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1 Introduction

1.1 Pilot Study Context

1.1.1  DfT awarded the PB/WSP supplier consortium a contract to carry out research into bus journey time
variability in urban areas in England (outside of London). The first stage of this project was the submis-
sion of a Technical Report to outline the factors which were understood to affect variability from existing
research and literature and to propose a methodology for the ‘real-world’ collection of data necessary to
derive robust estimates of the impact of the different factors which affect journey time variability.

1.1.2 Following identification of a suitable location and service, engagement of local stakeholders and agree-
ment between DfT and PB/WSP on the scope of the data to be gathered, a Pilot Study was conducted
on buses operating in service between Bath and Bristol in November 2013.

1.1.3 From the Technical Report’s literature review, it was possible to determine the implied importance of
various factors influencing bus journey variability. These are provided in Table 1 below.

Element Implied Complexity of existing research with
Importance | respect to journey time variability

General traffic High Simple relationships

Priority at junctions High Simple examinations for whole route or

service; complex at specific junctions

Route length High Complex relationships for specific routes

Number of bus stops in route High Some investigation

Priority between junctions (segregated lanes) | Medium Simple examination

Vehicle spacing policies Medium No substantial studies

Ticket type Medium Investigated within dwell time

Physical characteristics of the stops Low No substantial studies

Experience of bus drivers Low No substantial studies

Number of doors Low No substantial studies

Frequency of public transport use Low No substantial studies

Weather Low No substantial studies

Table 1 Implied Importance of Factors Affecting Bus Journey Time Variability

1.1.4 The factors with the highest implied importance are also those factors which are analysed and presented
in this report, with the addition of consideration of passenger numbers and whether passengers travel
with cash or non-cash fares. These latter factors were identified as potential key issues from the project
team’s work with the local stakeholders.

1.1.5 Chapter 3 of the Technical Report identified that the measure of variability which would be adopted in
this study would be the coefficient of variation (CV), as it is the recommended measure of urban travel
time variability (by DfT, through WebTAG, and others). Testing of each variable would be done against
the calculated CV and repeated by combining variables using multi-variate regression.

1.2 Overview of Data Collected

1.2.1  The data collection process of the Pilot Study, described fully in Appendix A, generated one observation

record for each bus journey on which the enumerators travelled. As the survey period covered 15 con-
secutive weekdays (between 04/11/2013 and 22/11/2013) and 5 enumerators were deployed to collect
data on each day, undertaking 4 separate bus journeys during each shift, a total of 150 bus journey rec-
ords were due to be collected for each direction of travel. Initial analysis has focused on the direction
from Bristol to Bath and, primarily due to the disruptive effects of late running on previous journeys, 6
records of journeys are not available. Therefore in total, there are 144 records collected for Bristol to
Bath and which have been used to calculate the bus travel time in this analysis.
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1.2.2 Bus journey time consists of vehicle travel time and dwell time at bus stops (for passenger boarding and
alighting). Consequently, the data collection process included the recording of bus arrival and departure
times, while the analysis which is intended to prove the data collection process and the in-principle use of
such data has been carried out at the total journey time level. It would be possible to re-run the analysis
to separate out dwell time, however this would result in a slightly smaller number of data points as enu-
merators were not always able to record both arrival and departure times accurately. Thus for this anal-
ysis, the bus travel time between any two stops (whether consecutive or not) is calculated by the differ-
ence between the values of departure time associated to the two stops.

1.2.3 Along the route, there are 37 stops in total from Bristol to Bath, which lead to 666 combinations of stop
pairs. Ideally for data modelling, although not necessarily for bus operation, there would be 144 records
of bus travel time for each of these 666 pairs of stops, to allow the average travel time to be worked out
and also the standard deviation (SD) values together with coefficient of variation (CV) values. However,
the enumerators were not always able to record the departure time for stops where the bus driver did not
stop (as there were no passengers to get off and/or get on). Therefore for those bus stop pairs with only
one stop having a departure or arrival time recorded, no travel time value is generated. As a result of
this, a varied number of observations for different stop-stop combinations exist. For pairs of stops which
are located in very densely-trafficked areas and which incur much more frequent stopping activities, the
sample size tends to be large and close to 144, and in sparsely-trafficked areas the opposite is true.
This defect could be remedied by introducing GPS data to provide values where enumerators have
missed the records out however this is not necessary to prove the concept of creating a model and has
therefore not been done at this stage. Although it may improve the analysis, it is not guaranteed to justify
the additional data manipulation required at the Pilot Study stage.

1.3 Data for Analysis

1.3.1  Following data collection and processing, the dataset available consisted of up to 144 trips for each of
the 666 (= (37x36)/2) stop-stop route sections. For consistency, in this report, each stop-stop combina-
tion is referred to as a ‘route section’ and each of the 144 instances is referred to as a ‘journey’.

1.3.2 The following data was available and has been analysed:
m The travel time on the route section for each journey;
m The total number of passengers boarding and alighting the service during each journey;
m The total number of boarding passengers paying with cash/non-cash during each journey; and
m The number and types of junctions in each route section;

m A sample of TrafficMaster data showing sampled journey times along route sections in 15 minute
segments.

1.3.3 Although some further data were available, the items above have been selected to demonstrate the
potential of the method of analysis.

1.4 Initial Data Checks

1.4.1  The first step in the analysis is to check the impact of the varied sample size for the different route sec-
tions. 58 pairs of stops have fewer than 3 journey records and have been excluded from the analysis.
For the rest of the route sections, it is possible to plot a scatter chart of CV values of travel time against
the number of records, as shown in Figure 1a below.
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Figure 1b: Chart of scatter points for sample size VS CV of journey time including dimension of peak/off peak

1.4.2

As can be seen from the above figure (1a), if the sample size is small, the CV values tend to be greater
and more varied. As the sample size increases, CV values become more concentrated. This demon-
strates that a small sample size may introduce bias. Based on observation of this chart, the threshold for
the sample size was initially set to 50, providing a reasonable number of route sections for analysis and
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avoiding the apparent fall in CV as the number of records falls. Therefore, the initial steps in the analysis
only consider the 201 route sections with at least 50 records.

1.4.3 Inlater analysis, segmentation of the data into peak and /off peak' periods was introduced. Figure 1b
shows the relationship between CV and observations once this segmentation is introduced. Based on
observation of this chart, and to ensure a sufficiently large sample of routes to analyse, the threshold for
the peak/off-peak analysis was lowered to a minimum of 10 observations.

1.4.4 As many of these combinations overlap by sharing the same section of route, bias could be introduced
and make the results less representative. To allow some degree of sense-checking therefore, the sec-
tions between the operator-specified timing points2 have been highlighted, as they are contiguous (with-
out overlapping):

m Bristol Bus Station to Temple Meads;

m Temple Meads to Brislington Square;

m Brislington Square to Saltford Tyning Road;
m Saltford Tyning Road to Newton St Loe; and
= Newton St Loe to Bath Bus Station.

As there are only 5 such sections, conclusions cannot be drawn from these points alone, and indeed it
would not be unreasonable to expect these to exhibit different characteristics to sections not involving
timing points, as buses operating early would be more likely to wait at these points, in order to comply
with the advertised timetable. Nevertheless, highlighting the sections is of relevance to the operator, in
terms of the construction and performance of the timetable.

1.4.5 A map of the route is provided in Appendix B. It can be noted that the last two sections have a sample
size of fewer than 50 journey records (35 and 42 respectively) and hence would otherwise have fallen
outside of the group of the initial 201 selected route sections. For the purpose of highlighting the differ-
ent characteristics of each route section, these stop pairs have been included intentionally. Therefore, in
total, 203 stop to stop sections along the route are included in the analysis, spread over all 144 journeys
departing during the period of the enumerator observations (14:26 until 18:15 hours).

' For simplicity, it was defined that if more than 50% of the whole bus journey (from the departure stop to the destination stop) takes place
in the off peak period (10:00 am to 4:00 pm), the journey is treated as off peak. As the average bus travel time from Bristol to Bath is 1
hour, all the bus journeys departing before 3:30 pm are treated as off peak and those after 3:30pm as peak.

2 A timing point is a bus stop along the line of route of a service at which the operator has specified the departure time. These are required
to be specified in the timetable at regular intervals, as part of the service’s registration with the Traffic Commissioner.
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2 Analysis of Factors Influencing Bus Journey
Time

2.1 Introduction

2.1.1 In the following sections, analysis is presented of the survey data on bus journey times and which inves-
tigates the influence different journey factors have on the variation recorded.

2.1.2 In the previous stage of this work, we conducted a literature review to identify what the most appropriate
measures of variation would be. It had been noted that, for general traffic, while the standard deviation of
travel time increases with journey distance, it increases less fast than the mean. This means that the ra-
tio of standard deviation to the mean (defined as Coefficient of Variation or CV) falls with increasing dis-
tance.

2.1.3 For this reason CV is the standard measure for comparing different situations where mean values of
travel time may be substantially different. It is also the recommended measure for urban travel time vari-
ability in general traffic (DfT 2013). Essentially, the CV indicates a journey becomes more reliable as the
value tends towards 0.

2.1.4 We have therefore used CV as the standard measure of variation throughout this work, with some com-
parison against Standard Deviation and Average Journey Times where this provides useful comparators.

2.2 Influence of Total Journey Time

2.2.1 In appendix C, for each stop to stop combination, the average travel time, standard deviation value and
CV value are calculated. This table replicates Table 2 of the Technical Report, but replaces the synthetic
data with empirical data. The relationship of average journey time with the CV has been plotted in Figure
2, and with standard deviation (SD) in Figure 3.

Standard Deviation, Coefficient of Variation and Heterscedasticity

2.2.2 The different relationships displayed for SD and CV are very much in line with the findings for general
traffic in Saltford in October 2012, using Trafficmaster data?, that while the standard deviation of travel
time increases with journey distance, it increases less quickly than the mean, so that the coefficient of
variation [CV] (standard deviation divided by the mean) falls with increasing distance. This confirms that
CV is a useful measure for considering the change in journey time variability with distance.

2.2.3 It appears however from Figure 2 that the variation in CV decreases as journey time increases, whereas
the SD has a relatively constant level of variation.

2.2.4 This suggests that the relationship of CV to journey time may be heteroscedastic (having non-constant
variance), whereas the relationship with SD is homeoscedastic (having constant variance). Similar pat-
terns are seen later when comparing CV and SD with other independent variables.

2.2.5 This does raise some concern for regression modelling, as the estimation of a linear model inherently
assumes that the variation is constant. This has been noted, but was not thought to invalidate the tests of
relative strengths of relationships within this work. There are techniques available which can attempt to
formally detect and correct for heteroscedasticity when estimating relationships. If proceeding to formally
estimate an econometric model to explain journey time variability, such an approach may be justified.
However, as this exercise is largely exploratory it is not felt that the presence of heteroscedasticity at this
stage is likely to alter the overall conclusions.

