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1. Setting the Scene 

Introduction 
Annual mean nitrogen dioxide (NO2) concentrations above the Air Quality Strategy (AQS) objective of 
40 µg/m3 have been measured in recent years at a number of locations representative of relevant 
exposure adjacent to the M6 as it passes through Birmingham.   

Average traffic flows on sections of the M6 through Birmingham exceed 140,000 vehicles per day, of 
which up to 25,000 are Heavy Goods Vehicles (HGVs).  As a result, heavy congestion is experienced on 
sections of the M6 during peak periods.  In an effort to alleviate congestion on the M6 through 
Birmingham, the M6 Toll Road was constructed, which opened in 2003.  The M6 Toll is a 27 mile stretch 
of private motorway between Junction 3a and Junction 11a of the M6 mainline, designed to bypass the 
most congested sections of the M6 as it passes through Birmingham.  The road is open to all vehicles, 
subject to a small fare.  More reliable travel times compared to the M6 mainline were thought to be 
attractive enough to warrant paying the fare; however, the M6 Toll has received criticism for being too 
expensive and consequently not reaching its true capacity in terms of daily traffic flow, in particular in 
terms of HGVs1.   

By analysing air quality and traffic data, this study aims to understand and identify the numbers of 
vehicles which currently use the M6 mainline, but which might otherwise use the M6 Toll. This provides 
an insight into the potential reduction in annual mean NO2 concentrations adjacent to the M6 mainline, 
should some or all of these vehicles ‘switch’ to using the M6 Toll instead. 

Study Area 
This pilot study focuses on annual mean NO2 concentrations adjacent to the M6 mainline between 
Junction 3a and Junction 11a as it passes through Birmingham (as shown in Figure 1).   

Study Aims & Objectives 
The aims and objectives of this pilot study are to: 

• Determine the contribution from road traffic on the M6 mainline to measured annual mean NO2 
concentrations at relevant locations in the study area; 

• Estimate the number of road traffic movements on the M6 mainline that could potentially be 
‘switched’ to the M6 Toll; and 

• Quantify the potential effect of ‘switching’ road traffic movements from the M6 mainline to the M6 
Toll on annual mean NO2 concentrations adjacent to the M6 mainline through Birmingham. 

Structure of Report 
This report is structured as follows: 

• Existing air quality and traffic conditions in the study area are summarised in Section 2; 

• Estimated contributions from background sources and the M6 mainline respectively to measured 
annual mean NO2 concentrations adjacent to the M6 mainline through Birmingham are 
summarised in Section 3;   

• The results of analyses undertaken to estimate the number of road traffic movements on the M6 
mainline through Birmingham with the potential to be ‘switched’ to the M6 Toll are summarised in 
Section 4; 

• The estimated effect on annual mean NO2 concentrations adjacent to the M6 mainline of vehicles 
potentially ‘switching’ to the M6 Toll is summarised in Section 5; and 

• The conclusions of the study, implications for Highways England and lessons learned are 
provided in Section 6. 

                                                
1 http://www.bbc.co.uk/news/uk-england-25221134  
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Figure 1:  Study Area 
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2. Air Quality & Traffic Conditions 

Air Quality 
The data sources reviewed in this pilot study include: 

• Highways England NO2 diffusion tube data, from surveys undertaken to support various 
Highways England (HE) scheme assessments between 2014 and 2016.  These data provide 
information regarding spatial variations in NO2 concentrations within the study area; 

• Local authority diffusion tube survey data across the wider area; including sites at which 
monitoring has been undertaken for a number of years, which provide information regarding 
annual mean NO2 concentrations over the longer term; 

• Continuous Monitoring Station (CMS) data in the wider area, including CMS sites operated as 
part of Defra’s Automatic Urban and Rural Network (AURN) and by local authorities including 
Birmingham City Council (BCC), North Warwickshire Borough Council (NWBC), Sandwell 
Metropolitan Borough Council (SMBC), South Staffordshire District Council (SSDC) and Walsall 
Metropolitan Borough Council (WMBC).  

 

Diffusion Tube Data 

The results of NO2 diffusion tube monitoring undertaken by HE and local authorities within and 
surrounding the study area are illustrated below in Figure 2, Figure 3 and Figure 4 for the years 2014, 
2015 and 2016 respectively2.  These results indicate that NO2 concentrations within the study area 
exceeded the annual mean AQS objective at: 

• 23 out of 109 monitoring locations in 2014; 

• 30 out of 105 monitoring locations in 2015; and 

• 3 out of 48 monitoring locations in 2016. 

The majority of the locations where the AQS objective was exceeded in the study area are adjacent to 
the M6 mainline between Junctions 5 to 7 and Junctions 9 to 11.  Annual mean NO2 concentrations 
adjacent to the M6 therefore appear to vary in magnitude along different sections of the M6.  Such 
differences might for example indicate particular traffic conditions on the M6 (e.g. flow, composition or 
congestion) which contribute to elevated annual mean NO2 concentrations, or additional contributions 
from other emission sources (e.g. other roads or industry).  

The annual mean NO2 AQS objective is not exceeded at any monitoring locations adjacent to the M6 
Toll.  There are some exceedances within the vicinity of the M6 Toll, however these monitoring locations 
are located adjacent to other roads, rather than the M6 Toll itself, which are therefore likely to be the 
primary contributors to these exceedances.     

 

                                                
2 Where required, these data have been annualised to represent conditions over a full calendar year in accordance 
with the methodology described in Box 7.8 of LAQM.TG16. 
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Figure 2:  Measured 2014 Annual Mean NO2 Concentrations (µg/m3) in Wider Area (Diffusion Tubes) 

 



Task 61 
Lot 1 SPATS Framework 

Specialist Professional and Technical Services (SPaTS) Framework, Lot 1, Task 61  5 

Figure 3:  Measured 2015 Annual Mean NO2 Concentrations (µg/m3) in Wider Area (Diffusion Tubes) 

 



Task 61 
Lot 1 SPATS Framework 

Specialist Professional and Technical Services (SPaTS) Framework, Lot 1, Task 61  6 

Figure 4:  Measured 2016 Annual Mean NO2 Concentrations (µg/m3) in Wider Area (Diffusion Tubes) 
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Continuous Monitoring Station (CMS) Data 

There are a number of CMS sites located within the study area, which include both roadside and 
background sites.  The locations of these sites are shown in Figure 5 with further details provided in 
Table 1.   

