RELIABILITY OF JOURNEYS ON THE HIGHWAYS
AGENCY’S MOTORWAY AND ‘A’ ROAD NETWORK: THE
ON TIME RELIABILITY MEASURE
IMPORTANT NOTE
This methodology document refers to the previous Reliability statistics, the ‘On Time’
Reliability Measure, published for data between April 2010 and March 2015.
Since December 2015, we have been publishing a new suite of Travel Time
measures for the Highways England (formerly Highways Agency) network of
motorways and ‘A’ roads. Statistics are now published on Average speed, Average
delay and a new measure of Reliability, called the Planning Time Index.
We intend to publish a new methodology document covering these new Travel Time
measures later in 2016. For the time being, however, this methodology document for
the previous Reliability measure will remain here for reference purposes.
If you have any questions about these changes or require any further information
please email us at congestion.stats@dft.gsi.gov.uk.

METHODOLOGY
Summary
•

The Department for Transport Business Plan 2012-15 sets out a number of
impact indicators, designed to show the performance or output of public
services. One of these indicators is the “Reliability of journeys on Highways
Agency’s motorway and ‘A’ road network”.

•

The On Time Reliability Measure monitors the reliability of journeys made on
Highways Agency’s motorway and ‘A’ road network. This is measured by the
percentage of ‘journeys’ on the network that are ‘on time’.

•

For this measure:
-

A ‘journey’ represents travel between adjacent junctions on the
network.

-

An ‘on time journey’ is defined as one which is completed within a set
reference time, based on historic data on that particular section of
road.

•

Reference times are adjusted to take into account the expected impact of
planned roadworks.

•

Reliability performance is monitored for the whole of the Highways Agency
network of motorways and ‘A’ roads, 24 hours a day, every day of the year.
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1. Introduction
1.1 This document sets out the methodology used to measure the reliability of
journeys on motorways and A roads managed by the Highways Agency,
collectively known as the Strategic Road Network (SRN). A map of the SRN
is provided at Annex A.
The methodology described here is used to monitor performance against the
following impact indicator in the Department for Transport’s Business Plan
2012-15:
“Reliability of journeys on Highways Agency’s motorway and A road network”
1.2 This document reflects the most up-to-date methodology used for this
statistical release series. It applies to the statistics published
throughout the period of the release series (April 2010 to March 2015).
2. Overview of the On Time Reliability Measure
2.1 The On Time Reliability Measure (OTRM) monitors the percentage of
‘journeys’ on the SRN that are ‘on time’.
2.2 For this measure:
-

A ‘journey’ represents travel between adjacent junctions on the network.

-

An ‘on time journey’ is defined as one which is completed within a set
reference time.

