) [6] 
for the North East seeks to establish sustainable development principles at the core of the 
region’s policies, plans and programmes. Its vision is that the "North East will be a region where 
present and future generations have a high quality of life, where there is an integrated approach 
to achieving social, economic and environmental goals; and where global responsibilities are 
recognised." The IRF contains 17 objectives with indicators and targets attached to each, 
several of which are relevant to air quality: 

 Objective 5 - ensure good local air quality for all; 

 Objective 7 - reduce the causes and impacts of climate change; and 

 Objective 15 - ensure good accessibility for all to jobs, facilities, goods and services in the 
region. 

Progress will be monitored with reference to sustainability indicators, such as the number of 
days when air pollution is moderate or high and the percentage of households within 13 
minutes walk of a regular bus service. 

1.5.3 Regional Freight Strategy 

The Northern Freight Group prepared the Regional Freight Strategy [7]. Its aims are to "promote 
freight interests in the North and to discuss and provide guidance on the issues affecting the 
movement of freight throughout the Region". The strategy contains a number of strategic 
objectives, the majority of which have the potential to impact upon air quality, such as Objective 
RD9: Assess opportunities for priority access to be given to freight vehicles. Specifically, 
Objective RD12 considers Local Air Quality Management, and states that the region will be 
reviewed with a view to determining where improvements to the efficiency of freight operations 
can assist in meeting air quality targets. For Durham City where the air quality objectives are 
not being met, this objective is significant.  
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2 Nitrogen Dioxide 

The Government and the Devolved Administrations adopted two Air Quality Objectives for NO2 
to be achieved by the end of 2005. In 2010, mandatory EU air quality limit values on pollutant 
concentrations will apply in the UK. The EU limit values for NO2 are the same as the national 
objectives for 2005: 

 An annual mean concentration of 40 µg/m3; and 
 An hourly mean concentration of 200 µg/m3, to be exceeded no more than 18 times per year. 

In practice, meeting the annual mean objective has been and is expected to be considerably 
more demanding than achieving the 1-hour objective. The annual mean objective of 40 µg/m3 is 
currently widely exceeded at roadside sites throughout the UK, with exceedences also reported 
at urban background locations in major conurbations. The number of exceedences of the hourly 
objective show considerable year-to-year variation, and is driven by meteorological conditions, 
which give rise to winter episodes of poor dispersion and summer oxidant episodes. The air 
quality objectives have been set with regard to the adverse effect of NO2 on human health.  

National projections for 2010 indicate that the mandatory EU limit value may be exceeded at 
urban background sites in London, and at roadside locations in other towns and cities. 

NO2 and nitric oxide (NO) are both oxides of nitrogen, and are collectively referred to as NOX. 
All combustion processes produce NOX emissions, largely in the form of NO, which is then 
converted to NO2, mainly as a result of its reaction with ozone in the atmosphere. Therefore the 
ratio of NO2 to NO is primarily dependent on the concentration of ozone and the distance from 
the emission source. 

In addition, a trend has recently been noted whereby roadside NO2 concentrations have been 
increasing at certain roadside monitoring sites, despite emissions of NOX falling. The ‘direct 
NO2’ phenomenon is having an increasingly marked effect at many urban locations around the 
country and must be considered when undertaking modelling studies and in the context of 
future local air quality strategy.  

The most recent AQEG report[8] examined the phenomenon and considered potential reasons 
for the observed trend. The report found that the most plausible explanation is connected with 
the proportion of NO2 (in NOX) emitted from vehicle exhausts. It had previously been assumed 
that the NO2 fraction was approximately 5%, however, it is suggested that the fraction can be 
as high as 70% for Euro III diesel cars (which are fitted with oxidation catalysts). In addition, the 
fitting of diesel particulate filters to buses (especially in London, where over 90% of buses 
operate with such traps) substantially increases the NO2 fraction. The trend is far more marked 
in London than elsewhere, leading to the conclusion that the retro-fitting of London’s buses with 
catalytically regenerative particulate traps has had a greater impact on ‘direct NO2’ than the 
catalysts within Euro III diesel cars. The report did also consider whether increases in 
background ozone could be responsible (greater ozone concentrations would lead to a more 
rapid conversion of NO to NO2), but this was ruled out. 

As shown in Figure 1, estimates for 2004 show that road transport accounts for the largest 
proportion (37%) of total UK NOX emissions, with energy industries being the second largest 
contributor. After peaking in the late 1980s, road transport emissions have declined significantly 
in recent years as a result of various policy measures and further reductions are expected in 
future years; road transport emissions are estimated to fall by approximately 50% between 
2000 and 2010. 