Figure 5:  Locations of CMS Sites in the Study Area 

 

Table 1:  Details of CMS Sites within the Study Area 

Site Name 
Site 
Type 

Distance 
from M6 
Mainline 

(m) 

Other Nearby 
Sources 

Measured Annual Mean NO2 
Concentration (µg/m3) 

2012 2013 2014 2015 2016 

Walsall M6 Jn 9 R 130 A461 Bescot Rd 52.0 47.7 52.8 49.2 47.5 

Walsall 
Wolverhampton Rd 

R 1,300 
A454 Wolverhampton 
Rd and A4148 Pleck Rd 

44.6 40.3 40.2 38.7 41.8 

Walsall Bloxwich 
Lane (M6 Jn 10) 

R 60 
A454 Wolverhampton 
Rd 

53.3 43.6 40.7 44.1 41.1 

Walsall Alumwell UB 240 Primley Ave 30.9 32.8 ND 30.9 29.5 

Walsall Woodlands 
School 

UB 650 
Hunt's Ln and Bloxwich 
Rd N 

21.6 19.9 25.3 18.9 18.0 

Wilderness Lane 
Great Barr 

R 60 Wilderness Lane 32.6 31.8 30.5 ND ND 

Birmingham Tyburn 
Roadside 

R 690 
A38 Tyburn Rd and 
Industrial Park 

46 43 42 43 ND 

Birmingham Tyburn  UB 640 
A38 Tyburn Rd and 
Industrial Park 

32 29 31 30 ND 

R – Roadside 
UB – Urban Background 
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Three of these CMS sites are located within 200m of the M6 mainline and are therefore considered to be 
influenced by M6 road traffic emissions.  These sites are Walsall M6 Junction 9, Walsall Bloxwich Lane 
and Wilderness Lane, Great Barr, which are located 130m, 60m and 60m from the M6 mainline 
respectively.  It should be noted however that no measurement data are available from the Wilderness 
Lane, Great Barr site beyond 2014, and that both of the Walsall M6 Junction 9 and Walsall Bloxwich 
Lane sites are heavily influenced by emissions from other nearby roads (namely the A461 Bescot Rd 
and A454 Wolverhampton Rd).  The measurement data obtained at these sites in recent years are 
therefore not fully representative of annual mean NO2 concentrations adjacent to the M6 mainline.  In 
addition, hourly measurement data were not available for these CMS sites, therefore detailed source 
apportionment and trend analysis has not been possible. 

Annual mean NO2 concentrations at those CMS sites described in Table 1 for the years between 2010 
and 2016 for which data are available, are presented in Figure 6.   

Figure 6:  Measured Annual Mean NO2 Concentrations (µg/m3) at CMS in Wider Area (2010 – 2016) 

 

The measurement data described in Table 1 and illustrated in Figure 6 indicate that the annual mean 
NO2 AQS objective was consistently exceeded at the Walsall M6 Jn 9, Walsall Wolverhampton Rd, 
Walsall Bloxwich Lane (M6 Jn 10) and Birmingham Tyburn roadside CMS sites between 2010 and 2016.  
Measured annual mean NO2 concentrations at the Wilderness Lane, Great Barr roadside CMS site and 
the Walsall Woodlands School and Birmingham Tyburn urban background sites were, however, well 
below the annual mean NO2 AQS objective during this period.  Figure 6 suggests annual mean NO2 
concentrations have decreased in the study area between 2010 and 2016. Concentrations in more 
recent years, however, appear to have remained relatively stable. 

Meteorological Data 

Hourly wind speed and direction data obtained from Birmingham Airport, which is located approximately 
3.2 km southwest of Junction 4 of the M6 mainline, are summarised for the period 2010 – 2016 in the 
windrose and polar plot shown in Figure 7.  These data indicate that prevailing winds are from the south 
and south west, whilst there is also a distinct north westerly component.  This suggests that road traffic 
emissions on the M6 mainline will typically be dispersed in a northerly or north-easterly direction and as 
a result potentially make a greater contribution to annual mean NO2 concentrations at receptors located 
to the north and north east of the motorway, than to the south and southeast. 
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Figure 7:  Windrose and Polar Frequency of winds measured at Birmingham Airport (2010 – 2016) 

 

Traffic Conditions 
Automated Traffic Counts 

The measured traffic flows shown in Table 2 for the M6 mainline indicate that traffic flows along the M6 
mainline between Junction 5 and Junction 7 are relatively consistent, albeit there are a greater number 
of HGVs between Junction 6 and 7 than between Junction 5 and Junction 6.  Total traffic flows are 
however some 18% higher between Junction 8 and Junction 9 than between Junction 5 and Junction 7, 
which is thought to reflect additional traffic movements associated with the M5.  Traffic flows along the 
M6 Toll also appear to be relatively consistent along its length. 

Table 2:  Measured Traffic Flows on M6 Mainline and M6 Toll during 2015 

Motorway Section 
2015 Measured Daily Traffic Flow 

HGV% 
Total LDVs HGV 

M6 Junction 5 to 6 121,800 100,200 21,600 17.7 

M6 Junction 6 to 7 121,300   96,700 24,700 20.3 

M6 Junction 8 to 9 142,800 116,400 26,400 18.5 

M6 Toll Junction 4 to 5   38,300   35,100   3,200 8.3 

M6 Toll Junction 6 to 7   40,700   37,300   3,400 8.4 

SOURCE: http://webtris.highwaysengland.co.uk/  

Light Duty Vehicles (LDVs) = Cars and Vans 

 

Measured traffic flows during AM peak (07:00 – 10:00), inter-peak (10:00 – 16:00) and PM peak (16:00 – 
19:00) periods are presented in Table 3.  These data indicate that there are a greater hourly number of 
total and Light Duty Vehicle (LDV) movements on the M6 mainline and M6 Toll in the PM peak, relative 
to the AM and inter-peak periods.  The highest number of HGV movements on the M6 mainline however 
occur during the inter-peak period, which is reflected in the larger proportions of HGVs observed during 
this period.  Conversely, there are greater numbers of HGVs using the M6 Toll in the AM peak relative to 
the interpeak and PM peak periods.   
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Table 3:  Measured Traffic Flows on the M6 Mainline and M6 Toll during 2015 (by time period) 

Motorway Section 
2015 Measured Hourly Traffic Flows 

HGV% 
Total LDVs HGV 

AM Peak 

M6 Junction 5 to 6 8,152 6,747 1,405 17.2 

M6 Junction 6 to 7 8,977 7,209 1,768 19.7 

M6 Junction 8 to 9 8,902 7,281 1,621 18.2 

M6 Toll Junction 4 to 5 3,317 3,079 238 7.2 

M6 Toll Junction 6 to 7 3,560 3,305 255 7.2 

Inter-peak 

M6 Junction 5 to 6 7,114 5,540 1,574 22.1 

M6 Junction 6 to 7 7,506 5,573 1,933 25.7 

M6 Junction 8 to 9 8,403 6,488 1,915 22.8 

M6 Toll Junction 4 to 5 2,530 2,322 208 8.2 

M6 Toll Junction 6 to 7 2,704 2,476 228 8.4 

PM Peak 

M6 Junction 5 to 6 9,344 8,407 937 10.0 

M6 Junction 6 to 7 9,557 8,413 1,144 12.0 

M6 Junction 8 to 9 9,887 8,675 1,213 12.3 

M6 Toll Junction 4 to 5 3,736 3,527 209 5.6 

M6 Toll Junction 6 to 7 3,978 3,761 217 5.4 

SOURCE: http://webtris.highwaysengland.co.uk/  

 

MIDAS data have also been obtained for two sites on the M6 mainline representing eastbound and 
westbound flows respectively between Junctions 7 and 8.  Two-way flow data is available between 2014 
and 2015 (the westbound monitor ceased collection towards the end of 2015).  Temporal variations in 
total traffic flow over hours of the day, months, and weekdays between 2014 and 2015 are presented in 
Figure 8. 