3 PBWSP Bus Journey Time Variability in Urban Areas Technical Report, tables 7 and 8
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Figure 2: Chart of scatter points for average journey time vs CV of journey time, by route section*

Average Total Journey Time (Stop
Departure to Stop Departure) VS SD of JT
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Figure 3: Chart of scatter points for average journey time vs SD of journey time, by route section

4 Note that in this and all subsequent analysis using journey time, the actual time used in the equations is the time as a fraction of a 24 hour period. This is a
convention in Microsoft Excel which is helpful for analysis. Axes have been labelled in hours, minutes and seconds (hh:mm:ss).
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2.2.7

2.2.8

2.3

Conclusions for Bus Variability

Figure 2 shows that as average journey time becomes longer, the CV values tend to be more concen-
trated, and decline rapidly at first, and then more gradually. This supports the theory that buses make up
lost time during a journey: although there may be delay on some sections of the route, it is possible with-
in the route’s schedule for a bus driver to catch the time up later.

The light coloured points in the chart are those route sections with 50 observations or more, and the
darker points are the 5 timing point to timing point pairs. Among these 5 timing point sections, when av-
erage journey time increases, the CV becomes larger which is counter to the general theory, though it is
perhaps not surprising that amongst a small subset external effects would be significant. It is worth not-
ing that the Saltford to Newton St Loe and Newton St Loe to Bath sections, which have fewer than 50
observations, have the lowest CV values, which gives some reassurance that low sample size is not
leading to high variability in these samples. The other possible reasons for this counter-trend are con-
sidered in more detail in the following analyses.

Figure 3 shows standard deviation (SD) values for each route section, again arranged by increasing
average journey time. As can be seen from the chart, there is a strong linear relationship between aver-
age journey time and SD of journey time (regression equation: y = 0.1701x + 0.0006, where x= average
journey time, y= SD of journey time, with a comparatively large R? value of 0.8294). Though this shows
the highest absolute variation in journey time occurs for the longest route sections, the slope value of
0.17 confirms (as already suggested by Figure 2) that this variation is growing more slowly than journey
time itself: i.e. when the bus travels for a longer time, the variation in time becomes proportionally small-
er.

Influence of Number of Stops
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Figure 4: Chart of scatter points for number of stops passed vs average journey time by route section
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Number of Stops VS SD of JT

< Number of stops & Highlight ——Linear (Number of stops)
00:11:31
O
—~ 00:10:05 >
2 O
E 00:08:38
= O
< 00:07:12 < 0]
E 00:05:46 ©
‘.6 . . 8<><> Q Q
2 00:04:19
00:02:53
00:01:26 y = 0.0002x + 0.0009
o R?=0.6522
00:00:00 . .
30 40
Number of Stops
Figure 5: Chart of scatter points for number of stops passed vs SD journey time
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Figure 6: Chart of scatter points for number of stops passed vs CV of journey time, by route section

2.3.1  The above three charts examine the number of bus stops passed for each route section, against the
average travel time, SD and CV values respectively. It should be noted that this analysis does not relate
to whether the bus stopped at intermediate stops or not on each journey. As already discussed in para-
graph 2.2.4, the relationship for CV also shows some sign of heteroscedasticity.
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2.3.2

2.3.3

24

As would be expected, the number of stops is strongly correlated to the average travel time and standard
deviation value. Significantly, the standard deviation is slightly less correlated with stops (Figure 5) than

journey time (Figure 3), but the CV is more correlated (Figure 6, stops, and Figure 2, journey time). This
suggests that the number of stops passed has more influence on ‘catch-up time’ than simply the journey

time itself.

Amongst the timing point sections, Newton St Loe to Bath has the largest number of stops passed, which
seems to offer some explanation for its lower CV value.

Influence of Number of Junctions Traversed

Number of Junctions Traversed Between
Stops VS Ave Journey Time (Stop Departure
to Stop Departure)

< Number of junctions traversed between stops
& Highlight

—— Linear (Number of junctions traversed between stops)

00:57:36 M

01:12:00

Ave Journey Time("hh:mm:ss")

00:43:12
y = 0.0007x + 0.0016
R?=0.9207
00:28:48
00:14:24
00:00:00 N (e T T T T T 1
0 10 70

20 30 40 50 6
Number of Junctions Traversed Between Stops
Figure 7: Chart of scatter points for number of junctions traversed vs average journey time
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Number of Junctions Crossed Between Stops
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Figure 8: Chart of scatter points for number of junctions traversed vs SD journey time
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Figure 9: Chart of scatter points for number of junctions traversed vs CV of journey time
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2.4.1 The relationship between the number of junctions traversed and bus travel time (average journey time,
SD and CV) shows a similar pattern to the number of stops passed. However, the number of junctions is
very highly correlated with average journey time (R-squared>90%), and the CV is only weakly correlated
(R-square<20%). This suggests that the number of junctions for the total journey is not such a useful
predictor of journey time variability which leads to the consideration of the type of junctions, including the
presence of physical bus priority measures.

2.5 Influence of Junction Type

2.5.1 As shown above in Figures 7 to 9, the influence of the number of junctions traversed on journey time
variability does not appear to be very strong. However, it was thought likely that the type of junction may
influence the amount of journey time variability introduced by the junction itself. Indeed, any convention-
al bus priority scheme would be expected to improve both absolute journey time and variability.

2.5.2 Toisolate this factor, the junctions have been grouped by type, and the number of junctions of each type
along the route was summarised. Figure 10 below shows the junctions grouped into 8 separate types>,
and the number of these types between each adjacent stop-pair. The count of the number of each junc-
tion type occurring is shown in brackets on the key. Hence it can be seen that the number of controlled
pedestrian crossings (36) without bus priority exceeds the total of all other types (26). There are 9 junc-
tions in all with physical bus priority of some form.

5 These categories of junction were available as part of the data collection. It has been subsequently suggested that the complexity of the junction be reviewed.
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§ Bath City Centre, James Street West (Wf)

§ Bath City Centre, James Street West (Gc)

§ Kingsmead, Nile Street (E-bound)

§ Lower Weston, Comfortable Place (E-bound)

m Controlled (No bus priority) (6)

§ Lower Weston, Park Lane (E-bound)

§ Lower Weston, Windsor Villas (NE-bound)
§ Lower Weston, The Weston (E-bound)

§ Newbridge, Horstmann Close (E-bound)

§ Newbridge, Charmouth Road (SE-bound)

§ Newbridge, Rudmore Park (S-bound)

§ Newbridge, Newbridge Gardens (SE-bound)
§ Newton St Loe, Twerton Fork (E-bound)
Newton St Loe, The Globe (E-bound)

§ Corston, Corston Lane (E-bound) —

W Uncontrolled (No Bus priority) (6)

M Controlled Ped Crossing (No Bus Priority) (36)

] m Uncontrolled Ped Crossing (No bus priority) (5)

1 H Controlled with bus priority (4)

§ Corston, Dryleaze (SE-bound) m Uncontrolled with bus priority (1)
§ Saltford, The Shallows (S-bound)
Saltford, Tyning Road (SE-bound) Controlled Ped Crossing with bus priority (4)

§ Saltford, Norman Road (SE-bound) r
§ Saltford, Copse Road (SE-bound) 1 Uncontrolled Ped Crossing with bus priority (0)
§ Keynsham, Pixash Lane (SE-bound)

Route Section

§ Keynsham, Ellsbridge House (E-bound)
§ Brislington, Hicks Gate (E-bound)
§ Brislington, adj Brislington House

§ Brislington, Emery Road (E-bound)

§ Brislington, Flowers Hill (E-bound)
Brislington, Brislington Sq (B)

§ Brislington, Eagle Road (E-bound)

§ Arno’s Vale, Tramway Road (SE-bound)
§ Arno’s Vale, Arno’s Court ©

§ Arno’s Vale, adj Paintworks

§ Totterdown, Totterdown Bridge (E-bound)
Temple Meads, Temple Meads (Stop tg)
§ Redcliffe, Victoria Street (Stop tv)

§ Redcliffe, Victoria Street (Stop bf)

§ Bristol City Centre, The Centre (Cp)
Bristol, Bristol Bus Stn

T T T

0 1 2 3 4 5 6 7 8
Number of Junctions Between Stops

Figure 10: Number of Junctions between adjacent stops, by junction type

2.5.3 Figure 11 and Figure 12 below show the difference in speed and coefficient of variation split between
junctions with and without bus priority. In this analysis, the time between adjacent bus stops has been
focused on solely because any impact on bus journey time specifically from the junction would be ex-
pected to have a large impact from one bus stop to the next. Also, the measure of junction numbers
which has been used is ‘junctions per km’, rather than the absolute number of junctions. This prevents
the distance travelled between stops from biasing the results.

2.5.4 The speed chart (figure 11) shows that bus speeds are higher on average where there are fewer junc-
tions. However, there are a number of route sections with few or no junctions present which have rela-
tively low speeds. There is no evidence of a major difference with or without bus priority, although this
may be because the bus priority is improving conditions to the level seen where there is no priority.

2.5.5 The coefficient of variation chart (figure 12) shows CV of journey time is lower for sections with fewer
junctions, which seems intuitively correct although it has been seen above that the relationship is not
strong. Again, the sections with few or no junctions do not have a consistently lower variation in journey
time, and no pattern of difference is seen for junctions with or without priority.
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2.6
2.6.1

Hence it can be concluded that a small number of junctions is necessary to achieve higher speeds and
lower variation, but is not a sufficient condition in itself. On the evidence provided thus far, there appears
to be no difference in impact according to whether there is bus priority or not. However, with such a
small sample it is likely that other factors are involved which may explain this and it is not the objective of
this study to consider or estimate the bus journey time which would occur if there were no bus priority.
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Figure 11: Number of Junctions per km by Average Speed between stops
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Figure 12: Number of Junctions per km by Coefficient of Variation between stops

Influence of General Traffic

As the data collection element of the study was concerned primarily with bus-specific data, such as pas-
senger characteristics, Trafficmaster GPS data was processed to provide a sample of general traffic

speeds and journey times for comparative sections of the bus route. The processing of this data is out-
lined in ‘Data cleansing and preparation’ in Appendix A, Pilot Study Data Collection. This data provided
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a total of 127 incidents where the Trafficmaster and bus journey time data are co-incident in terms of
time and location i.e. the same route section is covered during the same 15 minute period. This covers
23 of the possible stop-stop route sections, of which 11 have either 1 or 2 observations, and only 5 have
more than 10 observations. This makes variation in journey time extremely hard to determine on the ba-
sis of ‘'same time, same place’. This selective dataset has therefore been analysed alongside the full set
of observations for each route section, considering bus and Trafficmaster data independently. The two
approaches will clearly address slightly differing questions, as follows:

2.6.2 ‘Same time, same place’: Demonstrating to what extent at a specific location variations in bus journey
times are related to variability in the journey time of general traffic occurring at the same time. Given the
fixed distances involved it may be clearer to consider this in terms of speeds: does the bus speed rise/fall
on a section in line with the general traffic speed?