Emissions from industrial sources have also declined significantly, due to the fitting of low NOX 
burners, and the increased use of natural gas plant. Industrial sources generally make a small 
contribution to ground level NO2 levels, although breaches of the hourly NO2 objective may 
occur under rare meteorological conditions due to emissions from these sources. 
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Figure 1: National Trend of NOX Emissions (1970 – 2004) 
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3 Monitoring Review 

NO2 monitoring within Durham has been undertaken at several locations with diffusion tubes, 
but not at any locations with a continuous monitor. The monitoring locations are shown on the 
maps in Appendix A. 

The diffusion tubes were provided and analysed by Jesmond Dene using a 50% TEA in water 
preparation. A summary of the data for 1993-2006 is provided in Table 1. 

The data for 2003-2006 have been bias-adjusted using the most recent factors provided by 
Defra (spreadsheet version number 03/07, UWE Air Quality Review and Assessment Helpdesk 
Website[10]). The factors for years prior to 2006 have changed slightly to those used in previous 
Review and Assessment reports [1,2,4], and therefore the annual mean results are slightly 
different to those previously reported. 

Data for certain sites where there has been low data capture, or for sites which were 
commissioned mid-way through a year, have been seasonally adjusted using urban 
background AURN data from Stockton-on-Tees (Yarm) and Sunderland (Silkworth) using 
guidance detailed in LAQM.TG(03) Box 6.5.   

In Table 1, data in excess of the 2005/2010 annual mean standard are indicated with shading. 
Unless indicated otherwise in the table notes, the annual mean values are based on 10 months 
data or more. 

Clear trends are hard to identify; nevertheless for most sites annual mean concentrations rose 
between 1993 and 2003, dropped between 2003 and 2005, but then rose again in 2006.  

Values in excess of the annual mean standard have been recorded at four sites: D1, D5, D12 
and D13. Sites D12 and D13 represent sites of relevant exposure, and are located at the 
façades of the recently constructed Highgate residential properties. D1 is not at a location of 
relevant exposure, but is useful for model verification. D5 is located on North Road, adjacent to 
the bus station. There are no residential properties on North Road and it is not considered 
relevant in terms of the annual mean NO2 objective. 

 

 



Table 1: NO2 Diffusion Tube Annual Mean Bias-Adjusted Results (µg/m3) 

Year 

Tube ID, Location, Grid Reference and Site Type (R, Roadside; UB, Urban Background) 
D1  

Milburngate
D2  

Claypath 
D3  

Byland 
Lodge 

D4  
McNally 
Place 

D5  
North 
Road 

D6  
A167 

D7  
Rennys 

Lane 

D8  
Alma 
Place 

D9  
Sniperley

D10  
Howlands 

Farm 

D11  
Ramside

D12  
Highgate 

South 

D13  
Highgate 

North 
427210, 
542643 - 426541, 

542304 
428650, 
542925 

427038, 
542563 

425970, 
542520 

429860, 
542840 

429840, 
543260 

425997, 
544143 

427020, 
540780 

430830, 
544540   

R - UB UB R R R R R R R R R 
1993 35.2 22.6 20.6 16.9          
1994 14.3 11.2 11.3 10.4          
1995 25.1 17.0 11.2 15.0          
1996 30.4 17.9 13.7 16.6          
1997 33.7 24.1 16.4 17.4 42.3         
1998 35.4 22.1 14.9 15.7 43.2         
1999 34.8 20.3 15.9 18.0 41.0         
2000 35.0 22.9 14.1 18.5 37.0         
2001 38.6  19.4 22.5 34.2         
2002 42.8  26.1 28.6 31.1         
2003 52.3  18.2 20.6 47.3 36.5        
2004 41.7  19.1 18.2 41.1 22.5        
2005 46.0  16.2 16.8 38.7 21.6 23.9 25.9 21.7 19.3 28.3 43.1a 56.9a 

2006 50.2b  18.5 20.3 43.5 22.7 27.2 34.6 21.7 26.4 32.4 37.7 46.3 
Notes: Sites within the study area are shown in bold; Mean values over the 2005/2010 objective/limit value are indicated with shading; a – monitoring commenced in August 
2005, the annual mean values have been seasonally adjusted using urban background AURN data from Stockton-on-Tees (Yarm) and Sunderland (Silkworth) using guidance 
detailed in LAQM.TG(03) Box 6.5; b - based on 8 months’ data, the annual mean values have been seasonally adjusted using urban background AURN data from Stockton-
on-Tees (Yarm) and Sunderland (Silkworth) using guidance detailed in LAQM.TG(03) Box 6.5. 