Figure 8:  Time Variation Plots of Total Traffic Flow along M6 Mainline (2014 – 2015) 

 

Figure 8 indicates that there is a clear diurnal profile in total traffic flow with consistent AM and PM peaks 
during weekdays.  Flows at weekends are more unimodal, peaking between 11:00 and 17:00.  Flows at 
weekends are typically lower when compared to weekdays, except at midday where flows on weekends 
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are relatively similar to some weekdays.  There is also some seasonal variation in traffic flows, with lower 
hourly traffic flows in the winter and spring, potentially a result of public holidays such as Christmas and 
Easter.  Traffic flows are reasonably consistent throughout the week with an increase from Monday to 
Wednesday before declining slightly to Friday.  Flows are considerably lower at weekends. 

Due to poor data capture at the two MIDAS sites under consideration, the same analysis cannot be 
undertaken for HGVs. 

Additional data have been collected for the M6 Toll for which average daily traffic figures are published 
for each quarter3 (whilst earlier data were published monthly).  The available data were averaged for 
each year to provide a consistent time series of average daily traffic, which is presented in Figure 9. 

Figure 9:  Average Annual Daily Traffic Flow for the M6 Toll (2004 – 2016) 

 

The data in Figure 9 indicate that the volume of traffic using the M6 Toll was reasonably consistent 
between 2004 and 2007, before a decline thereafter.  This decline is thought likely to be associated with 
the financial downturn in 2008.  More recently, traffic flows have increased, from a low in 2012, with year 
on year increases to 2016, which represents the highest flows in the time series.   

Further to the total average daily traffic figures shown in Figure 9, the total volume of commercial vehicle 
traffic4 using the M6 Toll has been published since 2016.  The average daily total for 2016 is 5,400 
vehicles which represents 11.3% of the total flow using the M6 Toll.     

Manually Classified Traffic Counts 

Data from Department for Transport (DfT) traffic counts5 have also been collated from surveys on the M6 
mainline and M6 Toll.  These data are typically based on a 12-hour manual classified count or estimated 
based on previous surveys.  Therefore, whilst they provide greater resolution in terms of fleet 
composition when compared with automated count methods, the sample size is considerably smaller.  
Data for the M6 and M6 Toll for 2016 are presented in Table 4 and Table 5 respectively. 

The data in Table 4 indicate that the proportion of HGVs on the M6 mainline in the study area range 
between 14-19%, the proportion of LGVs from 13-17% and the proportion of cars from 66-67%. 

                                                
3 https://www.m6toll.co.uk/about-us/traffic-figures/latest-reports/april-june-2017/ 
4 Commercial vehicle traffic is M6 Toll classes 4, 5 and above, which includes vans, coaches and HGVs 
5 https://www.dft.gov.uk/traffic-counts/ 
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Table 4:  Observed Motorway Traffic Flows on the M6 Mainline in the Study Area during 2016 

M6 Section 
2016 Observed Daily Traffic Flow 

HGV% 
Total Cars LGVs HGV 

Jn3 - Jn3a  116,400   78,900   17,700   19,200  16.5 

Jn3a - Jn4  101,900   69,000   15,700   16,800  16.5 

Jn4 - Jn4a  103,000   70,500   17,300   14,700  14.3 

Jn4a - Jn5  142,400   93,500   22,900   25,300  17.8 

Jn5 - Jn6  136,700   89,800   22,000   24,300  17.8 

Jn6 - Jn7  123,000   80,700   19,100   22,500  18.3 

Jn7 - Jn8E  123,000   80,700   19,100   22,500  18.3 

Jn8W - Jn9  128,600   86,800   19,600   21,500  16.7 

Jn9 - Jn10  134,900   92,000   20,400   21,900  16.2 

Jn10 - Jn10A  123,300   85,700   17,000   19,800  16.1 

Jn10A - Jn11    87,400   58,700   11,300   17,000  19.5 
SOURCE: https://www.dft.gov.uk/traffic-counts/ 

 

The data in Table 5 indicate that the proportions of HGVs on the M6 Toll range between 3-9%, the 
proportion of LGVs from 8-19% and the proportion of cars from 71-89%. 

 

Table 5:  Observed Motorway Traffic Flows on the M6 Toll during 2016 

Motorway Section 
2016 Observed Daily Traffic Flow 

HGV% 
Total Cars LGVs HGV 

M6 Toll - JnT1 - JnT2 37,800 32,000 3,500 2,100 5.6 

M6 Toll - JnT2 - JnT3 38,600 27,500 7,300 3,400 8.8 

M6 Toll - JnT3 - JnT4 48,400 43,000 3,800 1,300 2.7 

M6 Toll - JnT4 - JnT5 36,300 31,600 3,500 1,000 2.8 

M6 Toll - JnT5 - JnT6 39,400 34,600 3,300 1,200 3.0 

M6 Toll - JnT6 - JnT7 40,500 35,400 3,300 1,600 4.0 

M6 Toll - JnT7 - JnT8 38,900 34,000 3,500 1,100 2.8 

SOURCE: https://www.dft.gov.uk/traffic-counts/ 

 

Measured total traffic flows of HGVs broken down by vehicle type and number of axles6 for the M6 
mainline and M6 Toll are presented in Table 6 and Table 7 respectively.   

The data in Table 6 indicate that articulated HGVs make up the majority of the HGV fleet on the M6 
mainline (62-78%), with a significant proportion of these articulated HGVs (47-74%) being larger vehicles 
(i.e. those with 6 or more axles).  These vehicles are thought more likely to be making longer distance, 
‘strategic’ journeys.  Rigid HGVs make up a smaller proportion of the HGV fleet on the M6 mainline (22-
38%), with the majority (71 – 83%) of these being smaller vehicles (i.e. 2 axle).  These vehicles are 
thought more likely to be making shorter distance journeys (e.g. within the West Midlands). 

Table 6:  Observed Motorway HGV Flows on the M6 in the Study Area during 2016 

Motorway 
Section 

Rigid HGV Articulated HGV 

2 Axle 3 Axle 
4 or 5 
Axle 

Rigid 
Total 

3 or 4 
Axle 

5 Axle 
6 or 
More 
Axle 

Artic 
Total 

Jn3 - Jn3a 3,000 600 500 4,200 700 4,000 10,300 15,000 

Jn3a - Jn4 4,000 500 300 4,800 700 5,700 5,600 12,000 

Jn4 - Jn4a 2,800 600 500 3,900 400 3,100 7,400 10,800 

Jn4a - Jn5 7,400 1,200 1,000 9,500 700 3,500 11,600 15,800 

Jn5 - Jn6 7,100 1,200 900 9,200 700 3,300 11,100 15,100 

Jn6 - Jn7 6,400 1,100 700 8,200 700 3,000 10,600 14,300 

                                                
6 The number of axles is representative of vehicle size, with larger vehicles likely to have more axles.   
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Motorway 
Section 

Rigid HGV Articulated HGV 

2 Axle 3 Axle 
4 or 5 
Axle 

Rigid 
Total 

3 or 4 
Axle 

5 Axle 
6 or 
More 
Axle 

Artic 
Total 

Jn7 - Jn8E 6,400 1,100 700 8,200 700 3,000 10,600 14,300 

Jn8W - Jn9 5,600 900 600 7,100 600 5,600 8,200 14,400 

Jn9 - Jn10 5,700 900 600 7,300 600 5,600 8,400 14,600 

Jn10 - Jn10A 4,300 900 600 5,900 500 4,600 8,800 13,800 

Jn10A - Jn11 3,300 800 400 4,600 400 4,300 7,700 12,400 

SOURCE: https://www.dft.gov.uk/traffic-counts/ 

 

The data in Table 7 indicate that articulated HGVs also make up the majority of the HGV fleet on the M6 
Toll (57-76%), with a significant proportion of these articulated HGVs (44-83%) being larger vehicles (i.e. 
those with 6 or more axles).  Again, these vehicles are thought more likely to be making longer distance, 
‘strategic’ journeys.  Rigid HGVs also make up a smaller proportion of the HGV fleet on the M6 Toll (24-
43%), with the majority (45 – 100%) of these being smaller vehicles (i.e. 2 axle).  Again, these vehicles 
are thought more likely to be making shorter distance journeys (e.g. within the West Midlands). 