2.6.3 ‘Different times, same place’: This approach yields more data, but can only consider whether a given
location which exhibits variation in bus speeds also exhibits variations in speeds of general traffic. This
would lead to conclusions about types of location. For this dataset, around 1,100 observations are avail-
able across 28 sites, with all but 4 sites having more than 10 observations.

2.6.4 ltis unlikely that either comparison would establish a causal link between bus journey times and general
traffic, however this information can give an idea of to what extent bus journey times and traffic speeds
are related.

Same Time, Same Place analysis

2.6.5 Figure 13 below shows the comparison of bus and traffic speed at the four locations with the highest
number of ‘same time, same place’ observations available. This shows very little direct correlation be-
tween bus speeds on a route section and the general traffic speed. There is a weak positive correlation
in two locations, but no correlation at all in the remaining two locations (which have slightly more data
points). This appears to suggest that for any given route section the lengthening of bus journey times is
not directly caused by slow traffic. However, this may relate to the times of day surveyed or types of lo-
cation. Further analysis with a greater number of data points could be expected to yield additional in-
sight.
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Figure 13 - Bus Speeds vs Trafficmaster speeds for 'same time, same place’,
locations with highest number of observations

Different Times, Same Place analysis

2.6.6 The charts in Figure 14 (below) compare characteristics of bus and general traffic journey time variation
for comparable route sections. In each case, all available data for the comparable route sections are in-
cluded, not just that collected simultaneously for both bus and general traffic. This leads to some con-
clusions which may provide greater insight.

2.6.7 The first chart (a) shows that the amount of variation in bus journey time observed for a route section is
related to the variation in journey time for general traffic, though not strongly (R-squared = 0.23). The
second (b) shows that the average speeds are more strongly related (0.56), though bus speeds as might
be expected are consistently lower than general traffic speeds. This appears counter to the conclusion
from the ‘same time, same place’ analysis above. However, it should be remembered that this infor-
mation relates to the average speed and variation in journey time. It is therefore suggesting that when
comparing locations, those where traffic speeds are low or variable, will also have lower/more variable
bus speeds (and vice versa).

2.6.8 The ‘same time, same place’ analysis may begin to show similar patterns with more data and careful
selection of route sections and survey periods. Alternatively, it may be that in the 15 minute time periods
used for Trafficmaster data there is not a strong link between traffic and bus speeds, but that characteris-
tics of a location lead to similar variations over a longer period.

2.6.9 Charts (c) and (d) show how the average speed of general traffic and buses respectively relate to varia-
bility in journey time. In both cases, it can be seen that speeds are generally lower where variation in
journey time is high. This is intuitively correct, as the data range for speed is likely to be ‘capped’: a road
with an average speed of 50km/hr would not be expected to exhibit cases of speeds significantly higher,
whereas a road section with an average speed of (say) 10km/hr could easily have instances of speeds
significantly above or below that figure. It also appears intuitively correct that general traffic speeds show
a stronger relationship than bus speeds.
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2.6.10

Charts (e) and (f) show that in each case the variation in journey time is not strongly related to the length
of the route section. This seems to add weight to the earlier observation that it is the number of stops
encountered by the bus which allows journey time recovery and thus smoothes out variation, not the dis-
tance driven. The fact that general traffic also does not show a relationship again suggests that the ear-
lier pattern is related specifically to buses, and not a feature of general traffic — however longer route sec-

tions for general traffic should be studied to support this conclusion.
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Figure 14 - Comparison of Coefficent of Variation of Journey Time, Average Speed and Distance
for comparable route sections (Bus Survey and Trafficmaster data)

Conclusion

2.6.11

In conclusion on TrafficMaster data, it appears there are some interesting correlations between bus
speeds and those of the general traffic. However, the relationships between CV of journey time for bus
and traffic are not particularly strong. Given more data, it is possible further relationships could be found
but at present this is not suitable for inclusion in a regression model.
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2.7

Influence of Total Number of Passengers Boarding and Alighting
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Figure 15: Average number of passengers (boarding and alighting) vs average journey time
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Figure 16: Average number of passengers (boarding and alighting) vs SD journey time
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Figure 17: Average number of passengers (boarding and alighting) vs CV of journey time

Average of Number of Passenger per Stop
VS Average journey time Per Stop
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Figure 18: Average number of passengers (boarding and alighting) per stop
Vs average journey time per stop

2.7.1 ltis of course the case that buses behave differently to general traffic in that they stop periodically to set
down and pick up passengers. While it is expected that the bus schedule will take account of this, the ef-
fect of passengers, who will not all board the same bus every day and/or at the same time, is one of the
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most variable bus-specific elements (as opposed to junctions and general traffic conditions which will af-
fect all vehicles). Figure 15, Figure 16 and Figure 17 consider the influence of the average number of
passengers on the journey time. The total number boarding and alighting for each route section has
been considered, averaged across the journeys®. This presents quite a similar pattern to the previous
two variables, i.e. that the variable itself is very strongly related to journey time, and that therefore it is dif-
ficult to conclude whether the fall in CV with increasing passengers is actually related to the passenger
numbers or the journey length. Logically, the latter sesems more likely. Also, as with previous variables,
there is some sign of heteroscedasticity in the CV chart.

2.7.2 Afurther plot has been made which shows the average number of passengers per stop against the aver-
age journey time per stop (see Figure 18). This chart suggests that when there are more passengers per
stop, the travel time per stop (from arrival at one stop to the next, hence including both dwell time and
time to pull away from a stop) becomes longer, though there is no strong linear trend. The section of
Bristol Bus Station to Temple Meads stands highest with both large values of passengers and travel
time, which is entirely logical for this service as Bristol is the principal departure point in the afternoon pe-
riod for the whole route.

2.7.3 In order to further investigate the influence of passenger numbers on each journey, Figure 19, Figure 20,
Figure 21, Figure 22 and Figure 23 examine how passenger numbers influence journey time for each
valid journey record on the 5 route sections (Bristol Bus Station to Temple Meads, Temple Meads to
Brislington Square, Brislington Square to Saltford Tyning Road, Saltford Tyning Road to Newton St Loe,
and Newton St Loe to Bath Bus Station). As mentioned previously, the number of valid records varies for
each section. The sections from Saltford Tyning Road to Newton St Loe and from Newton St Loe to
Bath Bus Station only have 35 and 42 valid records respectively.

2.7.4 It can be seen that generally, the number of passengers correlates to the travel time on each route sec-
tion: as more passengers are involved, the journey then takes more time. However, the relationship
again is not linear. In particular, the outliers with journey times of greater than 20 minutes for the Bris-
lingston Square to Saltford section have low passenger numbers. These observations may merit some
further investigation.

2.7.5 Ininterpreting the influence of passenger numbers, it may be worth considering whether this variable
operates in isolation. Higher passenger numbers are likely to correspond with peak periods where traffic
levels are also high, so that traffic congestion may also be contributing to delays. As shown in the previ-
ous section which considers the available Trafficmaster data, sub-divisions of such datasets inevitably
result in less reliable subsets and therefore no temporal sub-division has been made at this stage (how-
ever, see Section 3 for a comparison of peak and off-peak correlations).

8 Note: It was decided to sum the boards and alights for these purposes as this represents the total ‘churn’ of passengers at stops, and avoids a measure which
isolates only one element, or considers only the total number on the bus, which is unlikely to be relevant to journey time.
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Bristol Bus Station to Temple Meads Journey
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Figure 19: Journey time vs number of passengers (boarding and alighting)
from Bristol bus station to Temple Meads
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Figure 20: Journey time vs number of passengers (boarding and alighting) from
Temple Meads to Brislington Square
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Number of Passenger

Brislington Square to Saltford Tyning Road

Journey Time VS Number of Passengers
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Figure 21: Average journey time vs number of passengers (boarding and alighting)
from Brislington Square to Saltford Tyning Road
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Figure 22: Average journey time vs number of passengers
(boarding and alighting) from Saltford Tyning Road to Newton St Loe
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Newton St Leo to Bath Bus Station Journey
Time VS Number of Passengers
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Figure 23: Average journey time vs number of passengers (boarding and alighting)
from Newton St Loe to Bath Station

2.8 Influence of Cash or Non-Cash Payment

2.8.1 A further consideration in respect of passengers is the purchase/validation of tickets (including payment
of a fare). From the literature review it was identified that ticket type was an element with medium im-
portance to bus journey time variability, but one which the operator could control to a much greater de-
gree than some of the high importance elements. While recording the specific ticket type was not practi-
cal, whether customers pay by cash or use non-cash means (i.e. return ticket portions, season tickets
and other travelcards) was a recordable factor which could influence journey time. The variation in jour-
ney time has therefore been studied according to the total number of cash and non-cash payments made
by boarders. The results are presented below, though it should be noted that the proportion of cash
payments appears to be low on this route, making firm conclusions more difficult, although it indicates
that there is limited scope on this service to further reduce variability based on this factor. This low pro-
portion is however logical given that the survey focused on the afternoon and evening peak period, when
many passengers will be returning home and are thus likely to be using tickets purchased earlier in the
day (or be a regular commuter using a ticket or pass purchased previously). It should be noted that
whereas previously all boarding and alighting passengers were considered, this analysis necessarily fo-
cuses only on boarders.

2.8.2 Figure 24 shows the relationship between the number of cash fare passengers (who pay cash as they
board the bus) and the average journey time. The major feature to note is that the number of cash pay-
ments is typically very low: less than 1, and never more than 5. Furthermore, there is a jump in the jour-
ney time value between 1 and 2 passengers.

2.8.3 Manual investigations of the data were undertaken to better understand these patterns. It was concluded
that the route sections with fewer than 2 cash fare passengers were in very different areas to those with
2 or more cash fare passengers. Essentially, there are two different groupings of the route sections, with
the first group being in areas where few people boarded, and the latter in areas where more people
board (as illustrated by the Bristol Bus Station to Temple Meads route section).
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2.84

It appears that there is a difference in both absolute journey time and cash payment proportions for route
sections which include the busiest stops. This seems logical as route sections are shorter in busy areas,
and those areas are more likely to have ‘casual’ passengers who pay cash. However, importantly this
distinction disappears when the coefficient of variation is considered (Figure 26): the CV chart does not
show the same groupings, indicating that the cash paying passengers appear to have the same propor-
tional impact on journey time variability, regardless of whether the route section includes these busy are-
as.

Average of Number of Cash Fare Passenger
VS Ave Journey Time (Stop Departure to Stop
Departure)
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Figure 24: Chart of scatter points for number of cash fare passengers vs average journey time
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Figure 25: Chart of scatter points for number of cash fare passengers vs average journey time
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Figure 26: Chart of scatter points for number of cash fare passengers vs CV of JT

2.8.5 Figure 27 below shows the relationship between the number of non-cash fare passengers (who do not
pay cash on the bus) and the average journey time and presents quite a similar pattern to other varia-
bles.
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2.8.6

2.8.7

Generally, significantly more non-cash fare passengers were recorded in the survey than cash fare pas-
sengers. As with cash passengers, sudden falls in journey time are seen as non-cash passenger num-
bers increase. This can again be explained by considering the density of passenger boarding at certain
stops, and the grouping of route sections with and without stops with heavy boarding.