 



0

10

20

30

40

50

60

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year

N
O

2 C
on

ce
nt

ra
tio

n 
( μ

g/
m

3 )

D1 - Milburngate D2 - Claypath D3 - Byland Lodge

D4 - McNally Place D5 - North Road D6 - A167

D7 - Rennys Lane D8 - Alma Place D9 - Snipperly

D10 - Howlands Farm D11 - Ramside D12 - Highgate South

D13 - Highgate North

 

Figure 2: NO2 Diffusion Tube Monitoring Trends 
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4 Modelling Methodology 

4.1 Overview 

The AAQuIRE 6.1.1 regional air quality dispersion modelling package was used to predict 
concentrations of NO2 arising from road traffic for the base year (2006) and for the future EU 
limit value year (2010).  

The AAQuIRE regional dispersion model was developed by Faber Maunsell and has been used 
widely for the past 15 years. The model uses the dispersion algorithms CALINE4 (for line 
sources) and AERMOD (for point, area and volume sources), which have both been 
independently and extensively validated. A more detailed description of the AAQuIRE 
dispersion model is included in Appendix B. 

4.2 Modelling Procedure 

There are four main categories of air pollutant sources: road traffic sources, industrial sources 
(Part A and B processes), diffuse sources (e.g. domestic heating), and other mobile sources 
(e.g. airports, rail and shipping). For this study, emissions from road traffic sources have been 
assessed in detail, contributions from the other pollutant sources have been amalgamated into 
the background concentration (see Section 4.4). 

All the modelling was performed on a two-dimensional receptor grid, with a grid spacing of 
10 metres to ensure that a high level of spatial resolution was obtained, as recommended by 
the LAQM.TG(03)[12] guidance. The results produced allowed the generation of pollutant 
concentration contour plots. Concentrations were also predicted at a selection of sensitive 
receptors (such as at the façades of residential properties) and at diffusion tube locations. A 
map and description is provided in Section 5.3. 

4.3 Meteorological Data 

A meteorological dataset was compiled using data from Newcastle Airport. Data from several 
recent years were studied and 2006 was considered to give a good representation of typical 
meteorological conditions for the area in any one year. 2006 also corresponds to the modelled 
base year. 

The windrose for this location is shown in Appendix C along with further details about the 
methodology used to compile the meteorological data ready for the model. 

4.4 Background Concentrations 

A large number of small sources of air pollutants exist which individually may not be significant, 
but collectively, over a large area, need to be considered. These sources were accounted for by 
including background concentrations, which are given in Table 2. The NO2 value for 2006 was 
the average of the recorded annual mean concentrations measured at the two urban 
background monitoring sites (Byland Lodge and McNally Place). This value was in excellent 
agreement with data provided on the National Air Quality Archive[13], where estimates of 
background pollutant concentrations are available with a spatial resolution of one square 
kilometre. Therefore a high degree of confidence can be placed on the background pollutant 
values used.  

The background concentrations for 2010 were determined from the base year data by applying 
a scaling factor as outlined in the technical guidance: LAQM.TG(03)[12]. 

Table 2: Background Concentrations (µg/m3) 
 Base Year 2006 Limit Value Year 2010 

NO2 19.4 17.4 
NOX 26.1 21.6 
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4.5 Traffic Data 

Traffic data used in the modelling study were provided by Durham County Council. The data 
and further details are presented in Appendix D.  

Road transport represents the major source of pollution in the study area and it was therefore 
imperative that the emissions data were as accurate as possible. Speed related emission 
factors were derived from the latest factors supplied on the National Atmospheric Emissions 
Inventory website[14]. 

Emissions of some pollutants are higher when the engine is ‘cold’, yet cars take about three 
minutes or 1.6 km before the engine is ‘hot’. This engine warming factor was accounted for by 
using a variable vehicle composition profile for each road, and for each year. Enhancement of 
pollutant emissions due to cold starts is given in Table 3. This table summarises vehicle 
emissions testing, which has demonstrated, for example, that a Light Duty Vehicle (LDV) with a 
cold catalyst will emit 1.3 times the quantity of NOX as the same LDV once the catalyst has 
warmed up. 

Table 3: Ratio of Emissions of Cold Engines Relative to Hot Engines 
LDV Category NOX 
Non catalyst petrol 1.0 
Catalyst petrol 1.3 
Diesel 1.2 
 

4.6 Conversion of NOX to NO2 

As the local authority has some control over emissions of NOX but little or no control over the 
atmospheric oxidants that oxidise NO to NO2, it is more appropriate to review NO2 by first 
modelling NOX.  