 

Table 7:  Observed Motorway HGV Flows on the M6 Toll during 2016 

Motorway 
Section 

Rigid HGV Articulated HGV 

2 Axle 3 Axle 
4 or 5 
Axle 

Rigid 
Total 

3 or 4 
Axle 

5 Axle 
6 or 
More 
Axle 

Artic 
Total 

JnT1 - JnT2 400 100 - 500 100 400 1,200 1,600 

JnT2 - JnT3 500 300 300 1,100 100 600 1,700 2,300 

JnT3 - JnT4 500 100 - 600 - 300 500 800 

JnT4 - JnT5 200 100 - 300 - 300 400 700 

JnT5 - JnT6 300 100 - 300 100 400 400 900 

JnT6 - JnT7 300 - 100 400 - 200 1,000 1,200 

JnT7 - JnT8 300 100 - 400 - 300 400 800 

SOURCE: https://www.dft.gov.uk/traffic-counts/ 

 

Comparison of Automatic and Manual Count Data 

One of the key differences between the automated count data and the classified count data presented is 
the number of HGV movements, particularly on the M6 Toll, with the manually classified count data 
suggesting that there are considerably fewer HGV movements on the M6 Toll compared to the 
automated traffic count data.  As the total volume of LGVs and HGVs on the M6 Toll indicated by the 
manual traffic counts is not too dissimilar to the figure of 5,400 for “commercial traffic” published by the 
M6 Toll, however, this suggests these differences might be explained by discrepancies in the 
classification of different vehicle types between the automatic and manual monitoring techniques 
employed in the study area.  
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3. Contributions to Measured Concentrations 

Background Concentrations 
The total concentration of a pollutant comprises the contribution from distinct nearby7 emission sources 
such as, roads, rail, industry, domestic and commercial boilers, etc., and those that are transported into 
an area by the wind from further away.  Were all the nearby emission sources to be removed, only the 
distant sources would influence measured concentrations; it is this latter component that is referred to as 
‘background’.  In many situations, the background contribution may be a dominant proportion of the total 
pollutant concentration, although this is less likely to be the case close to a busy road. 

The background contribution to measured NO2 concentrations in the study area has been estimated by 
using diffusion tube measurements at background locations within the wider area to derive a background 
field map.  The background component will therefore represent the combined influence that emission 
sources within the Birmingham area as well as regional sources have on concentrations that are 
measured at least 200 m from specific emission sources (e.g. roads).  Any closer than this to a specific 
emission source and concentrations will be influenced by the source in question and be above 
background concentrations.   

Following an analysis of the locations of all diffusion tubes in the wider area, 2014 and 2015 yield the 
greatest number of measurements.  A total of 42 diffusion tubes were considered to provide a true 
representation of background concentrations both in the urban centre of Birmingham and in the wider 
area beyond the M6 and M6 Toll.  These sites were operational for at least part of 2014 or 2015.  Nine of 
these diffusion tubes were operated by HE (four in 2014 and five in 2015).  In addition, the diffusion tube 
data were supplemented by annual mean NO2 concentrations measured at eight background CMS 
locations, ensuring no duplicate diffusion tube locations were co-located with the CMS.  The 
measurements have been interpolated to provide an estimated background concentration field, 
representing conditions well removed from explicit emissions sources.  

The interpolated background field derived from 2015 data (the most complete recent year) is shown in 
Figure 10 (the background field using 2014 data is presented in Appendix B, which shows the two are 
very consistent).  The differences between the concentration isopleths in the two years should be 
interpreted with caution, as these patterns are (to an extent) artefacts of the data ranges chosen and the 
geographical spread of the monitoring locations.   

The background concentrations within the study area are in the range of 15 to 30 µg/m³, with the lowest 
concentrations occurring to the south before Junction 3a.  Concentrations are highest in central 
Birmingham (over 30 µg/m³) and decrease with increasing distance from the centre in a manner which is 
reasonably consistent with the prevailing south westerly wind (see windrose in Figure 7).  These 
elevated concentrations also occur adjacent to the M6 mainline between Junction 5 and Junction 9, with 
concentrations decreasing to the south east and north west of these junctions respectively.  This 
suggests that emissions within the urban area of Birmingham, including from the wider road network, 
have a significant influence on background NO2 concentrations.  The lowest concentrations in the 
background field correspond reasonably well with more sparsely populated rural locations away from 
major roads and urban areas. 

                                                
7 For example, the Design Manual for Roads and Bridges (DMRB) Volume 11 Section 3 Part 1 HA 207/07 suggests 
that roads more than 200m from a particular receptor are not expected to make a significant contribution. 
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Figure 10:  Background Monitors and the Interpolated Background NO2 Concentration for 2015 (µg/m3) 
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Background Emission Sources 
A detailed analysis has been undertaken using Defra’s published background maps (generated by Defra 
using its PCM model), as well as data from the NAEI, the PRTR, and the Environment Agency’s “What’s 
in my Back Yard?” website, to identify the principal emission sources which shape the local background 
concentration field around the M6 mainline.  This analysis suggests that rail and ‘other’8 emission 
sources influence background NO2 concentrations in the study area.  These areas are located to the 
east and west of Junction 6 and also around Walsall at Junction 10.  Defra background maps indicate 
the rail and ‘other’ sectors contribute >5% of NOx to the total NOx concentration in that grid square.  
Figure 11 shows the areas where rail and other sectors contribute more than 5% to the total NOx and 
also the potential individual sources within those grid squares. 

 

Figure 11:  Rail and Other Emission Sources in the Study Area Contributing over 5% to Total Mapped 
Background NOx Concentrations 

 

 

M6 Contribution 
The contribution of motorway traffic on the M6 mainline to measured annual mean NO2 concentrations in 
the study area has been estimated at selected monitoring locations.  These locations were selected 
based on their proximity to the M6 mainline and their separation from other likely contributing sources 
(e.g. busy A-roads).   

A total of 13 diffusion tubes were selected for the analysis, located adjacent to various sections of the M6 
mainline to the north/east and south/west of the carriageway to reflect the potential impact of 
meteorology on annual mean concentrations.  The majority of these diffusion tubes were deployed on 
behalf of HE, with two being deployed by local authorities.   