Once again, the consideration of CV helpfully eliminates this pattern. It can be seen in Figure 29 that the
non-cash passengers have a weaker correlation with CV of journey time than cash passengers (R-
squared <15%), and that the slope is considerably lower (at -0.0069). This suggests that cash passen-
gers do have a stronger influence on journey time variability than their non-cash counterparts, which ap-
pears intuitively correct.
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Figure 27: Chart of scatter points for number of non-cash fare passengers vs average journey time
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Figure 28: Chart of scatter points for number of non-cash fare passengers vs SD of JT
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Figure 29: Chart of scatter points for number of non-cash fare passengers vs CV of JT
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3 Correlation Coefficients and Regression Model

3.1 Analysis of Correlation Coefficients

3.1.1  One of the purposes of the study is to identify the factors having greatest influence on the variability of
journey time. The linear correlation coefficient values are statistical measures of the strength and
direction of the linear relationship between two variables. The value of the correlation coefficient is
between -1 and 1, with higher absolute coefficient values indicating stronger linear dependency between
two variables.

3.1.2 The following tables summarise the linear correlation coefficient values of all the potential variables
against the CV of journey time values. This analysis has been carried out first for ALL journeys (‘Overall’
figure), then separately for peak and off-peak journeys. This provides a useful indication of how the na-
ture and strength of the relationship varies by period.

3.1.3 It should be noted that for comparability, these analyses have all been conducted with a minimum num-
ber of observations per route section of 107.

Independent . Scenarios
) Explanatory Variables
Variable AlPP Peak Off Peak
Number ofJunctlons.traversed -0.30 023 -0.43
on route section
Number of stops passed (the
numbe.r of stop§ on the line of 041 -0.30 -0.59
route, irrespective of whether
the bus stops or not)
v of.Journey Number of stops called (the
time number of stops on the line of
P -0.40 -0.31 -0.53
routes where bus has stopped
to drop off/pick up passengers)
Ratio of number of stops called 0.28 018 056
to number of stops passed
Distance between stops -0.38 -0.24 -0.61

Table 2: Summary of correlation coefficient values of all number of stop related variables
against CV of journey time

Independent Explanatory Variables Scenarios
ELEL][S All? Peak Off Peak

Average number of passengers 0.23 019 033

per stop passed
Average number of passengers 013 014 011

CV of Journey per stop called
time Average number of passengers -0.36 -0.29 -0.49

CV of number of passengers

(total boarding and alighting on 0.51 0.38 0.52

route section)

Table 3: Summary of correlation coefficient values of Passenger related variables
against CV of journey time

7 see section 1.4 for a further discussion on sample sizes
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Independent Scenarios

Explanatory Variables

Variable Peak Off Peak

Average number of cash fare -0.38 0.28 0.47
passengers
Average number of cash fare 0.00 0.02 0.05
passengers per stop passed
Average number of cash fare
-0.06 -0.01 -0.06
CV of Journey passengers per stop called
time Average number of non-cash fare -0.39 0.23 -0.52
passengers
Average number of non-cash fare 0.03 0.08 0.02
passengers per stop passed
Average number of non-cash fare -0.06 0.07 -0.20
passengers per stop called

Table 4: Summary of correlation coefficient values of payment related variables
against CV of journey time

3.1.4 The values referred to in the following text are relevant to the total survey period unless otherwise speci-
fied.

3.1.5 The results show that the CV of the number of passengers has the strongest positive influence on the CV
of bus journey time with a correlation coefficient value of 0.51, which indicates that with the increase of
CV of the number of passengers, the CV of journey time increases.

3.1.6  The number of stops has the strongest negative influence on the CV of bus journey time with a correla-
tion coefficient value -0.41, which indicates that the more bus stops the bus passes, the smaller the CV
of journey time tends to be, as already noted in paragraph 2.3.2.

3.1.7 This relationship probably explains some of the other high negative correlations with CV of Journey
Time: all of the factors related to number of passengers, number of junctions etc. show this pattern. This
is unlikely to be for any reason which is helpful for this analysis; it is simply the case that these represent
longer route sections where ‘catch-up time’ diminishes the CV of journey time?8. It is suggested that time-
table structure may play a role here, as either the scheduled dwell time or other ‘catch-up’ time in the
timetable at stops will allow variations in journey time to be smoothed out during each journey.

3.1.8 Due to this strong negative relationship of distance—related factors and CV of journey time, a further
factor ‘passengers per stop’ was created, designed to test the correlation of the number of passengers,
without the influence of distance. It was found that this has a lower correlation to CV of journey time
(0.23). However, a similar relationship was not seen when testing cash/non-cash passengers per stop in
Table 4.

3.1.9 Table 3 also differentiates between the total stops passed by each bus and those at which the bus
called. It was felt that this might demonstrate that ‘skipping’ stops provides some additional benefit in
terms of reducing the variation in journey time. However, there is comparatively little difference in the cor-
relations when comparing the measures directly. The ratio of stops called to total stops was also tested,
and found overall to have a weak positive correlation with CV (0.28), i.e. variability increases if the bus
calls at a greater proportion of the stops passed.

8 As we have seen in the previous section, the standard deviation (being an absolute measure of variation) still rises as these figures increase. The coefficient
of variation follows a counter-pattern because it is a proportional measure.
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3.1.10 When looking at the values in terms of peak period and off peak period, it can be seen that the correla-
tion is usually much stronger in the off-peak than peak period, with the relationship often breaking down
in the peak period. The ‘overall’ correlations are typically less strong than the off-peak correlations, indi-
cating that the lack of a strong relationship in the peak is decreasing those figures. The correlation with
stops called/stops passed is particularly high in the off peak, at 0.56.

3.1.11 The reason for this weaker peak correlation is thought to relate to the higher road traffic levels and in-
creased congestion in the peak: we know that it cannot be caused by increased passenger numbers, as
our passenger measures also show a weaker peak correlation.

3.2 Multi-regression for all time periods

3.2.1  Another purpose of the bus journey time variability study is to consider the elements required to build a
model that shows the relationship between the factors having strong influence on bus journey time and
the CV of bus journey time. Hence multiple-regression models have been tested. Models have been built
based both on the whole period and separately for the off-peak, as this had significantly stronger correla-
tions.

3.2.2 The factors for inclusion in the multi regression model have been selected based on:
m Strength of the correlation coefficient values, as shown in the tables above;

m  Some judgement is used to select a package of factors which appear to have the most logical link to
journey time variation for buses.

3.2.3 On this basis, the following factors were selected for the first model:

m Total number of stops passed: This is the ‘journey length’ factor with the strongest correlation to CV
of Journey Time, with a stronger negative correlation than simply average journey time, distance or
number of passengers, possibly due to timetable structure factors (e.g. catch-up time);

m  CV of number of passengers: This has the strongest relationship to CV of journey time overall, with
the logical implication that for the same journey, the trips with higher numbers of passengers will fre-
quently take longer, and vice versa;

m Average passengers (boarding and alighting) per stop: Although this does not show as strong corre-
lation as the other two factors, it is used in the model as it is a key factor of concern in our study.

3.2.4 ltis generally good practice in regression model to minimise the number of variables added, as mis-
leading results can be produced by adding poorly correlated factors. Models with large numbers of varia-
bles can easily achieve a high level of fit against the observed data, whilst being extremely poor at pre-
dicting outcomes, and hence not giving any useful information about the overall mechanisms involved.

3.2.5 The regression model produces the following equation to numerically describe the relationship between
the CV of journey time and other factors. The model also tries to forecast the CV of journey time.

Y=0+B1*X1+B2*X2+p3*X3
Where:
X1: The number of stops,
X2: CV of the number of passenger,
X3: the average number of passengers per stop
Y: dependent variable, CV of journey time

U (intercept), 81, 82, 83 (slope parameters) are the values to be determined by the multiple-
regression model.
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The regression output is listed as below:
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.599583288

R Square 0.359500119

Adjusted R Square 0.349746314

Standard Error 0.068891675
Observations 201

Coefficients Standard Error t Stat P-value  Lower 95%  Upper 95%

Intercept 0.13486 0.035093012 3.8429007 0.00016 0.065652768 0.204065
X1 (Number of Stops) -0.00201 0.000736056  -2.724191 0.00703 -0.00345672  -0.00055
X2 (CV of number of passengers) 0.14014 0.033740564 4.1533883 0.00005 0.073598605 0.206677
X3 (Average Passengers per stop) 0.01932 0.005904517 3.2718519 0.00126 0.007674531 0.030963

3.2.6

3.2.7

3.2.8

3.29

3.2.10

3.2.11

3.3
3.3.1

With the above regression values, a regression model to forecast the CV of bus journey time values has
been developed. The equation of the model is:

Y=0.13486-0.00201*X1+0.14014*X2+0.01932*X3

In the summary output, R Square indicates the goodness of fit, higher value of R Square indicates the
model fits the data better. P-value indicates the probability of rejecting the null hypothesis. A low p value
(<0.05) indicates that the factor is meaningful in the model and that changes in the dependent variable
(Y) are related to changes in this factor.

The variables of X1, X2 and X3 all have estimated p-values smaller than 0.05. Therefore, they have
significant correlation with the CV of bus journey time.

The overall R-Squared value of 0.36 indicates that the model fits the data to some extent (the inclusion of
the number of stops, CV of the number of passengers and the average number of passengers per stop
explain 36% of the variety of bus journey time), but there remains a large amount of variation not ex-
plained. This is not unusual for this type of model, and indicates that much variation is caused by factors
we cannot capture within the datasets tested for this study.

The coefficients are intuitively correct, in that the variation in journey time will fall as the number of stops
rises and rise if either the number of passengers becomes more variable or the number of passengers
per stop rises. It should be noted that the regression model can say nothing at this stage about the phys-
ical conditions of the route section.

In conclusion, the regression model shows that the number of stops, CV of number of passenger, and
average number of passenger per stop have reasonable correlations with CV of bus journey time. The
multi regression model can to some extent predict the CV of bus journey time by using these variables.
An increased dataset is likely to allow more robust estimates of such a model, allowing more factors to
be taken into account.

Multi Regression Model for off peak period

As seen from the tables in Section 3.1, after introducing the extra dimension of peak and off peak peri-
ods, off peak is better explained by explanatory variables, having higher correlation values than both the
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peak period and the peak and off-peak periods combined. Therefore we have also constructed a model
just for those journeys taking place in the off peak period.

3.3.2 Al of the existing explanatory variables in the model for overall records have been kept in this model. In
addition, an extra factor of “ratio of number of stops called to number of stops passes” has been selected
due to its reasonably high correlation value 0.56 (see Table 2). This factor reflects how frequently the bus
stops on each route section: a value of 1 suggests that the bus has called at all stops along the target
section; a value of 0 suggests that the bus did not stop at all along the target section. The form of the re-
gression model to off peak scenario is presented as follows:

Y=0+B1*X1+B2*X2+B3*X3+ B4*X4
Where
X1: The number of stops;
X2: Ratio of number of stops called to number of stop;
X3: CV of the number of passenger;
X4: the average number of passengers per stop
Y: CV of journey time
¢ (intercept), 81, 82, 63, 64 (slope parameters) are the values to be determined by the multiple-
regression model.