The proportion of NO2 in NOX varies greatly with location and time according to a number of 
factors including the amount of ozone available and the distance from the emission source. 
NOX concentrations are expected to decline in future years due to falling emissions, therefore 
NO2 concentrations will not be limited as much by ozone and consequently it is likely that the 
NO2/NOX ratio will in the future increase. In addition, a trend has recently been noted whereby 
roadside NO2 concentrations have been increasing at certain roadside monitoring sites, despite 
emissions of NOX falling (refer to Section 2 for further details). The ‘direct NO2’ phenomenon is 
having an increasingly marked effect at many urban locations around the country and must be 
considered when undertaking modelling studies.  

In this study the modelled NOX values have been converted to NO2 using a newly derived 
relationship, to account for the recent trends discussed above. The relationship, to be used for 
roadside receptors, was published in March 2007 by Air Quality Consultants Ltd.[15].  

4.7 Model Error and Verification 

The results from the modelling study will be subject to error due to uncertainties in modelling 
dispersion algorithms and the input data. Therefore, it is imperative that the performance of any 
modelling study is verified by comparison with local monitoring data.  

4.8 Source Apportionment 

A source apportionment study has been carried out at certain sensitive receptors where it is 
predicted that the annual mean objective will not be achieved, to determine the contributions 
made by cars, HGVs (and buses), and background sources to the predicted NOX 
concentrations. This has allowed the decrease in NOX that is required to achieve the NO2 
annual mean objective to be determined. 
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5 Results 

5.1 Data Verification 

As discussed in Section 4.7, when undertaking a dispersion modelling study, it is necessary to 
make a comparison between the modelling results and the monitoring data, to ensure that the 
model is reproducing actual observations. The accuracy of the future year modelling results are 
relative to the accuracy of the base year results, therefore greater confidence can be placed in 
the future year concentrations if good agreement is found for the base year.  

Modelling results are subject to systematic and random error; systematic error arises due to 
many factors, such as uncertainty in the traffic data and the composition of the vehicle fleet, and 
uncertainty in the meteorological dataset. This can be addressed and, if necessary, adjusted for 
by comparison with monitoring data. Table 4 compares the modelling and monitoring results for 
the two study areas. 

Table 4: Model Verification 

Monitoring Site 

Annual Mean NO2 / µg/m3 % Difference 
compared with 

monitoring from: Modelled Monitored 

2006 2003 a 2004 a 2005 a 2006 2005 a 2006 
D1 Milburngate 33.4 47.7 38.1 44.7 50.2 c -25% -34% 
D12 Highgate 
South 28.2   41.9 b 37.7 -32% -25% 

D13 Highgate 
North 29.2   55.3 b 46.3 -46% -37% 

Notes: 
a - The 2003, 2004 and 2005 monitored values have been scaled to 2006 values according to the 
methodology in technical guidance: LAQM.TG(03)[12], to allow comparison with the 2006 modelled results;  
b - monitoring commenced in August 2005, the annual mean values have been seasonally adjusted using 
urban background AURN data from Stockton-on-Tees (Yarm) and Sunderland (Silkworth) using guidance 
detailed in LAQM.TG(03) Box 6.5; and 
c - based on 8 months’ data, the annual mean values have been seasonally adjusted using urban 
background AURN data from Stockton-on-Tees (Yarm) and Sunderland (Silkworth) using guidance 
detailed in LAQM.TG(03) Box 6.5. 

The model consistently under-estimated concentrations when compared to the monitoring 
undertaken in 2005 and 2006. Due to this discrepancy, the modelled results were adjusted. The 
adjustment procedure took account of the monitoring results for the three sites listed in Table 4 
for 2006. The steps in the adjustment procedure, carried out for each monitoring site for 2006 
are described below. 

Firstly, the adjustment factor was determined: 

 NOX [monitored, traffic contribution] = NOX [monitored] – NOX [background] 
 NOX [modelled, traffic contribution] = NOX [modelled] – NOX [background] 

  Adjustment Factor = NOX [monitored, traffic contribution] / NOX [modelled, traffic contribution] 

(The adjustment factor was determined by taking the average of the factors determined for 
each monitoring site.) 

Secondly, the modelled data were adjusted using the average adjustment factor: 

 NOX [model adjusted, traffic contribution] = NOX [modelled, traffic contribution] x Average Adjustment Factor 
 NOX [model adjusted] = NOX [model adjusted, traffic contribution] + NOX [background] 

In summary, an adjustment factor was calculated for each of the three monitoring sites for 
2006, and the average of the three factors used to adjust the modelled results. The modelled 
NOX traffic contribution data were multiplied by the adjustment factors, and the background NOX 
added to give the adjusted NOX concentrations (NOX [model adjusted]). The adjusted NOX 
concentrations were converted to NO2 as described in Section 4.6. 
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The procedure followed is in accordance with that detailed in technical guidance note 
LAQM.TG(03). An average adjustment factor of 2.3 was determined. 