2.3 Reference times are based on historic data, including a fixed tolerance, and
reflect the typical ‘journey’ time for that time and day, on that part of the
network. As a result, reference times will not always relate to free-flow
conditions as they will reflect the impact of historical levels of congestion at
different times of the day.
2.4 Reference times for each junction to junction link are updated on an annual
basis, at the start of each financial year, in order to reflect the latest
conditions experienced on each part of the network.
2.5 An additional allowance is made when planned roadworks are in place by
adjusting reference times according to the temporary speed limit in place on
that section of road. This allowance is only made for roadworks for which
advance notice has been publicly made available on the Highways Agency
website at:
http://www.highways.gov.uk/traffic-information/traffic-informationservices/scheduled-roadworks/
2.6 There are about 2,500 junction to junction links (road sections) on the SRN.
On motorways, a link is generally defined as the stretch of road between
motorway junctions and, on trunk ‘A’ roads, a link is the stretch of road
between other A road or motorway junctions.
2.7 Performance is monitored for all junction to junction links on the SRN, for all
15 minute time periods of the day, for every day of the year. This ensures that
measurement covers the whole SRN 24 hours a day, 365 days a year.
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2.8 Aggregated performance is weighted by vehicle miles so that longer and
busier links (higher traffic volumes) have a larger and proportionate
contribution overall.
3. Method for calculating the measure
Data source
3.1 The journey time data used to calculate the OTRM are taken from
Trafficmaster in-vehicle Global Positioning Systems (GPS), installed in a fleet
of around 70,000 probe vehicles.
3.2 The in-vehicle GPS data are supplied to the Highways Agency who map
these data to their own Highways Agency Traffic and Information System
(HATRIS) network, made up of around 2,500 junction to junction links, as
defined in paragraph 2.6.
3.3 Traffic flow data from Highways Agency automatic traffic counters are used to
aggregate performance across different times and junction to junction links.
3.4 The traffic flow and journey time estimates are held as average values for
each 15 minute time period throughout the day for each junction to junction
link on the network.
Estimating journey times
3.5 For calculating the OTRM, average journey times are estimated for each 15
minute time period throughout the day for each junction to junction link on the
network. These journey time estimates are made using real data with a good
temporal match.
3.6 Journey time estimates are based on a minimum of two (real) vehicle
observations per 15 minute period where available.
3.7 Where two vehicles are not observed in a specified 15 minute period, vehicle
observations from adjacent 15 minute periods (i.e. 15 minutes either side) are
used (together with an observed vehicle in the central period if it exists) to
estimate the average journey time for that central 15 minute period. Again, a
minimum of two vehicles is required across the three time periods.
3.8 .Where less than two vehicles (in total) are observed within the specified 15
minute time period or 15 minutes either side, vehicle observations from two 15
time periods (i.e. 30 minutes) either side are used to estimate the average
journey time for that central 15 minute period. As before, a minimum of two
vehicles is required across the five time periods.
3.9 Where less than two vehicles (in total) are observed within the specified 15
minute time period or 30 minutes either side for a particular section of road or
time period, reliability performance is imputed using the methods outlined later
in this document.
Reference times
3.10
Reference times are first calculated for each 15 minute time period, for
each link on the network and for each of 13 distinct day types, as shown
below:
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Figure 1: Day Types
DAY TYPE

DESCRIPTION

DAY TYPE

0

First working day of
normal week

7

1

Normal working Tuesday

9

2

Normal working
Wednesday

11

3

Normal working Thursday

12

4

Last working day of
normal week

13

5

Saturday

14

6

Sunday

DESCRIPTION
First day of week - school
holidays, excluding day
types 12,13 and 14
Middle of week - school
holidays, excluding day
types 12, 13 and 14
Last day of week - school
holidays, excluding day
types 12, 13 and 14
Bank Holidays, including
Good Friday and excluding
day type 14
Christmas period holidays,
days between Christmas
Day and New Years Day
Christmas Day/New Years
Day

3.11
The combination of each of these day types with the 96 individual 15
minute intervals on each day leads to 1,248 separate reference times for
each link and over three million references across the network as a whole.
3.12
Each reference is intended to reflect the time it would typically take
road users to travel the link on a particular day type and time. In some cases,
particularly during peak hours, it should be noted that this reference time may
be significantly longer than during free-flowing driving conditions.
3.13
Within each day type and time period, historic ‘journey’ time data
(based on the estimates made using the approach set out above) are
extracted for the most recently completed calendar year. Any data for links
affected by roadworks are removed at this stage so that references reflect
typical travel times when works are not in place.
3.14
If sufficient historic journey time data exists for a specified link, day
type and time period, the median (middle) ‘journey’ time value from these
data is calculated. This median value is then capped to the speed limit and a
fixed tolerance of three seconds per mile is added. The resulting ‘journey’
time value is taken as the reference time for the link.
3.15
Where sufficient historic data do not exist in the most recent calendar
year for a particular link, day type and time period, alternative methods are
used to set the reference time. These begin with the extraction of data from
additional calendar years and are summarised in Annex B.
3.16
Reference times are updated at the start of each financial year to
ensure that they reflect road users’ most recent experiences of travelling on
the SRN.
Calculating OTRM performance
3.17

The performance of each link is calculated in three separate stages.
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i.

For all time periods unaffected by roadworks where journey time
estimates are available, performance is calculated by comparing the
observed ‘journey’ time with the corresponding reference time for that
link, time period and day type. If the observed time falls within the
reference, all ‘journeys’ within that time period are considered to be ‘on
time’. If the observed time exceeds the reference, these ‘journeys’ are
considered to be ‘not on time’. The following chart provides a graphical
illustration of this approach.