Firstly, background NO2 concentrations at each monitoring site were derived from the 2015 interpolated 
background field shown in Figure 10.  This derived background concentration was then subtracted from 
the measured 2015 annual mean NO2 concentration at each monitoring site to estimate the annual mean 
NO2 contribution attributable to the M6 mainline.   

                                                
8 ’Other’ is defined as ships, off-road and other emissions in the Defra Background Maps User Guide, October 
2016. 
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The locations of the selected diffusion tubes are presented in Figure 12 and the results of this analysis 
summarised in Table 8. 

Figure 12:  Estimated Road Apportioned NO2 Concentrations at Selected Diffusion Tubes (2015) 

 

Table 8:  Source Contributions to Annual Mean NO2 Concentrations at Selected Diffusion Tubes (2015) 

ID 
Adjacent 
Motorway 
Section 

Position 
Relative 

to M6 
Mainline 

Distance 
from M6 
Mainline 

(m) 

Measured 
NO2 

Road 
NO2 

Bkg 
NO2 

Road 
NO2 % 

Bkg 
NO2 % 

NW11 J4 to J4a North 220 33.8 13.5 20.3 40.0 60.0 

HE285 J4a to J5 South 160 35.6 10.6 25.1 29.7 70.3 

HE284 J5 to J6 South 70 38.7 12.2 26.5 31.5 68.5 

HE283 J5 to J6 South 70 48.1 19.9 28.2 41.3 58.7 

HE279 J5 to J6 Northeast 120 53.4 21.5 31.9 40.3 59.7 

HE278 J6 to J7 Northeast 60 60.9 28.6 32.3 46.9 53.1 

HE275 J6 to J7 Northeast 70 45.9 14.6 31.3 31.8 68.2 

HE272 J6 to J7 Northeast 70 40.8 10.0 30.8 24.4 75.6 

SND5 J7 to J8 North 140 36.1 5.0 31.1 13.9 86.1 

SND18 J7 to J8 Northeast 100 35.5 3.8 31.7 10.7 89.3 

HE182 J10 to J10a West 40 39.4 17.3 22.1 43.8 56.2 

HE184 J10 to J10a West 30 40.7 19.1 21.5 47.1 52.9 

HE187 J10 to J10a West 40 26.2 7.1 19.1 27.2 72.8 

Bkg = Background 
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The results of this analysis indicate that the highest estimated M6 contributions occur between Junctions 
5 and 7 (up to 28 µg/m3) and Junctions 10 and 10a (up to 19.1 µg/m3), reflecting, in part, the relative 
proximity of these diffusion tubes to the M6 mainline.   

As expected, due to the prevailing south / south-westerly wind direction in the study area (see Figure 7), 
the estimated contribution from the M6 appears to be greater on than the northern / north-eastern side of 
the M6 mainline than the southern / western side (at a similar distance).  It should be noted however, 
that there are no comparable monitoring locations located at similar distances either side of the same 
section of the M6 mainline in order to confirm this hypothesis and the magnitude of this difference. 

Background sources are estimated to make a significant contribution at each monitoring site, contributing 
between 19.1 µg/m3 and 32.3 µg/m3 (or 50 to 90%) of the measured annual mean NO2 concentrations at 
each diffusion tube.  As illustrated in Figure 10, the estimated contribution from background sources is 
lower to the north and south of the study area and greatest within the urban areas of Birmingham and 
Walsall. 

These results therefore suggest that it is a combination of proximity and orientation relative to the M6 
mainline, coupled with an elevated background component in the urban area of Birmingham, which 
results in measured exceedances of the annual mean NO2 AQS objective in the study area.     
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4. Analysis of Road Traffic Movements 

Select Link Analysis (SLA) has been undertaken using the Midlands Regional Traffic Model (MRTM) to 
understand the number of vehicle movements on the M6 mainline which could potentially be diverted 
onto the M6 Toll.  SLA is useful for examining a transport model to determine where trips that traverse a 
road-link (i.e. a section of road) start and end within the model, as well as the routing of vehicles using 
said link.  The bandwidth analysis presented in this report allows routing of trips before / after the 
selected link to be visualised. 

A number of bandwidth plots have been produced illustrating the routing of vehicles on a number of 
sections of the M6 mainline through Birmingham, which, for example, can be used to assess the relative 
influence on total traffic flows of local vehicle journeys (i.e. those starting or ending in Birmingham) 
compared to more ‘strategic’ trips (i.e. those travelling longer distances and passing through 
Birmingham).  The total number of vehicle movements on each link associated with the following four 
vehicle journeys were quantified, as these vehicle movements were thought to have the greatest 
potential to be diverted onto the M6 Toll: 

• vehicles travelling along the M6 mainline between Junction 3a (before the M6 Toll) and Junction 
12 (after the M6 Toll) (both eastbound and westbound); and 

• vehicles travelling along the M6 mainline from the M42 prior to Junction 4 (before the M6 Toll) 
through to Junction 12 (after the M6 Toll) (both eastbound and westbound). 

These particular vehicle movements are from here onwards referred to as ‘strategic M6 journeys’, 
although it should be noted that there are other ‘strategic’ vehicle movements which pass through 
Birmingham (e.g. vehicles using the M5 and vehicles travelling to / from the M54) which were not 
included in this grouping, as vehicles making such journeys were considered unlikely to re-route via the 
M6 toll. 

Strategic M6 Journeys (Total Vehicles) 
Figure 13 to Figure 20 illustrate bandwidth plots showing the total number of ‘strategic M6 journeys’ in 
the study area between the M6 west of Birmingham and the M6 / M42 east of Birmingham, during the 
weekday AM and PM peak periods respectively.  These data have been extracted from the MRTM for a 
2015 base year.  The AM and PM models represent an average peak hour for 0700-1000 and 1600-
1900 respectively. 

These figures suggest that: 

• during the AM peak:  

o the majority of eastbound ‘strategic M6 journeys’ use the M6 Toll, as opposed to the M6 mainline, 
to travel from the M6 west of Birmingham to the M6 (approx. 80%) and the M42 (approx. 85%) 
east of Birmingham; 

o approximately 50% of westbound ‘strategic M6 journeys’ use the M6 Toll, as opposed to the M6 
mainline, to travel from the M6 east of Birmingham to the M6 west of Birmingham; and 

o all of the westbound ‘strategic M6 journeys’ from the M42 west of Birmingham to the M6 east of 
Birmingham use the M6 mainline, as opposed to the M6 Toll. 

• during the PM peak; 

o approximately 50% of eastbound ‘strategic M6 journeys’ use the M6 Toll, as opposed to the M6 
mainline, to travel from the M6 west of Birmingham to the M6 east of Birmingham;  

o the majority (approx. 70%) of eastbound ‘strategic M6 journeys’ from the M6 west of Birmingham 
to the M42 east of Birmingham use the M6 Toll, as opposed to the M6 mainline; 

o the majority (approx. 80%) of westbound ‘strategic M6 journeys’ from the M6 east of Birmingham 
to the M6 west of Birmingham use the M6 Toll, as opposed to the M6 mainline; and 

o the majority (approx. 95%) of the westbound ‘strategic M6 journeys’ from the M42 west of 
Birmingham to the M6 east of Birmingham use the M6 mainline, as opposed to the M6 Toll. 