5.2 Random Error of the Model 

In addition to the systematic errors, as described above, the model is still likely to predict 
concentrations slightly different to actual ambient values. This is termed random error, and must 
be considered. It is possible to account for the degree of random error, according to guidance 
provided by the NSCA.  

‘Stock U Values’, figures provided by NSCA, allow the standard deviation of the model (SDM) to 
be calculated. The Stock U Value for NO2 is between 0.1 and 0.2 for an annual mean (it is 
higher for shorter averaging periods). The SDM can be calculated according to: 

 SDM = U x Co 

Where Co is the air quality objective; so 40 µg/m3 for the NO2 annual mean objective. 
Therefore: 

 SDM = 0.1 x 40 = 4 µg/m3 

This introduces an uncertainty of ±4 µg/m3 which should be considered when identifying areas 
where an exceedence of the air quality objective can be considered likely.  

5.3 Modelling Results for Nitrogen Dioxide 

This assessment considers the annual mean and hourly air quality standards. For NO2, the 
standards to be achieved by the end of 2005 are an annual mean of 40 µg/m3, and an hourly 
mean of 200 µg/m3 to be exceeded no more than 18 times per year. It is generally considered 
that the annual mean objective is more stringent, and so if it is met, it can be assumed that the 
hourly objective will also be met. 

For all areas, and at each sensitive receptor, pollutant concentrations for the EU limit value year 
(2010) are predicted to be lower than for the base year. These decreases are due to reductions 
in the background concentrations and greater vehicle emission controls despite increases in 
traffic flows. 

5.3.1 Sensitive Receptors 

Emphasis in the Review and Assessment guidance has been placed on non-occupational, near 
ground level outdoor locations where the public might be exposed for a substantial part of the 
day. Such sensitive locations include: 

 residential properties; 
 shopping areas; 
 recreational facilities; and 
 schools and hospitals. 

The locations of the sensitive receptors where concentrations have been predicted are shown 
in Figure 3. Receptors 1 and 6 are located at the façades of student accommodation, which are 
considered to be sites of relevant exposure due to the possibility of them being occupied for the 
majority of the year, even if not by the same persons. Receptor 6 was entered into the model at 
a height of 10 metres above the road, due to the fact that at this location the A690 runs through 
a cutting. Receptors 2-5 are located at the façades of residential properties; Receptor 5 is 
located on the façade of a new residential development (Clements Wharf), which is not marked 
on the OS mapping. D12 and D13 are monitoring locations which represent relevant exposure. 
The residential building which diffusion tube D12 is mounted on, is in an elevated position with 
respect to the road, therefore it was entered into the model at a height of 3 metres above the 
road. 

Predicted annual mean NO2 concentrations at each sensitive receptor, and grid references, are 
presented in Table 5. The method of verification is detailed in Section 5.1. 

In 2006 predicted annual mean concentrations at four of the receptors were above or equal to 
the annual mean NO2 standard (40 µg/m3). These receptors are located at the façades of 
residential properties (the Highgate Development and Clements Wharf). The highest 
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concentration was predicted at receptor/diffusion tube D13 (42.3 µg/m3). By 2010 it is predicted 
that concentrations will be below the annual mean limit value at all receptors. 

These decreases are predicted due to reductions in background concentrations and greater 
vehicle emission controls despite increases in traffic flows. However, the monitoring indicates 
that pollutant concentrations in Durham have not been decreasing as expected in recent years 
(Table 1) and therefore the decreases predicted for 2010 must be treated with extreme caution. 

Figure 3: Receptor Locations 
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Table 5: Predicted Concentrations at Sensitive Receptors  

Receptor No. X Y 
Annual Mean NO2 / µg/m3 

Base year 
2006 

EU Limit Value 
year 2010 

1 426809 542475 38.1 32.4 
2 426865 542579 31.3 27.0 
3 427027 542647 30.9 26.5 
4 427135 542766 41.0 34.6 
5 427325 542622 41.7 35.4 
6 427484 542606 31.5 26.9 

D12 427133 542690 40.0 33.9 
D13 427126 542837 42.3 35.7 

 

5.3.2 Modelled Areas 

Figures 9 & 10 in Appendix E show the predicted annual mean NO2 concentrations for the base 
year, 2006 and the EU Limit value year, 2010. The method of verification is detailed in 
Section 5.1.  

In 2006, maximum predicted roadside concentrations ranged from approximately 50-64 µg/m3. 
The highest concentrations were predicted on Milburngate Bridge. In 2010, maximum predicted 
roadside concentrations ranged from approximately 48-56 µg/m3. 

