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1. INTRODUCTION 

1.1 Background 

1.1.1 Highways England are preparing a high-level National Air Quality Action Plan (NAQAP) to 
understand areas around the Strategic Road Network which may require detailed air 
quality modelling work.  Highways England plan to use Regional Transport Model (RTM) 
output to carry out the initial work for this and required a comparison of the RTM model 
output with observed conditions, to inform their use of the RTM data. 

1.1.2 To assist with this, SYSTRA were commissioned to provide traffic flow data (counts and 
speeds) from the five Regional Transport Models (RTMs) and carry out a comparison with 
observed flows and speeds. The locations of the NAQAP sites were provided by Highways 
England and are shown in Figure 1 below. 

 

Figure 1. NAQAP Locations 

Contains OS data © Crown Copyright and database
right 2018

Legend

NAQAP locations



 

Data Extraction from Regional Transport Models 108124  

Page 4/13    

 

1.1.3 Flow and speed data for the model links representing these sites was extracted and a 
comparison of model data with observed data was undertaken.   The set of flows and 
speeds required was provided to Highways England. This note sets out the methodology 
and results from this process. 

1.2 Output Data Requirements 

1.2.1 Highways England provided a template to be populated for each modelled or interpolated 
year with the data: 

 Flow (veh/day); 
 % HDV; 
 Speed (kph); and 
 Speed-band. 

1.2.2 These were provided in each of: 

 Annual Average Daily Traffic (AADT); 
 Annual Average Weekday Traffic (AAWT); 
 Single hour AM peak; 
 Single hour IP; and 
 Single hour PM peak. 

2. NAQAP FLOW PRODUCTION METHODOLOGY 

2.1 Regional Transport Models 

2.1.1 This task was specified to use outputs from each of the five Regional Transport Models 
(RTMs) covering the five areas (North, Trans-Pennine South, Midlands, Southwest, and 
Southeast) .  RTM modelled years of 2015 and 2026 were available with flows and speeds 
required to be output for every year from 2015 to 2026.  It was agreed that step-changes 
between the years where minimised by use of linear interpolation between the two 
modelled years. It was also agreed that the work should be undertaken using the 2015 
base minus roadworks and the 2026 RIS 2 do minimum models. 

2.1.2 The models were supplied by Highways England (need to confirm) in SATURN assigned 
network format files (*.ufs). 

2.1.3 The models were specified to have consistent parameters where appropriate, and 
therefore the user classes, pcu values, and time periods are the same in all five RTMs and 
as reported in the tables below 

Table 1. RTM PCU Values 

VEH TYPE USER CLASS PCU FACTOR 

Light Vehicles 1-4 1 

OGV 5 2.5 
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Table 2. RTM Time Periods 

PERIOD 
NAME 

REPRESENTING 

AM Average hour 07:00-10:00 

IP Average hour 10:00-16:00 

PM Average hour 16:00-19:00 

2.1.4 The values extracted from the RTMs for further analysis were: 

 Congested speed (including junction delay – a demand weighted average of the 
turn delay at the end of the link); and  

 Actual flows by user class (in pcus). 

2.2 Identifying Links 

2.2.1 For the final dataset, the definition supplied by Highways England was a subset of the 
original link set. This subset is shown in Figure 2 below. All model links within 100m of the 
link set shown were included in the analysis. This includes non-SRN links adjacent to or 
crossing the links of interest.   The dataset included 1843 links in all years. 
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Figure 2. NAQAP Link set for final analysis 

2.3 Flow and Speed Data Processing 

Model Data 

2.3.1 All flows are extracted from the model in passenger car units (PCUs). Therefore before 
any further data processing could be undertaken, the demand was divided by the user 
class PCU factors shown in Table 1. 

AADT and AAWT 

2.3.2 The Annual Average Daily Traffic (AADT) and Annual Average Weekday Traffic (AAWT) is 
required for reporting and comparison (confirm this).  AADT and AAWT values were 
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calculated following guidance from Highways England1.  The process is carried out in two 
stages: 

 From model period to 12 hour 
 from 12 hour to AADT/AAWT using factors relating to road and vehicle type 

2.3.3 The modelled flow was factored by period factors to create a 12-hour total demand and 
weighted average speed as shown below: 

𝐷𝑒𝑚𝑎𝑛𝑑12𝐻 = 3 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝐴𝑀 + 6 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝐼𝑃 + 3 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝑃𝑀 