The MRTM therefore suggests that the M6 Toll is heavily utilised during peak periods by vehicles making 
‘strategic M6 journeys’ through Birmingham to / from the M6 / M42.  Furthermore, there appears to be a 
clear tidal pattern, with eastbound vehicles more likely to use the M6 Toll during the AM peak than the 
PM peak, and vice versa.  The traffic model also suggests that vehicles travelling westbound from the 
M42 to the M6 west of Birmingham are very unlikely to use the M6 Toll.    
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Figure 13:  Eastbound AM Total Flow (All Vehicles) – M6 to M6 

 

 

Figure 14:  Eastbound AM Total Flow (All Vehicles) – M6 to M42 

 

Figure 15:  Westbound AM Total Flow (All Vehicles) – M6 to M6 

 

 

Figure 16:  Westbound AM Total Flow (All Vehicles) – M42 to M6 
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Figure 17:  Eastbound PM Total Flow (All Vehicles) – M6 to M6 

 

 

Figure 18:  Eastbound PM Total Flow (All Vehicles) – M6 to M42 

 

 

Figure 19:  Westbound PM Total Flow (All Vehicles) – M6 to M6 

 

 

Figure 20:  Westbound PM Total Flow (All Vehicles) – M42 to M6 
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Strategic M6 Journeys (Heavy Goods Vehicles) 
Figure 21 to Figure 28 illustrate bandwidth plots showing the total number of ‘strategic M6 journeys’ 
made by HGVs in the study area between the M6 west of Birmingham and the M6 / M42 east of 
Birmingham, during the weekday AM and PM peak periods respectively.  These data have been 
extracted from the MRTM for a 2015 base year.  

These figures suggest that: 

• during the AM peak:  

o all of the eastbound HGV ‘strategic M6 journeys’ from the M6 west of Birmingham to the M6 east 
of Birmingham, use the M6 Toll, as opposed to the M6 mainline; 

o the majority (approx. 80%) of eastbound HGV ‘strategic M6 journeys’ from the M6 west of 
Birmingham to the M42 east of Birmingham, of which there are relatively few, use the M6 
mainline, as opposed to the M6 Toll; and 

o all of the westbound HGV ‘strategic M6 journeys’ from the M6 and M42 east of Birmingham to the 
M6 west of Birmingham, use the M6 mainline, as opposed to the M6 Toll. 

• during the PM peak; 

o all of the eastbound HGV ‘strategic M6 journeys’ from the M6 west of Birmingham to the M6 and 
M42 east of Birmingham, use the M6 mainline, as opposed to the M6 Toll; 

o all of the westbound HGV ‘strategic M6 journeys’ from the M42 east of Birmingham to the M6 
west of Birmingham, use the M6 mainline, as opposed to the M6 Toll; and 

o the majority (approx. 65%) of westbound HGV ‘strategic M6 journeys’ from the M6 east of 
Birmingham to the M6 west of Birmingham use the M6 Toll, as opposed to the M6 mainline. 

The MRTM therefore suggests that the M6 Toll is primarily utilised by HGVs making ‘strategic M6 
journeys’ through Birmingham from the M6 west of Birmingham to the M6 east of Birmingham in the AM 
and vice versa in the PM.  Again therefore, there appears to be a clear tidal pattern, with eastbound 
vehicles more likely to use the M6 Toll during the AM peak than the PM peak, and vice versa.  The traffic 
model also suggests that HGVs travelling to / from the M42 are very unlikely to use the M6 Toll.    
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Figure 21:  Eastbound AM Total Flow (Heavy Goods Vehicles) – M6 to M6 

 

 

Figure 22:  Eastbound AM Total Flow (Heavy Goods Vehicles) – M6 to M42 

 

Figure 23:  Westbound AM Total Flow (Heavy Goods Vehicles) – M6 to M6 

 

 

Figure 24:  Westbound AM Total Flow (Heavy Goods Vehicles) – M42 to M6 
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Figure 25:  Eastbound PM Total Flow (Heavy Goods Vehicles) – M6 to M6 

 

 

Figure 26:  Eastbound PM Total Flow (Heavy Goods Vehicles) – M6 to M42 

 

 

Figure 27:  Westbound PM Total Flow (Heavy Goods Vehicles) – M6 to M6 

 

 

Figure 28:  Westbound PM Total Flow (Heavy Goods Vehicles) – M42 to M6 
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Proportions of Strategic M6 Journeys 
In order to put the numbers of ‘strategic M6 journeys’ on the M6 mainline and M6 Toll illustrated in the 
figures above into context, Annual Average Daily Traffic (AADT) flows have been derived from the 
modelled AM, IP and PM peak hour traffic flows, so as to understand these vehicle movements as a 
proportion of the total, as shown in Table 9.  It should be noted that these AADT flows have been derived 
using a relatively simple methodology (i.e. the application of a simple scaling factor to modelled AM, IP 
and PM peak flows) and therefore may not accurately present the relative distribution of vehicle 
movements between the M6 mainline and the M6 Toll over the course of a day. 

 

Table 9:  Modelled ‘Strategic M6 Journeys’ and Total Journeys on M6 Mainline and M6 Toll  

Motorway 
Section 

‘Strategic M6 Journeys’ Total Daily Flows 
Proportion of 

Strategic Journeys 

LDVs HGVs Total LDVs HGVs Total LDVs HGVs Total 

M6 

J5 to J6  
11,500 3,400 15,000 95,600 26,500 122,100 12% 13% 12% 

M6 

J6 to J7 
11,500 3,400 15,000 110,000 22,800 132,700 10% 15% 11% 

M6 

J8 to J9 
11,500 3,400 15,000 124,400 29,500 153,900 9% 12% 10% 

M6 Toll 

T4 to T5 
18,300 400 18,800 35,000 1,800 36,800 52% 25% 51% 

M6 Toll 

T6 to T7 
18,300 400 18,800 36,600 2,300 38,900 50% 19% 48% 

NOTE: Light Duty Vehicles (LDVs) include both cars and Light Goods Vehicles (LGVs) 

 

The data presented in Table 9 suggest that 9 - 12% of LDV flows, 12 - 15% of HGV flows and 10 – 12% 
of total vehicle flows on the M6 mainline between J5 and J9 are ‘strategic M6 journeys’, and could 
potentially be diverted onto the M6 Toll.  These data also indicate that 48%-51% of the total traffic using 
the M6 Toll are ‘strategic M6 journeys’, whilst only 19 – 25% of HGV traffic are ‘strategic M6 journeys’.  

Table 10 presents the ‘strategic M6 journeys’ summarised in Table 9, broken down by direction and 
route, which indicates that: 

• the majority (approx. 70%) of ‘LDV ‘strategic M6 journeys’ on the M6 mainline are westbound 
movements, either from the M42 (39%) or M6 (29%), whereas there is a relatively smaller proportion 
of eastbound movements to the M6 (20%) and M42 (12%); and 

• the majority (approx. 70%) of HGV ‘strategic M6 journeys’ on the M6 mainline are westbound 
movements, either from the M6 (46%) or M42 (21%), whereas there is a relatively smaller proportion 
of eastbound movements to the M6 (25%) and M42 (8%). 