The predicted area of exceedence of the annual mean objective in 2006 incorporates two 
residential areas or developments: the Highgate Development and Clements Wharf. By 2010 
the model predicted that the annual mean EU limit value would not be breached at any 
sensitive locations.  
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The locations of the sensitive receptors are also shown on the pollutant contour plots 
(Figures 9 & 10). It should be noted that receptors D12 and 6 have been inputted into the model 
at 3 and 10 metres respectively above road level. Therefore the predicted concentrations at 
these receptors (Table 5) are lower than suggested in Figures 9 & 10.  

5.4 Source Apportionment 

A source apportionment study has been carried out at the sensitive receptors where 
concentrations in excess of the annual mean standard were predicted. The contributions made 
by cars, HGVs and background sources to the predicted NOX concentrations have been 
calculated, for the year 2006. The required reduction in the contribution to the NOX 
concentration made by local traffic, to meet the NO2 annual mean objective, has also been 
determined. The results of the study are summarised in Table 6. 

Table 6: NOX Source Apportionment Study 

Receptor 
Number 

Cars HGVs Total 
Traffic Background required % traffic 

contribution 
reduction  µg/m3 % µg/m3 % % µg/m3 % 

4 19.7 21 48.0 51 72 26.1 28 5 
5 22.9 24 47.2 49 73 26.1 27 8 

D12 18.3 20 45.4 51 71 26.1 29 0 
D13 21.4 22 49.7 51 73 26.1 27 11 

 
For all receptors the greatest contributor to the predicted NOX concentrations was emissions 
from HGVs (~50%), followed by background sources (~28%) and emissions from cars (~22%). 
At receptor D13, where the highest concentrations were predicted, an 11% reduction in 
emissions from local traffic was calculated to be necessary to reduce the NO2 concentration at 
the worst case receptor below the annual mean standard. 

By 2010, the model predicted that the annual mean objective/limit value would be achieved at 
all receptors, without the need for additional measures to reduce concentrations. As discussed 
earlier it should be noted that the decreases predicted for 2010 must be treated with extreme 
caution, seeing as concentrations of NO2 have not been decreasing as previously expected in 
recent years. 

These reductions could be achieved by reducing vehicle flows, and implementing measures to 
enable the traffic to flow more freely. Since HGVs are the largest contributor to the predicted 
NOX concentrations, small reductions in these numbers would result in significant reductions in 
pollutant concentrations. Traffic management options should therefore be carefully considered. 

It should be noted that percentage reductions in the traffic contribution are subject to error, due 
to modelling uncertainty and uncertainty in the monitored results (against which the modelled 
results were verified and adjusted). 
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6 Conclusions 

6.1 Monitoring 

 Of the 12 current diffusion tube sites, exceedences of the NO2 annual mean objective have 
been recorded at four sites in recent years; two of which are at locations of relevant 
exposure. For most sites annual mean concentrations dropped between 2003 and 2005, but 
then rose again in 2006. 

 The two sites representing relevant exposure are located on the façade of the Highgate 
residential development. Monitoring commenced in August 2005, and so the mean for 2005 
should be treated with caution. In 2006 a maximum concentration of 46.3 μg/m3 was 
predicted. 

 No continuous monitoring of NO2 has been undertaken within the City District. 

6.2 Modelling 

 Detailed dispersion modelling of the area near to the Highgate Development and Milburngate 
Bridge has been carried out using the AAQuIRE dispersion modelling software.   

 Typically the model under-predicted NO2 concentrations when compared with the local 
monitoring. An adjustment factor was calculated based on a comparison with the monitoring 
data within the modelled study area, and the modelled results were adjusted. 

 Modelled NO2 concentrations were predicted to drop between 2006 and 2010 due to 
reductions in background concentrations and greater vehicle emission controls, despite 
increases in traffic flows. 

 Exceedences of the NO2 annual mean standard were predicted in 2006 at two residential 
developments, the Highgate Development and Clements Wharf. By 2010 the model 
predicted that the annual mean EU limit value would not be breached. However the 
monitoring indicates that NO2 concentrations in Durham have not been decreasing as 
previously expected in recent years and therefore the decreases predicted for 2010 must be 
treated with extreme caution.  

 The highest NO2 concentration predicted at a sensitive receptor in 2006, was 42.3 µg/m3. 
alongside the Highgate Development.  

 The source apportionment study found that local traffic was the most significant source of 
NOX at the sensitive receptors of concern. Specifically, emissions from HGVs contributed to 
the greatest extent. The reduction required in the contribution to the NO2 concentration made 
by local traffic at the sensitive receptors studied, so as to achieve the objective, was 
calculated to be a maximum of just over 10% in 2006.  

 Such a reduction could be sought by reducing vehicle flows and implementing measures to 
enable the traffic to flow more freely. Since HGVs are the largest contributor to the predicted 
NOX concentrations, small reductions in these numbers would result in significant reductions 
in pollutant concentrations. Traffic management options should therefore be carefully 
considered. 