𝑆𝑝𝑒𝑒𝑑12𝐻 =
3 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝐴𝑀 ∗ 𝑆𝑝𝑒𝑒𝑑𝐴𝑀 + 6 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝐼𝑃 ∗ 𝑆𝑝𝑒𝑒𝑑𝐼𝑃 + 3 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝑃𝑀 ∗ 𝑆𝑝𝑒𝑒𝑑𝑃𝑀

3 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝐴𝑀 + 6 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝐼𝑃 + 3 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝑃𝑀
 

2.3.4 This 12-hour demand was then factored to the AAWT 24-hour demand using the following 
factors: 

 Light Heavy 

Motorway 1.277 1.299 

Other 1.215 1.23 

2.3.5 And the AAWT demand was factored to AADT demand using the factors: 

 24 H to AADT 

Motorway 0.981 

Other 0.959 

2.3.6 What was done (if anything) for getting 12 hour speed to AADT/AAWT speed? 

2.4 Non-Modelled Years Interpolation  

2.4.1 As Highways England required data for all intermediate years between the modelled years 
of 2015 and 2026, and linear interpolation has been used to produce data for these 
intermediate years.   It should be noted that where there has been a local large step-
change between 2015 and 2026, due to the opening of a scheme affecting capacity and/or 
speed, this will not be reflected in the linearly interpolated outputs and the effect of the 
scheme will be spread across the intermediate years.   

2.4.2 The linear interpolation was applied to individual period speeds and demands, from which 
each year’s AADT and AAWT values were calculated. The formulation for the interpolation 
of Demand (D) for a given year (Y), was: 

𝐷𝑌 = 𝐷2015 + 
(𝐷2026 − 𝐷2015)(𝑌 − 2015)

2026 − 2015
 

3. LINK FLOW AND SPEED COMPARISON 

3.1 Flow Set 

3.1.1 Highways England have provided a set of observed data. Highways England had 
undertaken the data processing to supply averaged AADTs and flows by time period.  Did 
they supply processed speeds for us to use as well?  

                                                           
1 Factoring Model Information received from Highways England 17/12/2018 
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3.1.2 The observed flow set supplied by Highways England was reduced to only include those 
counts within 5km of a NAQAP site, to the locations shown in Figure 3. 

 

Figure 3. Flow observations within 5km of NAQAP location 

3.2 Linking Observed Data to Model 

3.2.1 The observed data of flows and speeds was linked to the model in the first instance by 
using an automated process based on matching to nearby links and the associated 
direction of those links. Once this mapping had been produced, the links were manually 
checked and, where more than one link selected for a count, the correct link was 
identified. 

3.3 Flow Comparison Performance 

3.3.1 Table 3 below shows the comparison of observed and modelled flows for the sites 
identified.  The table shows performance by time period for all models aggregated and 
then by each of the five RTM models by time period.  The metrics shown are proportion 
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of links with GEH<5 (GEH is a measure of comparison of two figures commonly used in 
traffic flow comparisons), GEH<7.5 and a comparison using the DMRB flow criteria (based 
on flow levels and acceptable absolute and % differences). 

3.3.2 The performance of this set of links in each model is fairly poor overall, with just 42% of 
sites across all models and time periods with GEH<5, although there is significant variation 
between the models.  The North RTM performs well (79% of sites with GEH<5), 
Transpennine South (47%) and Midlands (48%) perform moderately and Southeast (26%) 
and Southwest (18%) perform poorly. 

3.3.3 The comparison is generally lower than the single-link validation reported in the RTM 
validation reports. This is largely as a result of the links in the AQ areas generally being 
closer to urban areas compared to the networks as a whole. The models perform worse 
in urban areas due to the effects of more fixed-speed network coding in these areas and 
greater complexity of the network offering greater route choice, than the inter-urban SRN 
movements where there is both less fixed speed network coding, and less route choice.  