The regression output is listed as below:
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.773
R Square 0.598
Adjusted R Square 0.594
Standard Error 0.060
Observations 371
Coeffi- Standard p- Upper
cients Error tStat  value Lower 95% 95%
Intercept 0.134 0.027 4.927 0.000 0.187 0.080
X1 (Number of Stops) 0.001 0.001 2.693 0.007 0.002 0.000
X2 (Ratio of number of stops called to
number of stop) 0.469 0.039 11.885 0.000 0.392 0.547
X3 (CV of number of passengers) 0.174 0.020 8.722 0.000 0.135 0.213
X4 (Average Passengers per stop) 0.013 0.005 2.508 0.013 0.023 0.003

3.3.3 With the above regression values, a regression model to forecast the CV of bus journey time values has
been developed. The equation of the model is:

Y=-0.1365-0.0014*X1+0.4733*X2+0.176*X3-0.0125*X4
3.3.4 All the P-values are below the threshold value 0.05 which indicates that all the selected factors in this

model are playing important roles to explain the response of the independent variable (CV). This model
also achieves a higher value of R square than the previous model (0.59 vs. 0.36).
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3.3.5 The improvement is likely to be due for the most part to the restriction of the model to the off-peak period.
As noted above, it appears that in the off-peak the variation in journey time is more easily related to
known factors. In the peak the variation is less correlated against the factors observed.
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4 Conclusions and suggestions

4.1 Data Analysis and Regression

4.1.1 The work above has looked at how the variation in journey time shown in the survey is related to a num-
ber of factors collected during the survey. The major conclusions which can be drawn are as follows:

Analysis of Variation

4.1.2 As had been anticipated, the simple Standard Deviation (SD) of journey time behaves very differently
from the Coefficient of Variation (CV). SD grows larger as most measures of journey length increase
(time, number of stops, total passengers). The relationships for SD are also very strong, with R-squared
values for regression usually in excess of 80%. In contrast, the CV always falls when considering statis-
tics related to journey length. However, the relationship is much less strong and perhaps exponential ra-
ther than linear in nature.

4.1.3 Multiple regression techniques do improve the ability to predict CV for bus services. However, at best we
are able to explain only 36% (or 59% in the off-peak) of variation using this approach.

4.1.4 One area of caution is that the coefficient of variation shows strong signs of heteroscedasticity (i.e. non-
constant variation). Typically, for lower values of journey time, number of stops etc., there is considerably
more variation in the value of CV, whereas the value is in a narrower band for larger values. If proceed-
ing to formally estimate an econometric model to explain journey time variability, it may be necessary to
compensate formally for the non-constant variance. However, it is unlikely that this process would fun-
damentally alter the relationships shown in the work, or their relative strengths. Therefore a separate
treatment of heteroscedasticity would be unlikely to alter the overall conclusions of the current work.

4.1.5 ltis also important to note that the current approach is based on pairwise stop comparisons, and many of
the combinations are overlapping: for example the route section from stop 201 to 202 is included in that
from 200 to 202, 200 to 203, 201 to 203 etc. This may lead to correlation between observations: if stop
201 to stop 202 has a more variable journey time, then the other route sections will be affected, though
proportionally to a lesser extent. To a large extent this is an inherent and deliberate part of the methodol-
ogy agreed for this study. We have attempted to account for the impact by explicitly highlighting the non-
overlapping route sections (see Figures 2-9, 15-18 and 25-29), and also by studying adjacent route sec-
tions when considering the impact of junction types.

4.1.6 One alternative to using the overlapping route sections would be to increase the sample size (across a
longer time period or more routes) to allow the selection of a set of non-overlapping route sections whilst
maintaining a reasonable sample. Alternatively, with the current dataset sub-populations of non-
overlapping route sections could be constructed and analysed to investigate whether the overlap is bias-
ing results unduly.

Link between Variability and Journey Length

4.1.7 The higher correlations shown do not necessarily imply a direct causation between journey time variabil-
ity and journey length. However, one possible hypothesis for such causation is that services are able to
‘catch-up’ delay experienced over longer journeys. Services may be proportionally less likely to be var-
iable when measured over a longer route section, because delays experienced earlier on in the journey
are regained. This explanation is based on the fact that the operational instructions given to drivers
mean that they are required to maintain scheduled times (as much as possible) at timing points, and
when ahead of time will wait or extend dwell times, or conversely that they have some flexibility to ‘speed
up’, rather than simply maintaining lateness, by shortening dwell times when late, or driving faster than
the scheduled speed where road conditions permit.
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4.1.8 ltis also very likely that timetable design plays a major factor in this ‘catch-up’ effect, with timings adjust-
ed to account for areas where delays often occur, and allow some catch-up. The extent of variation in the
timetable was one of the key reasons for the selection of the route and operator, as it was evident that
variation in journey times is currently experienced and it was known that the operator has a review pro-
cess to adjust schedules accordingly. However, the brief for this work is to examine variability (i.e. the
distribution of actual times), and not to consider schedule adherence (i.e. how late or early any individual
bus is operating); therefore this hypothesis has not been explored against the data gathered.

4.1.9 A further potential factor is that buses which are full may not observe all scheduled stops: buses full to
capacity with no passengers wishing to alight will not be able to stop and pick up further passengers,
leaving the intending passengers for a following bus. As a side effect, this would allow the loaded bus to
catch-up time. Obviously the cause and effect becomes complex, as it not known whether a full bus is
more likely to have been delayed earlier in its trip (either from an unexpectedly large load of passengers
or from a disruption to service) and whether a late-running bus is more likely to ‘skip’ stops.

Transferability of Results

4.1.10 Though it seems intuitively likely that similar relationships would exist in other areas, the current multi-
regression model cannot be assumed to be immediately transferable. Further work would first be re-
quired to ensure that the relationships revealed would have similar values elsewhere. The inter-urban
service X39 is probably not the most common type of bus route, as it serves two cities, rather than a city
and a more rural hinterland, and is more frequent than most inter-urban services. Some of the relation-
ships found here (e.g. the ‘catching up’ along a route) may also not hold for a shorter, more urban route
(e.g. suburbs to town centre).

4.1.11 The finding for this dataset, that as average journey time becomes longer, the CV values tend to reduce
is contrary to the anticipated outcome and can only be stated at this stage to be true for the journeys
covered by this data collection exercise. It does however indicate that bus journey time variability in ur-
ban areas is inherently complex and therefore supporting data for investment proposals by local authori-
ties needs to be based on the specific operating characteristics of the bus route and location(s) in ques-
tion.

4.1.12 Regarding the impact of junctions, it does seem apparent that route sections with a small number of
junctions achieve higher average speeds and lower variation in journey time, but the number of junctions
is not a sufficient condition in itself. On the evidence provided thus far, there appears to be no difference
in impact according to whether there is bus priority at junctions. However, with such a small sample it is
likely that other factors are involved which may explain this, including the intended consequence that the
bus priority measure has rendered the junction similarly variable to other junctions and without it, the var-
iability would be worse.

4.1.13 From the data available for this study, no significant conclusions can be drawn about the relationship
between journey time variability of general traffic and that of buses. Some of the data does however
confirm intuitive and conventional logic about vehicle speeds and points to ways in which bus journey
times are inherently different to those of general traffic.

4.1.14 There is some indication of a weak correlation between variation in bus journey time and general traffic,
which may merit further investigation. However, there was not sufficient information or a strong enough
relationship to justify an attempt at inclusion in the regression model at this point.

Further Analysis Work

4.1.15 From our review of the dataset, it appears possible that more insights and improved relationships could
be achieved by continuing analysis. Such analysis of the existing data could include, amongst other op-
tions:
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m examination of the opposite direction of travel (Bath to Bristol);

m consideration of whether any of the principal variables are affected by whether the bus began its
journey on time or not, or is operating within a small window to another vehicle on the same route;

m  more detailed consideration of the nature of the route sections and design of the timetable (e.g time-
table journeys times vs distance and stops covered).

4.2 Suggestions for Data Gathering

4.2.1 Existing automated data collection systems (e.g. Automatic Vehicle Location and Electronic Ticket Ma-
chines) do not provide details of the causes of bus journey time variability, far less identify and quantify
the benefit of solutions, and therefore it would be necessary to carry out a large amount of manual data
collection in order to investigate the subject. Indeed, because of the multiple factors and the level and
consistency of data collection required to carry out appropriate levels of modelling, it is apparent that try-
ing to gather all data simultaneously can to some extent erode the quantum and quality of the data.
Therefore in order for DfT to understand more about bus service journey time variability, it is suggested
that future data collection exercises concentrate on discreet factors of bus journey time variability. While
it would be important to have a consistent time series for the different factors, this would almost certainly
require the allocation of multiple enumerators in order to gather the data which would be inherently im-
practical on buses, particularly at peak times. This may explain to some extent why existing literature on
the topic can be considered to be incomplete.

4.2.2 The pilot study has however confirmed that it is possible in principle to gather relevant data (subject to
real-life disruptions of bus operations) and to use that in a simple model. In order to increase further un-
derstanding of bus journey time variability, the same data collection exercise, using the learning points
from the Pilot Study, could be conducted for the morning peak period, or for the afternoon peak period
during school holidays, as these were both identified by the operator and the local authorities as having
substantially different patterns of general traffic (and bus patronage). The results of this pilot study also
identify the challenges faced by the bus operator and the local authorities in fairly typical urban areas and
further work could usefully be done in considering the practicality of punctuality standards set by the Sen-
ior Traffic Commissioner.

4.2.3 The transcribed enumerator data and a presentation showing the summary headlines of variability have
been provided to both the operator and the local authorities for their own reference and analysis. From
these files, it will be possible for the local stakeholders to gain an understanding of the locations and ex-
tent of delays encountered during the 3 week data collection period. However, the data will not of itself
be sufficient for the complete evaluation or design of any physical highway interventions and therefore
such data gathering is not a substitution for a local authority’s own monitoring or data collection to sup-
port their investment plans.

4.2.4 While capital investment in bus infrastructure may reduce the variability of bus journey time, it is not
proposed that local authorities (and/or bus operators where the bid is in partnership) are required to
gather bus journey time variability data in the way conducted for this study. The reason for this is that
the identification of a principal root cause has been demonstrated to be difficult due to the combination of
factors affecting bus journey times. Furthermore, the practicalities of gathering data in the on-bus envi-
ronment mean that the data collection is itself inexact, with a reasonable amount of data requiring rela-
tively significant staff resources.

4.2.5 Inthe event that journey distance and number of passengers are two of the primary universal causes of
bus journey time variability, it is unlikely that local authorities will be in a position to be able to influence
these in a positive manner in respect of variability. For example, it would not typically be in the wider in-
terests of public transport to inconvenience passengers by breaking routes between key conurbations in-
to two services or taking steps deliberately to reduce the number of passengers. Bus operators could
theoretically improve boarding times of passengers in the longer term by revising the design of vehicles
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and/or altering their ticketing policies but, in a de-regulated bus industry environment, local authorities
would only be likely to implement advanced payment schemes with the support of an operator.