Figure 2: 'On time' performance concept
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ii. For those time periods affected by roadworks, an adjustment is made
to the reference time before the observed ‘journey’ time comparison is
made. This adjustment attempts to take account of the impact of the
works by increasing the reference time according to the temporary
speed limit in place during that time. The methodology used for this
adjustment is set out in Annex C.
iii. The final calculation stage applies to those time periods where
observed journey time estimates are not available to estimate
reliability. For these periods, performance is imputed at a link level by
month with corresponding day-time (06:00-20:00) and night-time
(20:00-06:00) averages where there is sufficient data (60 per cent
completeness during the day and 30 per cent completeness at night).
Where sufficient data are not available, national day-time and nighttime averages for that month are used to impute individual road
sections and time periods.
Aggregating OTRM performance
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3.18
The performance for each time period on each link is aggregated in the
Department’s statistics both geographically and over time. In these
aggregations, individual time period information (‘on time’ or ‘not on time’) is
weighted by the number of vehicle miles they account for. This is achieved by
multiplying the length of the link in question by the traffic flow expected at that
time and ensures that longer and/or more heavily trafficked links have a
greater contribution to overall performance.
3.19
The final aggregated statistics are presented in terms of the
‘percentage of journeys on time’.
3.20
The following table provides an example of how individual time period
data are aggregated through the OTRM:
Figure 3: Example of aggregation of performance
M25 between M25 J16 and M25 J18,
08:00 – 09:00, 12th January 2011
Link / Time

Vehicle miles

Vehicle miles

Percentage of

total

‘on time’

‘on time journeys’

J16 – J17, 08:00 – 08:15

7,137

7,137

100%

J17 – J18, 08:00 – 08:15

1,935

0

0%

J16 – J17, 08:15 – 08:30

6,986

6,986

100%

J17 – J18, 08:15 – 08:30

1,935

0

0%

J16 – J17, 08:30 – 08:45

6,527

6,527

100%

J17 – J18, 08:30 – 08:45

1,935

0

0%

J16 – J17, 08:45 – 09:00

6,535

6,535

100%

J17 – J18, 08:45 – 09:00

1,935

0

0%

Total

34,925

27,185

77.8%

OTRM performance for individual routes and between junctions
3.21
The OTRM monitors reliability performance for all junction to junction
links on the SRN and is aggregated to provide a single overall figure for
national reliability across the network.
3.22
Reliability data for individual road sections are not published where the
level of national imputation used in that estimate is greater than 20 per cent or
where corresponding references are of very poor quality.
4 Important notes on the data and the construction of the OTRM
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4.1 When using OTRM data the following important notes should be taken into
consideration:
i.

The data that underpin the measure are in the form of average ‘journey’
times along each junction to junction link on the network for each 15
minute time period. Information is not held on individual ‘journey’ times for
every vehicle traversing a link. Some of the variability in travel times within
a 15 minute time period will therefore not be captured by the data.

ii. For the measure a ‘journey’ represents travel between adjacent junctions,
it does not represent customers’ journeys from start to finish (e.g. London
to Birmingham).
iii. The measure aims to provide a metric of reliability by comparing observed
‘journey’ times with reference times. Reference times are based on a
historic average for that day and time and do not represent the quickest
travel time possible. Therefore, at certain locations and times on the SRN,
some ‘journeys’ at slower speeds may be considered more reliable than
other faster ‘journeys’ on the network.
iv. Speed limited vehicles are likely to have an impact on performance (e.g.
when comparing observed and reference times that have a different mix of
vehicle types), particularly during the night where these types of vehicle
make up a much greater proportion of all traffic.
v. The measure only monitors whether ‘journeys’ are ‘on time’ or ‘not on
time’. It takes no account of the difference between the observed ‘journey’
time and the reference. The level of delay remains important however as,
the higher the amount of delay generated, the longer it will take for
conditions to return to normal and the greater the number of time periods
there will be classed as ‘not on time’.
vi. Performance is weighted by vehicle miles to ensure that longer and/or
more heavily trafficked links are weighted proportionately. This means that
a single ‘not on time’ period during peak hours may have a higher
weighting on the overall measure than multiple ‘on time’ periods over
night. It also means that some shorter, more heavily trafficked links, will
have a greater impact on the measure than some longer links. The same
also applies to months that are more heavily trafficked than others.