Table 10:  Modelled ‘Strategic M6 Journeys’ on M6 Mainline and M6 Toll (By Direction and Route) 

Motorway 
Section 

Direction 

LDVs HGVs 

M42 to 
M6 WB 

M6 to 
M42 
EB 

M6 to 
M6 WB 

M6 to 
M6 EB 

M42 to 
M6 WB 

M6 to 
M42 
EB 

M6 to 
M6 WB 

M6 to 
M6 EB 

M6 
Mainline 

Westbound 4,450 - 3,330 - 730 - 1,600 - 

Eastbound - 1,380 - 2,350 - 260 - 850 

M6 Toll 
Westbound 180 - 7,720 - 20 - 210 - 

Eastbound - 4,100 - 6,320 - 20 - 210 

 

Other Journeys on M6 Mainline 
As the SLA for the MRTM suggests that a relatively small proportion of traffic movements on the M6 
mainline are ‘strategic M6 journeys’, further SLA was undertaken for sections of the M6 mainline through 
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Birmingham in an attempt to understand the origins and destinations of these ‘other’ journeys on the M6 
mainline.   

Figure 29 to Figure 36 shown in Appendix A indicate that as well as the vehicle movements to / from the 
M6 west and M6 / M42 east of Birmingham identified in the previous sections, vehicle movements on the 
M6 mainline between J5 - J6 and J6 - J7 are associated with journeys to / from Birmingham City Centre, 
the M54 and M5 west of Birmingham, the M42 north of Birmingham and the A45 east of Birmingham, as 
well as other minor routes. 

Figure 37 to Figure 40 shown in Appendix A indicate that as well as the vehicle movements to / from the 
M6 west and M6 / M42 east of Birmingham identified in the previous sections, vehicle movements on the 
M6 mainline between J8 – J9 are associated with journeys to / from Birmingham City Centre, the M54 
and M5 west of Birmingham and the A45 east of Birmingham, as well as other minor routes.  

Comparison of Modelled and Measured Vehicle Flows 
It is important to remember that, as with all models, the outputs of the MRTM should be treated with a 
degree of caution.  Despite the outputs of the model being validated9, the model will undoubtedly 
perform better along some road links than others.  A high level comparison between modelled and 
measured traffic flows has therefore been undertaken in order to provide an indication of how closely the 
modelled values discussed above are representative of real-world traffic flows.  It should be noted that 
the observed data relate to April 2015 (excluding school holidays), whereas the model represents March 
2015.  The results of this comparison are provided in Table 11, which indicate that: 

• modelled AADT flows on each of the road links considered are in good agreement with measured 
values, albeit that modelled AADT flows on the M6 between J6 - J7 and J8 - J9 are 8-9% higher than 
measured, whilst modelled AADT flows on the M6 Toll are 4% lower than measured; 

• modelled LDV flows on each of the road links considered are typically in good agreement with 
measured values, albeit that modelled AADT flows on the M6 between J6 - J7 and J8 - J9 are 7-14% 
higher than measured, whilst modelled AADT flows on the M6 between J5 - J6 and M6 Toll are 5% 
and 0-2% lower than measured respectively; and 

• there is a relatively large difference between modelled and measured HDV flows on the majority of 
the road links considered.  Measured HDV flows on the M6 between J5 - J6 and J8 - J9 are 23% and 
12% higher than measured flows respectively, whilst modelled HDV flows on the M6 Toll are 32-44% 
lower than measured. 

It should be noted that AADTs are not typically subjected to validation criteria as part of a model 
development exercise.  Instead, each constituent peak hour/period model is calibrated and validated 
according to the criteria set out in WebTAG unit M3.110. Further to this, WebTAG does not require the 
validation of HDV flows, meaning whilst total flows in the MRTM on the M6 Toll have been validated, this 
validation wasn’t undertaken by vehicle type. 

The results of this comparison suggest that the data derived from the MRTM presented within this study 
potentially over estimates total and HDV traffic flows on the M6 mainline and underestimates total and 
HDV traffic flows on the M6 Toll.  It is considered that some of these differences potentially relate to the 
modelled routing of ‘strategic’ vehicle movements along the M6 mainline and M6 Toll respectively, not 
fully representing reality.   

 

Table 11:  Comparison of Modelled and Measured Traffic Flows 

Motorway 
Section 

Modelled AADT Flows Measured AADT Flows a 
Difference (Modelled 

– Measured) 

LDVs HDVs Total LDVs HDVs Total LDVs HDVs Total 

M6 

J5 to J6  
95,625 26,503 122,128 100,237 21,587 121,824 -5% 23% 0% 

M6 

J6 to J7 
109,971 22,763 132,734 96,676 24,659 121,335 14% -8% 9% 

                                                
9 Midlands Regional Traffic Model, Model Validation Report, Highways England, 2016. 
10 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/427124/webtag-tag-unit-m3-1-
highway-assignment-modelling.pdf 
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Motorway 
Section 

Modelled AADT Flows Measured AADT Flows a 
Difference (Modelled 

– Measured) 

LDVs HDVs Total LDVs HDVs Total LDVs HDVs Total 

M6 

J8 to J9 
124,411 29,475 153,885 116,444 26,374 142,818 7% 12% 8% 

M6 Toll 

T4 to T5 
35,025 1,781 36,806 35,103 3,196 38,299 0% -44% -4% 

M6 Toll 

T6 to T7 
36,604 2,300 38,904 37,252 3,402 40,653 -2% -32% -4% 

a Sourced from http://webtris.highwaysengland.co.uk/ 

 

Summary 
The results of the SLA performed suggests that 10-12% of all vehicles (and 12-15% of HDVs) which 
currently travel on the M6 mainline through Birmingham could potentially be re-routed to use the M6 Toll.  
Whilst this volume of traffic is somewhat lower than might have been anticipated, comparison between 
modelled and measured traffic flows suggests that, if anything, the volume of traffic modelled as 
currently using the M6 Toll is an underestimate, rather than an overestimate.  It is also noted that the 
number of ‘strategic’ trips which pass through Birmingham is possibly limited by the influence of the 
alternative M1-A50 route, which, particularly during periods of congestion, appears to provide a similar 
journey time.  
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5. Potential Effect of Switching Traffic to M6 Toll 

Having identified those vehicle movements on the M6 mainline which could potentially be re-routed to 
use the M6 Toll, the potential reduction in annual mean NO2 concentrations at monitoring sites adjacent 
to the M6 mainline has subsequently been estimated, as described below.  At this early stage, and as a 
proof of concept, it has been assumed that all of the vehicle movements identified would re-route to use 
the M6 Toll, which is likely to be overly optimistic.  The calculations below therefore represent the 
maximum reduction in NO2 concentrations which would potentially be achieved at measurement 
locations as a result of this displacement of traffic.  It should be noted, however, that the potential effect 
of this displacement of traffic on relieving congestion on the M6 mainline and the associated emissions 
reduction has not been quantified at this stage.   