4.3 Suggestions for appraisal tools/guidance

4.3.1  Prior to commencing this study, it was understood that the Department’s intention was to consider
whether the study outputs could be used as the basis for improving the Department’s transport appraisal
guidance and toolkit (WebTAG).

4.3.2 The actual development of the project and the scope of the Pilot Study in particular limits the scope for
definitive proposals for the updating of WebTAG (and/or the development of other tools) as the guidance
has to be transferable to a wide range of different locations and applicable to numerous applications. It
is clear from this project that the issues and factors affecting bus journey time variability are not just
complex in themselves; obtaining usable data is also inherently complex (which may explain the current
limited body of evidence on the subject). This latter point therefore raises the issue of whether the cost
of bus journey time data collection and analysis would be proportionate to the costs associated with any
proposed interventions.

4.3.3 This study’s assessment indicates that only 36% of the peak variation in bus-time, and 59% of the off-
peak variation, can be explained by direct measurement. Although this might be improved upon through
use of additional data gathering techniques and/or remote sources, it is not possible to comment on just
how much variation might then be explained. Furthermore, as route length appears to be a major deter-
minant, the actual benefit of other measures may remain hidden within these statistics. It would there-
fore be impractical and unhelpful to produce guidance based on this estimation method at this stage.

4.3.4 Nevertheless, in terms of the elements identified in Table 1 as having high importance on bus journey
time variability, the following points are noted:

m  General traffic — these impacts could be reviewed in light of speed data available from sources such
as Trafficmaster or standard automatic traffic data collection methods (see ‘Further Work’ below);

= Junctions (including any bus priority) — the deployment of bus priority measures which vary according
to the very local considerations and constraints of each individual junction (and the permutations
which this gives rise to in terms of bus priority and pedestrian crossings in particular) is likely to re-
quire visual inspection of the route under consideration. In order to assess fully the impact which
previously-installed bus priority measures have had, there would ideally be some ‘before and after’
data but, depending upon the date of implementation, such data may no longer relevant;

= Route length/number of bus stops — as noted above, the length of the bus route and the number of
scheduled bus stops do not vary dynamically in the same way as the performance of general traffic
and junctions and therefore these factual inputs would be ‘fixed’ elements of any appraisal as there
are likely to be considerable negative passenger impacts of reducing route lengths or the number of
bus stops.

4.3.5 Appraising the impact of elements assessed to have medium or low impact on bus journey time variabil-
ity will be likely to depend on subjective, anecdotal or limited data (either from the bus operator(s) or local
authority), as elements such as the ticket type (and thus the payment of cash fares) will be dependent
upon operator-specific factors. As such, any available evidence of this type would be unlikely to be suffi-
ciently reliable for an appraisal tool, although it may help to guide the development of interventions e.g.
by identifying the location of sections of route between junctions which suffer from operational disruption.

4.3.6 Incidentally, in respect of the documents which comprise WebTAG, current TAG unit M1.2 (Data Sources
and Surveys) already advises, in respect of establishing passenger demand for (bus-based) public
transport that “Practitioners should contact bus operators in their area of interest to enquire about the
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availability of ETM data”®. While ETM (Electronic Ticket Machine) data is likely to remain the most com-
prehensive source, it should also be noted that the emergence of Smartcard ticket schemes typically of-
fers much more detailed datasets, although these are not always as readily interrogable as ETM data.

4.3.7 Scheduled data relating to journey length (either by time or by distance) and the number of bus stops can
be obtained fairly readily from either the operator and/or from the National Public Transport Access Node
(NaPTAN) database. Timetable and route details are also available at the national level, although the
January 2014 version of TAG unit M1.2 could be updated to reflect the development of the Traveline Na-
tional Data Set (http://84.45.123.82/tnds-login-or-register.html) which has now superseded the National
Public Transport Data Repository (NPTDR) database.

Further Work

4.3.8 Recognising that the current evidence base is insufficient to provide detailed guidance, but that some
elements may be of interest to the DfT in progressing an appraisal tool and/or guidance, we feel that the
most immediate area of investigation is that of identifying locations where high bus journey time CV val-
ues are likely to occur. Our analysis demonstrated there may be a role for TrafficMaster data as the pri-
mary source of evidence. We have demonstrated that there was a reasonable correlation between the
CV of general traffic as estimated from TrafficMaster and the CV of bus journey times as observed in the
surveys. Our analysis was limited to a small sample of the TrafficMaster data, we suggest that further
analysis is undertaken to develop a tool that would enable routes to be isolated and CV values reliably
calculated. This tool would provide insights into the locations where journey times are observed to be
most variable, which would enable focussed examination of the route characteristics, such as junctions
and layout.

4.3.9 This analysis tool would have to be complemented with bus journey time data. Our approach to collect-
ing this data for the pilot study involved timing journeys by direct observation such that enumerators
could simultaneously record other factors. Remote observation, such as from Real Time Information
(RTI) systems, would be sufficient as a means to verify that a specific route or route section could be
classified as more variable than normal.

4.3.10 Itis accepted that the above commentary simply improves the method with which candidate routes and
locations are identified, as opposed to providing a mechanism to demonstrate how a scheme would con-
tribute to reducing variability. However, with the advantage of a more systematic approach to identifying
locations, this improves the sample set and improves the ability to explore potential causes. This in ef-
fect is the approach adopted for accident remedial analysis whereby the first step is to identify a cluster
of incidents and then classify the causes.

44 Summary

441 The project proposal identified that “in contrast to highway schemes, public transport modes are based
around the existence of a timetable, with only discrete possibilities for departure. Due to this, the con-
vention is for the focus to be on delay, rather than journey time variations in appraising reliability benefit”.
Reflecting the need for further study of bus journey time variability, current WebTAG guidance on User
and Provider Impacts'® deals solely with rail, where the industry performance management regime is
constructed to measure, and attribute responsibility for, delays in an entirely different, and more compre-
hensive, manner than that which applies to deregulated bus services (outside London).

4.4.2 The methodologies for the Technical Report and the Pilot Study have proven to be sufficiently robust to
achieve the requirements of the “proof of concept” — namely that data which indicates causes of bus

9 https://www.gov.uk/government/uploads/system/uploads/attachment data/file/370617/webtag-tag-unit-m1-2-data-sources-and-surveys.pdf , section 2.4.6
10 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/313801/webtag-a13-user-provider-impacts-may2014.pdf, section 6.5
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journey time variability can be gathered - but that the factors affecting overall variability are too numerous
and/or complex such that it is impractical at best, and impossible at worst, to gather all such data in one
data collection exercise. As identified in paragraph 3.2.9, “The overall R-Squared value of 0.36 indi-
cates that the model fits the data to some extent (the inclusion of the number of stops, CV of the number
of passengers and the average number of passengers per stop explain 36% of the variety of bus journey
time).”

4.4.3 This outcome therefore endorses the finding of the Technical Report that “the body of literature we have
reviewed addresses a number of issues that contribute to bus journey time variability but none of the pa-
pers present a systematic approach to isolating all of the contributory factors which have been identified.
Most of the papers focus on particular issues and generalise other variables, such as the volume of traf-
fic for example, which is generalised to “peak” or “off peak.”

4.4.4 While further understanding of the individual factors affecting bus journey time variability can help to
develop guidance to scheme promoters, it is not proposed that DfT try to estimate the impact on reliabil-
ity that making physical changes to the highway network may have. Collecting the data is relatively diffi-
cult and expensive — and most of the factors influencing reliability are outside the realms of physical in-
frastructure (e.g. passenger numbers and journey length). Furthermore, the cost of implementing any
individual physical measure on the network is generally relatively small and so the return on that invest-
ment is not justified when set against the cost of even a modest manual data collection exercise.
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Appendix A Pilot Study Data Collection

A1, The project team evaluated potential locations and bus services for the pilot study by analysing Lo-
cal Sustainable Transport Fund projects, supplemented by their existing knowledge of the UK bus
market. After the preferred location was identified by the project team and endorsed by the DfT, a
stakeholder meeting was convened to introduce the project to the bus operator (First), the local au-
thorities (Bath & North East Somerset Council and Bristol City Council) and the sub-regional Local
Sustainable Transport Fund project office (based in Bristol City Council).

A.2. This meeting helped to define the parameters for the pilot study by updating existing local
knowledge and informed the project team of factors which could affect the results of the study, such
as ongoing work to refine the phasing and timing of traffic lights on the corridor in order to enhance
existing bus priority.

A.3. While it was the ambition of the project team and all stakeholders to conduct the pilot study during a
period of ‘normal’ road conditions, the practicalities of conducting research on the corridor between
Bristol and Bath meant that major road works in one road on the line of route in central Bristol,
which were scheduled to be complete, but had overrun, could not be avoided during the project pe-
riod. While these roadworks did not result in the bus service deviating from its usual route, it did re-
duce the available carriageway from two lanes to one lane in both directions. General traffic was
not diverted during this period and therefore the actual bus journey time along Victoria Street (be-
tween Temple Meads railway station and the Centre) may be longer and more variable than would
normally be the case, however this situation prevailed throughout the pilot study period and is there-
fore considered to be ‘constant’ for the purposes of this study. Such disruption was however antici-
pated to provide valuable insight to the degree of variability that can be experienced from such
roadworks.

A4 In order to start as soon as possible, consideration was given to splitting the data collection either
side of school half-term, but for practical considerations such as avoiding straddling the end of Brit-
ish Summer Time (on October 27t") and arranging the availability of enumerators, the 3 week data
collection period was commenced after half-term, in the first full week of November 2013.

Preparations for the pilot study

A5. The enumerators were drawn from existing PB staff, which provided flexibility in terms of planning
and availability, and more importantly, engagement and experience in conducting data collection for
transport projects. While it was originally anticipated that the staff would be the same 5 individuals
throughout the 3 week data collection period, to maximise consistency of data collection and take
advantage of experience gained during the first week of the task, 8 enumerators were actually used,
with all of them attending the training session which was arranged and conducted by PB/WSP for
the enumerators and their supervisor.

A.6. The purpose of the training session was to introduce the rationale and remit of the project overall,
explain the pilot study concept, define the data collection requirements, conduct some test (on-
street) observations and communicate the practical arrangements to apply during the data collec-
tion period. The training session was designed to be engaging with the enumerators as the practice
of gathering data on-bus, while a journey takes place as ‘normal’, requires slightly different skills
than roadside observations for traffic counts. This training was supplemented with a single page of
guidance notes for the enumerator’s reference while travelling on buses.
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AT.

AB8.

A9.

A.10.

The enumerators were supported by their supervisor and by the PB/WSP project managers during
the data collection, although this level of support is acknowledged to be greater than would be re-
quired if an operator and/or local authority were to conduct a similar exercise.