vii. Part and full road closures are measured in different ways:
•

It is expected that the quality of ‘journey’ time data during part road
closures (where lane availability has been reduced but the road
remains open) will in most areas remain at a level considered suitable
for inclusion in the measure.

•

Where full closures are enforced, no ‘journey’ time data will be
available and, as a result, performance for those time periods will be
imputed (as described in paragraph 3.17). However, it should be noted
that full road closures will almost certainly have an impact on the
performance of adjacent links and any diversion routes on the network.
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viii. If the length and/or speed limit of a link changes during the measured
period then performance for that link will be imputed for the remainder of
the financial year. Historic data for the link captured prior to the change will
not be used when setting reference times.
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Annex A: Map of the Strategic Road Network
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Annex B: Calculation of reference times
Introduction
This annex explains how reference times are calculated for each link, day type and
time period. This methodology produces over three million reference times,
represented by:
(approx) 2500 links x 13 day types x 96 time periods
Calculating the reference time
Reference times are calculated in six stages. Any journey time data affected by
roadworks are also removed prior to calculating the references. Any data collected
prior to a change in the speed limit or length of a link are also removed at this stage.
Stage 1
•

For each link, day type, and 15 minute time period, historic journey time data
are taken from the most recently completed calendar year.

•

If there are at least four instances over the year where data were available
for this 15 minute interval, then the median (middle value) of these journey
time data is calculated.

•

If there are fewer than four instances over the year where data were
available for this time period, then historic data are taken from the two most
recently completed calendar years and, again, the data are examined for at
least four separate instances of data.

•

This process is repeated for all calendar years back to and including 2007.

Stage 2
•

For any 15 minute time periods for which a reference could not be calculated
under stage 1, vertical infilling is applied so that any references that have
been set within 30 minutes of the missing time period are used to estimate the
median. Within this process, priority is initially given to references that fall
within 15 minutes of the missing time period.

•

For example:

NOTE – The infill process does not wrap around midnight.
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Stage 3
•

For any 15 minute time periods for which a reference could not be calculated
under stages 1 or 2 and that fall during the night (20:00-00:00 & 00:00-06:00),
the median of all ‘journey’ times on the link during these night time periods are
used to estimate the reference.

•

A minimum of 20 instances of night-time data must be available for a link for
the reference to be set and, as with the first stage, the process begins with the
most recently completed calendar year and then expands this to the two most
recently completed years and so on back to 2007.

Stage 4
•

For any 15 minute time periods for which a reference could not be calculated
under the first 3 stages, the median ‘journey’ time on the link for this time
period on similar day types are used to estimate the reference.

•

Similar day types are defined as:

•

Similar Day
Types

Day Type

Description

0

Any - First Working day of normal week

1

Tuesday - Normal working Tuesday

1, 2, 3, 9

2

Wednesday - Normal working Wednesday

1, 2, 3, 9

3

Thursday - Normal working Thursday

1, 2, 3, 9

4

Any - Last Working day of normal week

5

Saturday - Saturday

5, 6, 12, 13

6

Sunday - Sunday

5, 6, 12, 13

7

Any - First day of week - School holidays

9

Any - Middle of week - School holidays

11

Any - Last day of week - school holidays

12

Any - Bank Holidays

5, 6, 12, 13

13

Any - Christmas period holidays

5, 6, 12, 13

14

Any - Christmas day/new years day

0, 7

4, 11

0, 7
1, 2, 3, 9
4, 11

14

As with the first stage, a minimum of four instances of ‘journey’ time data are
required from similar day types to calculate the median and the process
iterates through completed calendar years, starting with the most recent and
extending back to 2007.