Methodology 
The following methodology has been used to estimate the maximum change in annual mean NO2 
concentrations which could potentially occur at number of monitoring sites adjacent to the M6 mainline.  
These monitoring sites have been selected so as to represent locations of relevant exposure which are 
predominately influenced by emissions from the M6, and where the annual mean NO2 AQS objective 
has the potential to be exceeded. 

a) The annual mean Road-NOx contribution at each monitoring site was estimated using Defra’s 
NOx to NO2 Calculator (version 5.1) and a background NO2 concentration derived from the 
interpolated background NO2 field described in Section 3; 

b) An estimated NOx emission rate (g/km/s) was calculated for the adjacent section of the M6 
mainline both with and without the daily volume of traffic which could potentially be displaced to 
the M6 Toll.  NOx emissions were calculated using HE’s speed band emission factors for a 
motorway under free flow conditions; 

c) The derived Road-NOx contribution at each monitoring site was then scaled based on the ratio 
between the calculated NOx emission rate with and without the displaced traffic to estimate a 
road-NOx concentration adjacent to the M6 mainline without this displaced traffic; 

d) This estimated Road-NOx concentration was then used to estimate annual mean NO2 
concentrations adjacent to the M6 mainline using Defra’s NOx to NO2 calculator. 

Results 
The results of this assessment are summarised below in Table 12 in terms of the estimated reduction in 
Road-NOx emissions and the resulting impact on annual mean NO2 concentrations. 

Table 12:  Indicative Assessment Results of Displacing ‘Strategic M6 Journeys’ 

Motorway 
Section 

Site ID 

2015 Annual Mean 
Concentration (µg/m3) 

Estimated 
Reduction in 

Road-NOx 
Emissions 

(%) 

Estimated 
NO2 with 

Displaced 
Traffic 
(µg/m3) 

Estimated 
Change in 

NO2 (µg/m3) 
Measured 

NO2 

Interpolated 
Background 

NO2 

M6 
J5 to J6  

HE 283 48.1 29.2 12.5% 46.2 -1.9 

M6 
J6 to J7 

HE 275 45.9 32.0 12.5% 44.5 -1.4 

 

The results of this assessment indicate that switching ‘strategic through traffic’ from the M6 mainline to 
the M6 Toll has the potential to result in a small11 reduction in annual mean NO2 concentrations at 
monitoring locations adjacent to the M6 mainline. 

It should be noted however that this simple assessment methodology does not account for any beneficial 
effects on NOx emissions which may occur due to reduced congestion, nor the fact that sensitive 
receptors are located closer to the M6 mainline than the monitoring sites considered above (located 70m 
from the M6 mainline).  These sensitive receptors may therefore experience higher annual mean NO2 

                                                
11 Defined in accordance with the magnitude of change criteria described in table 2.1 of IAN 174/13. 
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concentrations and / or larger reductions in annual mean NO2 concentrations than described in Table 12.  
Furthermore, whilst the estimated change in concentration can be described as small, such changes 
could potentially affect a large number of sensitive receptors, thereby resulting in a reduction in exposure 
(to both NO2 and PM10) for a relatively large population.  Furthermore, displacing traffic from the M6 
mainline to the M6 Toll could potentially assist the UK government to achieve compliance with EU limit 
values by an earlier date. 
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6. Conclusions & Lessons Learned 

Exceedances of the annual mean NO2 AQS objective have been measured in recent years at locations 
in close proximity to the M6 mainline as it passes through Birmingham.  The results of this study suggest 
that these exceedances primarily result from a combination of the contribution from road traffic on the M6 
mainline as well as elevated background concentrations within the Birmingham urban area. 

The primary objective of this study was to investigate whether there is the potential to ‘switch’ additional 
traffic movements from the M6 mainline to the M6 Toll, and by doing so reduce annual mean NO2 
concentrations adjacent to the M6 mainline.  It should be noted that consideration has not been given to 
how such a ‘switch’ might be achieved within this study (and what the associated costs might be), but 
instead solely what volume of traffic has the potential to use the M6 Toll as an alternative route to the M6 
mainline. 

Analysis of the Midlands Regional Traffic Model (MRTM) for the year 2015 suggests that approximately 
11,500 LDV movements (9-12% of the total) and 3,400 HDV movements (12-15% of the total), which 
pass through Birmingham on the M6 mainline, could potentially be ‘switched’ to the M6 Toll.  

A simple methodology has subsequently been used to estimate the potential effect on measured annual 
mean NO2 concentrations of switching all of this traffic to the M6 Toll.  This analysis suggests that the 
displacement of this traffic would result in a 12.5% reduction in NOx emissions from the M6 mainline and 
reduce annual mean NO2 concentrations at nearby monitoring sites by up to 1.9 µg/m3.   

It should be noted however that the simple methodology used did not account for any beneficial effects 
on NOx emissions which may occur due to reduced congestion, nor the fact that sensitive receptors are 
located closer to the M6 mainline than the monitoring sites considered.  These sensitive receptors may 
therefore experience higher annual mean NO2 concentrations and / or larger reductions in annual mean 
NO2 concentrations as a result of the displacement of this traffic.  Furthermore, whilst the estimated 
change in concentration can be described as ‘small’ according to IAN 174/13, such changes could 
potentially affect a large number of sensitive receptors, thereby resulting in a reduction in exposure (to 
both NO2 and PM10) for a relatively large population.  Displacing traffic from the M6 mainline to the M6 
Toll could potentially assist the UK Government in achieving compliance with EU limit values by an 
earlier date than is currently the case. 

Lessons Learned 
The primary lesson learned during this study was that undertaking Select Link Analysis is a useful 
methodology to understand the routing of vehicle movements at a regional level.  In this instance, 
however, there is potentially less certainty in the routing of different vehicle types, as model validation 
was not undertaken by vehicle type.  For the outcomes of this study, this observation is particularly 
important, given that different vehicle types can have greater or lesser air quality impacts. 

As would be expected, there are some differences between modelled traffic data, automatic traffic count 
data and manually classified traffic count data.  The results of this assessment should therefore be 
treated with a degree of caution, particularly in terms of the information presented by vehicle category.  
Undertaking additional survey work (such as an ANPR survey) would potentially provide additional, 
valuable information regarding the real-world routing of different vehicle types within the study area. 
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Appendix A – M6 MAINLINE SELECT LINK ANALYSIS 
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Figure 29:  Eastbound AM Total Flow (All Vehicles) – M6 J6 to J5 

 

 

Figure 30:  Westbound AM Total Flow (All Vehicles) – M6 J5 to J6 

 

 

Figure 31:  Eastbound PM Total Flow (All Vehicles) – M6 J6 to J5 

 

 

Figure 32:  Westbound PM Total Flow (All Vehicles) – M6 J5 to J6 
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Figure 33:  Eastbound AM Total Flow (All Vehicles) – M6 J7 to J6 

 

 

Figure 34:  Westbound AM Total Flow (All Vehicles) – M6 J6 to J7 

 

 

Figure 35:  Eastbound PM Total Flow (All Vehicles) – M6 J7 to J6 

 

 

Figure 36:  Westbound PM Total Flow (All Vehicles) – M6 J6 to J7 
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Figure 37:  Eastbound AM Total Flow (All Vehicles) – M6 J9 to J8 

 

 

Figure 38:  Westbound AM Total Flow (All Vehicles) – M6 J8 to J9 

 

 

Figure 39:  Eastbound PM Total Flow (All Vehicles) – M6 J9 to J8 

 

 

Figure 40:  Westbound PM Total Flow (All Vehicles) – M6 J8 to J9 
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Appendix B – INTERPOLATED BACKGROUND FIELD (2014) 
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