The period of journey monitoring spanned departures from Bath between 13:24 and 17:00 and, as a
result, return departures from Bristol between 14:26 and 18:15. There is therefore not absolute
consistency in the coverage of peak and off-peak journeys from each terminus, however the over-
riding purpose of the pilot study was to demonstrate the concept of data collection, rather than to
draw absolute conclusions about how buses operating on the route at different locations at the
same time may exhibit either similar or different traits.

As anticipated by the project team, the following data collection issues arose during the data collec-
tion period:

m Periodic gaps in the recording of data by the GPS devices — while the devices were all checked
for functionality and accuracy prior to the data collection period, a few occasions arose of de-
vices not recording and these were dealt with promptly by the supervisor as he was provided
with a number of spare devices. These incidents were a combination of equipment failure (ei-
ther total or partial) or unintentional changes in equipment function (e.g. buttons being caught).

m  GPS device recording during times other than bus journeys — enumerators were instructed to
turn the device on in order to be ready to record data from the start of each bus journey. In re-
ality, this involved small periods of the devices recording the movement of the enumerator in
Bristol and Bath (either before starting work, during a break between journeys or after finishing
their shift) and the data cleansing process required these records to be disregarded by manual
intervention, with a degree of subjective judgement.

m Difficulties in maintaining clear sight of passengers boarding and alighting — the main require-
ment for clear sight of the area around the driver’s cab was to observe the ticket machine (to
determine cash and non-cash fares). In reality, travelling on buses at peak times, or where
there are pushchairs/wheelchairs gathered at the front of the bus, causes enumerators to take a
less favourable position on the bus, in order that they themselves do not then become a cause
of extended journey times by blocking the aisle or infringing passenger conduct regulations.

m Difficulties seeing the road outside the bus — as the data collection period fell during late au-
tumn after British Summer Time had ended, and was conducted during the afternoon, it was not
always possible for enumerators to be clear about the causes of delays, particularly if it was al-
so raining, on unlit sections of road, or with misted-up windows on the bus. This also made it
harder for some enumerators to track the sequence of stops (amplified further below). In the
event that the enumerator was unable to keep track of the sequence of stops, they were in-
structed to pick-up recording again at the next definite bus stop which could be identified.

Disruption to planned bus journeys was also experienced by exceptional traffic conditions and dur-
ing the data collection period, the following events occurred:

m a major fireworks display took place at the rugby ground in Keynsham (Tuesday 5th Novem-
ber). While this was not on the line of route, the volume of traffic heading for the display, which
started at 6pm, and parking on surrounding streets was sufficient to cause tailbacks on the
Keynsham bypass;

m aroad traffic accident (at Newton St Loe) and a broken down car on a single carriageway sec-
tion of route (Saltford) caused extensive delays on the same afternoon (Monday 11th Novem-
ber) of a combined total of nearly one hour; and

m temporary water main replacement works in Saltford (Thursday 21st and Friday 22nd Novem-
ber) caused service delays of 30-45 minutes and the resultant cancellation of some journeys
during and after the evening peak as drivers reached the end of their available driving hours.
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A1, The analysis has included the data from the bus journeys affected by these events in order to reflect
the impacts on bus journey times which, while sometime unpredictable, are part and parcel of the
challenges of operating buses in urban areas.

A2 Disruption to enumerator shifts was a consequential impact of journey time variability — while the
enumerator shifts were planned according to broadly the same duty schedule as the buses and
drivers, it quickly became apparent that the last of the enumerator shifts would routinely exceed the
scheduled time (because of the issues highlighted in the bullet points above) and the shift was
therefore changed after the first week of the period. This change resulted in 2 journeys in each di-
rection being replaced by earlier journeys for the last 2 weeks of the monitoring period. Flexibility of
shift finishing times was nevertheless required throughout and was successfully managed by the
supervisor.

A.13. Aspects which future data collection training sessions could provide more of a focus on include:

m  On-board practice with the GPS recording equipment and the recording forms and an explana-
tion of the data to be collected and how this was relevant to the study.

m Improved understanding of the line of route and sequence of stops — this was addressed during
the early days of the pilot study by the supervisor providing printouts of maps and additional
identification of landmarks and side road names, rather than bus stop names, on the line of
route.

m The greater need to record passenger numbers and transactions than the times of buses — the
GPS device automatically recorded the time, although enumerators were also provided with the
space to record arrival and departure times at bus stops on the data collection sheet, in order to
focus their attention on the matter of the time spent at bus stops, and the reasons for this. As a
result, recording of times was much more complete than recording of passenger numbers, and
cash/non-cash fares.

A.14. Enumerators were provided with a GPS device and a clipboard with data collection sheets which
listed all of the bus stops on the line of route, with the bus operator-specified registered timing
points identified separately'’. The data collection form template was revised at the end of the first
week as a result of feedback from the enumerators and concerned the spacing and marking of key
data entry boxes and minor simplification of data entry requirements, without altering the primary
form and function of the form.

A.15. The stakeholder meeting had requested that 14 particular traffic management features (certain traf-
fic light controlled junctions and pedestrian crossings), which were anecdotally considered to con-
tribute to bus journey time variability, should also be documented and these were also highlighted
on the data collection sheets.

A.16. These arrangements made the data collection a largely manual process, and required the complet-
ed sheets to be transcribed into spreadsheet format after the event. Clearly, for a longer-term pro-
gramme of data collection, recording all details on a hand-held device such as a ‘tablet’, would
avoid much of the downstream processing of data which involved expected issues of substantial
administrative staff time and deciphering of hand-writing and risks such as transposition errors. The
cost of providing each enumerator with a ‘tablet’ (if they did not already have a suitable device)
would have to be weighed carefully against the cost of the transcription.

AA17. In order to provide sufficient space for enumerators to record the timings and events encountered
by each bus on each journey, the data collection sheets included up to 97 lines for each direction of

" Enumerators were also provided with a letter of authorisation from the operator in order to show to the driver and/or any passengers who queried their pres-
ence on the bus. In practice, the arrangements to engage the operator in briefing its staff, and the training given to enumerators about how to conduct the data
collection on-bus, did not result in the letter needing to be shown actively.
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travel. When printed, each journey had 10 sheets in order to be legible for both the enumerator and
the data analysts. The size and spacing of the forms was adjusted following initial feedback from
the enumerators in the first week. By allocating 5 enumerators to the bus route for up to 4.5 hours
on each weekday afternoon for the 3 weeks of the pilot study, it was planned to monitor 10 journeys
in each direction, representing 31.25% of PM departures on the service, and 17.54% of the total
number of journeys on the service as a whole2.

Data Cleansing and Preparation

A.18. The first stage of the data analysis was to download the data from the GPS devices and import it
into a GIS programme to validate the accuracy and completeness of the recordings against the
scheduled route. This process involved:

m Resolving differences between the geo-referencing of the GPS device and the analysis pack-
age. Data was converted from degrees, minutes and seconds to a decimal format as the anal-
ysis package was unable to plot GPS data in its original format.

m Identifying individual bus journeys from the data provided by each GPS data logger.

m Specification of a ‘geo-zone’ radius around each bus stop (by plotting the GPS data onto a map
using ArcGIS). From testing different radii, a ‘geo-zone’ of 7.5m around each bus stop was de-
cided upon. This was to account for tolerances in the accuracy of the GPS data loggers at-
tributable to the physical environment of the bus in which the GPS data was being recorded, the
3 second interval between each GPS datum being recorded by the logger and the possibility
that the bus did not stop, or was forced to stop slightly before or after each bus stop due to road
conditions (e.g. parked vehicles).

m ldentifying the time each bus enters and exits the ‘geo-zone’ for each individual bus run using
the Feature Manipulation Engine (FME) platform from Safe Software. This enabled the process
of identifying the arrival and departure time from each ‘geo-zone’ to be carried out automatically
for each individual journey between Bath and Bristol and between Bristol and Bath, exporting
the data as a single .csv file. This permitted the size of the ‘geo-zone’ around each bus stop to
be easily changed if there was a case for doing so for individual bus stops (e.g. bus stations).

m Coding exported data with text strings to improve the identification of data and reviewing it using
a pivot table in Microsoft Excel.

A.19. The second stage of the data analysis was to conduct the transcription from the substantial number
of individual pieces of paper into spreadsheet format. This process included a small amount of data
cleansing, as it was completed by administrative staff rather than staff involved in the analysis of the
data (who would have greater understanding of the techniques and requirements for transport mod-
elling), and put each enumerator’s daily records into one spreadsheet, with a separate tab for each
direction of travel. This work included those fields which had been specified for enumerator obser-
vation:

Whether the bus stopped at the bus stop or not;

The arrival time at the bus stop;

Number of alighting passengers;

Of the alighting passengers, how many had physical difficulty;
Duration of the bus being stopped at the bus stop;

Of the boarding passengers, how many paid a cash fare;

Of the boarding passengers, how many had a non-cash fare;

Of the boarding passengers, how many had physical difficulty; and

"2 The amount of paper generated meant that it was unrealistic to scan or photocopy the forms in order to transfer them from one PB/WSP office to another.
This posed more of a logistical issue than anything else, and would not be expected to occur if further data collection was done by a bus operator and/or local
authority.
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m The departure time from the bus stop.

A.20. In preparation for the modelling work, these records were then composited into one spreadsheet for
all journeys, with a separate tab for each direction of travel on each day of the pilot study period and
each bus stop and journey was given a unique identifier in order to facilitate the further analysis.
This spreadsheet was devised to construct a matrix which calculated the time (in minutes and sec-
onds) between individual bus stops, based on the time recorded by the enumerators. The data
fields incorporated were:

Direction of travel;

Bus stop name;

Stop reference number;

Bus stop ID (SMS code);
Scheduled departure time;

If the bus stopped at the stop;
Arrival time;

Departure time;

Date; and

Day of the week;

A.21. It was at this stage that a more substantial amount of data cleansing was carried out in order to en-
sure strict consistency of data for the modelling phase, including formatting, completeness and
normalisation. At the end of the data cleansing and preparation stage it was decided to use the
manually recorded data instead of the GPS data for the detailed analysis, as a number of issues
and limitations had been revealed in the processing including:

m Accuracy of GPS data provided by the data loggers — some GPS data loggers produced data
points a considerable distance off the route of the bus. This meant that even with a 7.5m ‘geo-
zone’, arrivals and departures at some bus stops were not being recorded or was inaccurate
compared to on-board manual counts.

m GPS data points recorded outside bus stop ‘geo-zones’ — at bus stops nearer to the centre of
Bath and Bristol it appeared likely from the cluster of data points that some buses were stopping
before or after the bus stop outside of the bus stop ‘geo-zone’ (mostly likely due to multiple bus
services serving the same single stop). There is the possibility that the data could be realigned
to the bus route manually, however this was judged to be an extremely time consuming
process.

m Difficult in identifying arrival and departure times at Bristol and Bath bus station from GPS data
alone — enumerators kept GPS loggers on for entire day. This led to GPS data being recorded
between bus journeys. This prevented a departure and arrival time being obtained from each
bus station. A substantially larger ‘geo-zone’ around the bus station may have reduced this
problem, however this was judged having a detrimental effect on the accuracy of the data.