Table 3. Comparison between modelled and observed flows 

  GEH  Pass (<5) GEH Near or Pass (<7.5) Flow 

  No. of Pass % of Pass No. of Pass % of Pass No. of Pass % of Pass 

All 

AM 279 43% 357 55% 335 52% 

IP 273 42% 365 56% 331 51% 

PM 261 40% 337 52% 313 48% 

North 

AM 22 88% 22 88% 22 88% 

IP 18 72% 23 92% 20 80% 

PM 19 76% 20 80% 20 80% 

Transpennine 
South 

AM 136 47% 173 60% 162 56% 

IP 135 47% 184 63% 167 58% 

PM 135 47% 178 61% 162 56% 

Midlands 

AM 76 50% 103 67% 96 63% 

IP 75 49% 101 66% 91 59% 

PM 71 46% 91 59% 86 56% 

Southeast 

AM 30 26% 42 37% 38 33% 

IP 32 28% 41 36% 38 33% 

PM 28 24% 37 32% 35 30% 

Southwest 

AM 15 23% 17 26% 17 26% 

IP 13 20% 16 25% 15 23% 

PM 8 12% 11 17% 10 15% 

3.3.4 The comparison of flows is also illustrated in the histograms shown in Figure 4. These 
show the percentage difference between modelled and observed flow. A close 
comparison would be expected to have a narrow spike at 0%, quickly tapering away on 
either side. 

3.3.5 The match around 0% is seen for NRTM, TPSRTM and MRTM, although with a slightly 
wider range than might be expected. 

3.3.6 The weaker performance of SERTM and SWRTM is however has a second spike near 100%. 
This suggests that for this comparison modelled flow is roughly double observed. As there 
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is a dip in the histogram prior to this, this spike would appear to be driven by observations 
which do not include every lane represented in the model flow. 

 

Figure 4. Histogram of Flow Comparisons 

3.4 Speed Comparison Performance 

3.4.1 Comparison of observed spot speeds and the link speeds from the model has been 
undertaken.   For the comparison, modelled speeds have been divided by observed and 
the result expressed as a percentage.  For example a result of 150% indicates that 
modelled speeds are 50% higher than observed speeds.  A cumulative distribution of the 
values obtains has been calculated and is shown in Figure 5. 

3.4.2 If the modelled speeds closely matched the observed then this graph would be very steep 
close to 100% and tapering quickly to 0% and 100% on either side.  Although the vertical 
section is centred around 100%, there is a range of 50%-150% around this. All five RTMs 
perform very similarly in this comparison. 
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3.4.3 The models all perform best in the inter peak period, which is to be as expected as the 
least congested conditions are observed during this period. Therefore there is least 
variability along the link and average actual speeds along the length of a link will be closest 
to observed speeds at the observation point. 

 

Figure 5. Cumulative comparison of modelled links within percentage of observed speed 

3.4.4 As the RTMs have their modelled times validated on total journey time, for journeys of 
several km, it is perhaps not surprising that the speeds at individual points do not 
consistently compare well with modelled link speeds. 

4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 Conclusions 

4.1.1 A set of model outputs was produced to input into Highways England’s Air Quality model. 
These provided flow in vehicles, percentage HGV and speed for each modelled hour from 
which values for AADT and AAWT were calculated. 
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4.1.2 Values have been interpolated for each year between the modelled years, but where large 
changes have occurred between modelled years, care should be applied as these may be 
related to a step-change in flows and/or speed relating to the implementation of a 
scheme.  The interpolation process will implement these changes smoothly between 
modelled years rather than the step change at scheme opening that might be expected in 
reality. 

4.1.3 The comparison with observed data is weaker than might be hoped, being lower than the 
average RTM performance for flows.  However, as discussed, the links used in the 
comparison are close to, and in some cases within, urban areas, which are the areas of 
the RTMs which are less strong for the reasons outlined in paragraph 3.3.3. 

4.1.4 Additionally the RTMs were validated in a scenario with roadworks in place, whereas this 
comparison has been undertake using  scenarios without roadworks.  The observed 
counts and speeds will include the effects of roadworks on the SRN by definition, even if 
they are not in the immediate areas of the observations. 

4.2 Lessons Learned 

4.2.1 The production of the flows was an iterative process, with modifications made to improve 
the process as issues became apparent.   There were several elements from which lessons 
would be learnt for undergoing this process again: 

 Checks were required to remove duplicate links from the input data as otherwise 
the process did not output sensible results. 

 Much time was used in reconciling the list of links sent with the links available in 
the model. A common data source for these links would have saved substantial 
time. 

 There is an outstanding question over whether duplicate links in the observed data 
represent true duplicates (i.e. detectors in series or simply duplicate data from the 
same location) or detectors in parallel on the same link covering individual lanes.  
Our work has assumed all duplicates are the former 

 Observed data was supplied with misleading units, leading to a misunderstanding 
of a goodness of fit. A frequency analysis of the observed data would have 
prevented misleading work. 
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