11

Stage 5
•

For any 15 minute time periods for which a reference could not be calculated
under the first four stages, the median of all available ‘journey’ time data –
across all day types, time periods and calendar years – are used to estimate
the reference for the link.

•

Again, a minimum of four instances of ‘journey’ time data are required to set
the reference under this stage.

Stage 6
•

For any 15 minute time periods for which a reference could not be set under
any of the first five stages, the free flow ‘journey’ time for the link is used to set
the reference.

•

Free flow speeds are defined as below (all in mph):
Speed Limit

Trunk ‘A’ Road,
single carriageway

Trunk ‘A’ Road,
dual carriageway

Motorway

30

22

25

-

40

32

30

-

50

40

37

50

60

45

57

60

70

-

62

67

Capping to the speed limit
Once all the above stages have been completed, any calculated ‘journey’ times that
exceed the speed limit on a link are capped to the speed limit.
Adding the tolerance
Finally, reference times are derived by adding a fixed tolerance of three seconds per
mile to each of the calculated ‘journey’ times.
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Results and uses
References are updated at the start of each financial year so:
•

References set using 2007-9 data are used to calculate performance during
2010/11.

•

References set using 2007-10 data are used to calculate performance during
2011/12.

•

References set using 2007-11 data are used to calculate performance during
2012/13.

•

References set using 2007-12 data are used to calculate performance during
2013/14.

•

References set using 2007-13 data are used to calculate performance during
2014/15.

The following table shows the percentage of references set at each stage in each
reference year.
Stage set

2007-9

2007-10

2007-11

2007-12

2007-13

1

73.5

76.1

78.1

79.7

81.2

2

4.5

4.3

4.2

4.0

3.7

3

7.8

7.2

7.0

6.7

6.3

4

3.4

3.0

2.4

2.1

2.0

5

10.6

9.1

8.1

7.3

6.6

6

0.2

0.2

0.2

0.2

0.2

3,116,256

3,108,768

3,103,776

3,103,776

3,116,256

Total number
of references
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Annex C: Allowance for planned roadworks
The OTRM includes an allowance for planned roadworks with temporary speed limits
in place. It is assumed that in these circumstances ‘journey’ times will be different
from normal operation.
An allowance is only made for works that are recorded within the Highways Agency’s
Scheduled Roadworks database as ongoing or have been completed and are of the
following types:
Barriers - Permanent
Barriers - Temporary
Carriageway - Anti-Skid
Carriageway - Reconstruction/Repair
Carriageway - Resurfacing/Overlay
Central Reserve Works
Communications
Construction - Bridge/Structure
Construction - Bypass/New
Construction - Improvement/Upgrading
Diversion Route
Drainage
Electrical Works
Horticulture (Cutting & Planting)
Inspection/Survey
Litter Clearance
Other
Safety Barrier/Fence Repairs
Signs - Erection
Signs - Maintenance
Structure - Inspections
Structure - Maintenance
Structure - New/Reconstruction
Structure-Repairs
SU Works
Sweeping of Carriageway
To Be Advised
Tunnel Maintenance
Verge/Off-Road Works
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White Lining/Road Markings
And not of the following types:
Closed on Police Instruction
Emergency Work – Unspecified
Emergency Work–Unspecified
Event
Police Reconstruction
Road Traffic Collision
Training
The allowance for these planned roadworks is applied proportionately based on the
difference between the standard and temporary speed limit.
Specifically, the pre-tolerance adjusted reference time is calculated using the
following formula:
ART = RT * ( PSL / TSL )

Where:
ART = Adjusted reference time (pre tolerance)
RT = Reference time (pre tolerance)
PSL = Permanent Speed Limit
TSL = Temporary Speed Limit
For example, for a 5 mile motorway link (70mph) affected by roadworks (50mph) and
with an original reference time (before the tolerance was added) of 100 seconds, the
pre-tolerance adjusted reference would be calculated as follows:
Adjusted reference time (pre tolerance)

= 100 * (70/50)
= 100 * 1.4
= 140 seconds

A tolerance of 15 seconds (three seconds per mile) would then be added to calculate
the final adjusted reference time for that link.
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