6.3 Recommendations 

It is recommended that the Council continue monitoring with diffusion tubes. In addition to the 
existing locations, the Council should also monitor NO2 concentrations at the façade of the 
recently built Clements Wharf, at a height approximately level with the main road (the road is 
elevated at this point). They may also consider monitoring at Receptors 1 and 6 (which 
correspond to student accommodation (Figure 3)). Receptor 6, in particular, is located close to 
the A690, but at a height of approximately 10 metres above road level. It would be prudent to 
consider monitoring here to confirm that there is no necessity to extend the AQMA.  

Based on the monitoring carried out and the results of the dispersion modelling, together with 
the uncertainty regarding the predicted decrease in concentrations by 2010, it is recommended 
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that an AQMA be declared for NO2, to cover an area as indicated in Figure 4, encompassing 
the Highgate residential development and Clements Wharf residential development.  

An Air Quality Action Plan will be produced where measures and actions to reduce NO2 
concentrations will be formulated, taking into account their cost effectiveness. 

Figure 4: Proposed AQMA 

Reproduced from the Ordnance Survey Map with Permission of the Controller of Her Majesty's
Stationery Office. © Crown Copyright Reserved. Licence Number 100022202
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Appendices 

Appendix A: Monitoring Location Maps 

Figure 5: Monitoring Sites near to the City Centre 
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D1, D5, D12 and D13 are roadside sites; D5 is an urban background site. 

Sites D12 and D13 represent sites of relevant exposure, and are located at the façades of the 
recently constructed Highgate residential properties. D1 is not at a location of relevant 
exposure, but it is useful for model verification. D5 is located on North Road, adjacent to the 
bus station. There are no residential properties on North Road and it is not considered relevant 
in terms of the annual mean NO2 objective. 

Figure 6 on the following page shows the locations of the diffusion tubes outside the city centre.

 



Figure 6: Monitoring Sites throughout Durham District 
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Appendix B: AAQuIRE 6.1.1 Software 

The AAQuIRE 6.1.1 software is a system that predicts Ambient Air Quality in Regional 
Environments and comprises a regional air quality model and statistical package. 

AAQuIRE was developed by Faber Maunsell Ltd to meet three requirements in predictive air 
quality studies. The first requirement was an immediate need for a system that produced results 
that could be interpreted easily by non-air quality specialists to allow for proper informed 
inclusion of air quality issues in wider fora, the main example being to allow consideration of air 
quality issues in planning processes. This was achieved by allowing results to be generated 
over a sufficiently large study area, and at an appropriate resolution, for the issue being 
considered. The results are also presented in a relevant format, which is normally a statistic 
directly comparable with an air quality criterion or set of measured data being considered. For 
example, the UKNAQS PM10 24-hour objective level of 50 µg/m3 is expressed as a 90th 
percentile of hourly means. AAQuIRE can also produce results directly comparable with all 
ambient air quality standards. 

The second requirement was for a system to be based, initially, on existing and well-accepted 
and validated dispersion models. This has two advantages. The primary one is that it avoids the 
need to prove a new model against the accepted models and therefore enhances acceptability. 
The second advantage is that when appropriate new models are developed they can be 
included in AAQuIRE and be compared directly with the existing models, and sets of measured 
data, using the most appropriate statistics. 

The final primary requirement for AAQuIRE was a consideration of quality assurance and 
control. An important aspect of modelling is proper record keeping ensuring repeatability of 
results. This is achieved within AAQuIRE by a set of log files, which record all aspects of a 
study and allow model runs to be easily repeated. 

The ways in which AAQuIRE and the models currently available within it operate are discussed 
below. 

The operation of AAQuIRE can be divided into five main stages. These are: 

 the preparation of the input data; 
 the generation of model input files; 
 dispersion modelling; 
 the statistical treatment of dispersion modelling results; and 
 the presentation of results. 

The first step in operating AAQuIRE is to prepare the input data. The following data are needed 
for the year and pollutant to be modelled: 

 meteorological data expressed as occurrence frequencies for specified combinations of wind 
speed, direction, stability and boundary layer height; 

 road system layout and associated traffic data within and immediately surrounding the study 
area; 

 industrial stack locations and parameters; and 
 a grid of model prediction locations (receptors). 

The modelling is always carried out to give annual average results from which appropriate 
shorter period concentrations can be derived.  

The second stage is the generation of the model input files required for the study. All the data 
collated in the first stage can be easily input into AAQuIRE, using the worksheets, drop down 
boxes and click boxes in the Data Manager section of the software. Data from spreadsheets 
can be easily pasted into worksheets, so that any complicated procedures required for data 
manipulation can be achieved before entry into AAQuIRE. Several diurnal and seasonal profiles 
can be defined for each separate source. The relevant meteorological data can also be 
specified at this stage. 

The third stage is executing the models. The study area will usually be divided up into 
manageable grids and run separately using the Run Manager in AAQuIRE. The results from the 
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separate files can be combined at a later stage. Pollutant concentrations are determined for 
each receptor point and each meteorological category and are subsequently combined. 

The fourth stage is the statistical processing of the raw dispersion results to produce results in 
the relevant averaging period. Traffic sources and industrial sources can be combined at this 
stage provided the same receptor grid has been used for both. Background concentrations 
should also be incorporated at this stage. 

The final stage is presentation of results. Currently the result files from the statistical 
interpretation are formatted to be used directly by the Surfer package produced by Golden 
Software Inc. Alternative formats are available to permit interfacing with other software 
packages. On previous projects the results have been imported into a GIS (e.g. ArcView and 
Map Info). 

Currently AAQuIRE uses the CALINE4 model for the dispersion of road-traffic emissions and 
AERMOD for all other sources. Both these models are fully validated and have been 
extensively used worldwide. These are relatively complex models designed for detailed studies 
of local areas, which are used within AAQuIRE for both local and larger scale studies. This is 
considered necessary because of the frequent importance of local effects, such as traffic 
junctions, in properly assessing ‘regional’ effects. 
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Appendix C: Meteorological Data 

Meteorological data measured at Newcastle Airport, 2006, were used in this modelling study. 
The data consisted of the frequencies of occurrence of wind speed (0-2, 2-4, 4-6, 6-10, 
10+ m/s), wind direction (30° resolution) and Pasquill stability classes. Pasquill stability classes 
categorise the stability of the atmosphere from A (very unstable) through D (neutral) to G (very 
stable). 

Calm winds were distributed evenly between the wind direction sectors in the 1 m/s category. 
The stability classes used were C, D and E where all of the unstable classes were grouped in C 
and all of the stable classes in E.  

The meteorological data were used to produce a wind/stability rose (below). This illustrates the 
wind direction and wind speed as a function of the proportion of the year. These data are also 
tabulated to show the total number of hours and the wind speed split for each wind direction 
sector. 

Figure 7: Newcastle Airport 2006 Windrose 
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Table 7: Number of Hours in each Wind Direction and Wind Speed Category 

  Wind Speed (m/s) 
0-2 2-4 4-6 6-8 8-10 10-12 >12 

W
in

d 
D

ire
ct

io
n 

(d
eg

re
es

) 

345-0-15 97 88 88 68 29 3 0 
15-45 118 112 67 30 15 0 0 
45-75 154 136 84 37 8 1 0 

75-105 187 113 57 12 2 1 0 
105-135 388 165 56 19 0 0 0 
135-165 368 91 7 0 0 0 0 
165-195 427 291 195 79 23 4 1 
195-225 379 232 166 94 24 5 2 
225-255 411 283 239 126 62 29 15 
255-285 595 442 422 310 200 71 35 
285-315 269 194 134 59 7 3 0 
315-345 142 79 53 31 18 8 0 

Total 3535 2226 1568 865 388 125 53 

 



Faber Maunsell   Detailed Assessment of Air Quality  25 

Appendix D: Traffic Data 
 
Traffic data used in the modelling study were provided by Durham County Council. Table 8 
details the data used. 

Table 8: Traffic Data used in the Modelling Study 

Road AADT HGV % Speed 
(km/hr) 2006 2010 

A690 Milburngate Bridge EB 24,092 25,601 7 32 
A690 Milburngate Bridge WB 18,930 20,115 7 32 
A691 Durham Co Hall R/BT 28,177 29,941 7 48 
A691 Framwellgate Peth SEB 13,824 14,690 7 32 
A691 Framwellgate Peth NWB 11,776 12,514 7 32 
A690 St Margaret’s Hospital SWB 5,973 6,347 7 40 
A690 St Margaret’s Hospital NEB 11,093 11,788 7 40 
A690 Castle Chare WB 7,180 7,630 8 32 
A690 Castle Chare EB 8,776 9,325 8 32 
North Road Durham 6,217 6,606 10 40 
Milburngate Durham 4,846 5,149 7 16 
Sutton Street 3,806 4,044 5 32 
Notes: The average speeds are estimations based on observations of the traffic; reductions were made to 
account for frequently queuing traffic. 

Figure 8: Map of Roads Modelled 
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Appendix E: Pollutant Contour Plots
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Figure 9: Annual Mean NO2 Concentration Plot, 2006  
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Figure 10: Annual Mean NO2 Concentration Plot, 2010 
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