A.22. In overall terms, although the GPS data provided journey times it did not accurately provide dwell
time (any more than the manual data did) or easily provide comparable reasons for delay at each
stop, such as passenger boarding/alighting movements, and so would have required cross-
checking with the manual counts anyway, resulting in a more lengthy data analysis period.

A.23. Following completion of the bus-only data analysis, it was necessary to carry out further extensive
data manipulation in order to facilitate the comparison between bus journey time variability and
general traffic variability, which was based upon the contemporaneous Trafficmaster data made
available via DfT. Given the vastly different purposes and sources of the two datasets, it was not
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A24.

A.25.

A.26.

A27.

A.28.

A.29.

A.30.

unexpected that the resultant amount of directly comparable data from the 3-week period was rela-
tively small (127).

Initially, a shape file in geospatial vector data format was drawn at a high level and as such, in plac-
es, did not fully trace the path of the Ordinance Survey Mastermap ITN (Integrated Transport Net-
work) Layer for the roads in the travel direction of Bristol to Bath that the Trafficmaster GPS Data
has been projected onto. Instances where this occurred tended to be along dual carriageway sec-
tions where the carriageway of the opposite direction was identified within the shape file. Where
this occurred average journey times for the opposite direction have been used.

For security purposes, the DfT provided the Trafficmaster GPS data with an anonymised “Link ref”
which corresponded to a “Link id”. A shape file was provided to allow for the “Link id” of relevant
ITN links along the Bristol to Bath bus route to be determined and a “Link id” to “Link ref” lookup
spreadsheet was also provided to match the Trafficmaster data with the relevant ITN Link. Traffic-
master GPS data for each ITN link was provided, where available, as 15 minute averages, by date
and vehicle class.

To identify the “Link ref” of relevant ITN links the shape file was loaded into GIS software. From
within this software ITN links not along the route of the X39 Bristol to Bath were removed. Relevant
INT links were also coded with the preceding bus stop. One of the limitations of the ITN dataset is
that it graphically represents single carriageway roads as a single link. For this reason Trafficmaster
GPS data had been coded with a letter indicating the direction of travel:

m  ‘A’indicating the direction of traffic flow as digitised in the original ITN and

m ‘B’ indicating the flow direction is opposite to the original digitisation.

On dual carriageways, each direction of travel was specified by two separate links each coded with
the letter ‘A’. The direction of the original digitisation was not specified in the data provided by DfT
and nor could it be confirmed through any further communication with DfT. Therefore the direction-
al coding of links was determined based on a manual review of the links provided within the GIS
software. From this, the “Link Ref” for each ITN Link between each bus stop along the route could
be obtained. This was then looked-up against the “link id’s” provided separately by the DfT.

The GIS analysis enabled journey times for each ITN link between bus stops along the route to be
established. From this dataset additional matrices were produced summarising the total journey
time between bus stops (as a sum of individual ITN links) by vehicle class, time and date. It is im-
portant to note that the way the Trafficmaster GPS data was summarised ensured that if data was
not available for all of the ITN links between bus stops for a given 15 minute time period, no total
journey time would be returned.

Clearly, for a valid comparison of the Trafficmaster GPS data with the bus survey data, the datasets
are required to be in the same format. Enumerators recording the bus survey data recorded the
cumulative journey time of each bus, noting down the arrival and departure time from each stop.
The journey time between consecutive bus stops was thus calculated by the difference between the
recorded departure and arrival times. In many instances enumerators only recorded a time when
the bus stopped. This meant that no time was recorded for many stops. Therefore, it is only possi-
ble to make a comparison with the Trafficmaster GPS data where times were recorded for two con-
secutive stops, significantly reducing the amount of data available for comparison.

A total of 1147 manual bus survey journey times and 1079 Trafficmaster journey times have been
identified from the data preparation process. From this, a comparison of the bus survey data has
been made with the average ITN link journey time of cars (Class 1) and Light Goods Vehicles (class
2), for the same 15 minute segment. Trafficmaster GPS data was available in 127 instances where
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manual bus survey data had been recorded. It would be possible to increase the number of match-
es in the future by using an hourly average of Trafficmaster GPS data, however this is likely to be
unrepresentative of observed bus journey time fluctuations, especially in the peak hours.
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Bus service route map

Appendix B
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Appendix C

Journey Time Data

Average
Total

Journey

Time (Stop

Departure

Journey to Stop SD Journey CV of Journey
Number | From Stop | To Stop Sample Size Departure) Time Time
2 200 201 121 00:06:16 | 00:02:39 0.422
3 200 202 102 00:14:41 |  00:05:02 0.343
5 200 204 125 00:19:29 | 00:05:34 0.286
6 200 205 | 85 | 00:22:54 | 00:06:21 0.277
8 200 207 114 00:24:19 |  00:06:04 0.249
9 200 208 78 00:28:07 | 00:06:39 0.237
10 200 209 122 00:27:37 |  00:06:30 0.235
11 200 210 119 00:29:01 | 00:06:36 0.227
12 200 211 96 00:29:42 | 00:06:04 0.205
13 200 212 98 00:32:06 | 00:06:35 0.205
16 200 215 93 00:39:18 | 00:08:15 0.210
19 200 218 87 00:41:38 | 00:07:47 0.187
20 200 219 104 00:43:23 | 00:09:41 0.223
26 200 225 92 00:49:34 |  00:07:53 0.159
27 200 226 79 00:52:06 | 00:10:29 0.201
28 200 227 75 00:51:51 | 00:10:14 0.197
29 200 228 101 00:52:30 | 00:09:34 0.182
30 200 229 |84 | 0053:25 | 00:08:35 0.161
31 200 230 70 00:54:28 |  00:08:02 0.147
35 200 234 76 00:59:03 | 00:08:36 0.146
36 200 235 110 00:58:58 |  00:10:42 0.182
37 200 100 | 343 | 01.02:27 | 00:10:43 0.172
39 201 202 91 00:08:22 | 00:03:07 0.372
3 201 204 108 00:13:48 | 00:04:02 0.293
42 201 205 |I80 | 00:16:54 | 00:04:28 0.264
44 201 207 97 00:18:36 | 00:04:28 0.240
45 201 208 74 00:21:36 | 00:04:47 0.222
46 201 209 107 00:21:52 |  00:04:46 0.218
47 201 210 103 00:23:29 |  00:04:59 0.212
18 201 211 85 00:24:18 | 00:04:43 0.194
49 201 212 90 00:26:30 |  00:04:59 0.188
52 201 215 77 00:33:59 | 00:06:57 0.204
55 201 218 7 00:36:15 |  00:06:32 0.180
56 201 219 89 00:38:04 | 00:08:49 0.232
62 201 225 80 00:43:58 | 00:06:42 0.153
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Average
Total
Journey
Time (Stop
Departure
Journey to Stop SD Journey CV of Journey
Number From Stop | To Stop Sample Size Departure) Time Time
63 201 226 71 00:46:11 00:09:28 0.205
64 201 227 66 00:46:28 00:09:12 0.198
65 201 228 88 00:47:00 00:08:50 0.188
67 201 230 60 00:49:42 00:07:36 0.153
71 201 234 65 00:53:33 00:07:36 0.142
72 201 235 95 00:53:24 00:10:00 0.187
73 201 100 121 00:57:26 00:10:00 0.174
76 202 204 90 00:05:51 00:01:39 0.283
79 202 207 80 00:10:27 00:02:07 0.202
80 202 208 64 00:13:02 00:02:35 0.199
81 202 209 89 00:13:50 00:02:50 0.205
82 202 210 88 00:15:20 00:02:55 0.190
83 202 211 72 00:16:47 00:03:11 0.190
84 202 212 75 00:18:41 00:03:03 0.163
87 202 215 70 00:26:03 00:05:24 0.207
90 202 218 70 00:28:18 00:04:49 0.170
91 202 219 76 00:30:03 00:07:20 0.244
97 202 225 70 00:36:12 00:05:06 0.141
98 202 226 58 00:37:01 00:04:22 0.118
99 202 227 58 00:38:24 00:07:46 0.202
100 202 228 73 00:39:26 00:07:43 0.196
106 202 234 60 00:45:38 00:06:22 0.140
107 202 235 77 00:45:34 00:07:25 0.163
108 202 100 104 00:48:59 00:07:52 0.161
144 204 205 52 00:02:42 00:00:36 0.221
146 204 207 103 00:04:26 00:01:03 0.236
147 204 208 73 00:07:02 00:01:47 0.253
148 204 209 109 00:07:55 00:02:14 0.282
149 204 210 106 00:09:27 00:02:24 0.254
150 204 211 87 00:10:49 00:02:32 0.234
151 204 212 88 00:12:37 00:02:40 0.212
154 204 215 85 00:19:49 00:04:34 0.231
157 204 218 78 00:21:55 00:03:32 0.161
158 204 219 93 00:24:11 00:07:06 0.294
164 204 225 82 00:30:16 00:04:49 0.159
165 204 226 72 00:31:53 00:07:58 0.250
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Average
Total
Journey
Time (Stop
Departure

Journey to Stop SD Journey CV of Journey

Number | From Stop | To Stop Sample Size Departure) Time Time
166 204 227 66 00:32:03 | 00:07:03 0.220
167 204 228 88 00:33:16 | 00:06:53 0.207
169 204 230 | 57 | 00:36:07 | 00:06:23 0.177
173 204 234 63 00:39:28 | 00:05:34 | 0441 |
174 204 235 98 00:39:51 | 00:08:28 0.212
175 204 100 - 00:43:25 | 00:08:30 0.196
207 205 100 00:41:24 | 00:08:31 0.206
240 207 208 63 00:02:34 | 00:01:12 0.472
241 207 209 99 00:03:32 | 00:01:41 0.476
242 207 210 97 00:05:03 | 00:01:49 0.360
243 207 211 78 00:06:29 | 00:02:07 0.328
244 207 212 77 00:08:11 | 00:02:18 0.280
247 207 215 77 00:15:25 | 00:04:25 0.286
250 207 218 69 00:17:25 | 00:03:12 0.184
251 207 219 84 00:20:00 | 00:07:02 0.352
257 207 225 72 00:25:46 | 00:04:44 0.184
258 207 226 65 00:27:29 | 00:07:53 0.287
259 207 227 59 00:27:42 | 00:07:01 0.253
260 207 228 80 00:28:51 | 00:06:58 0.241
262 207 230 | 86 | 00:31:11 | 00:06:15 0.200
266 207 234 59 00:34:42 | 00:05:35 0.161
267 207 235 00:35:22 | 00:08:43 0.246
268 207 100 00:38:51 | 00:08:32 0.220
270 208 209 00:01:17 | 00:00:48 | N0i632
271 208 210 00:02:49 | 00:00:58 0.343
272 208 211 00:04:21 | 00:01:17 0.296
273 208 212 00:05:55 | 00:01:31 0.255
276 208 215 00:13:56 | 00:04:47 0.343
279 208 218 00:15:18 | 00:02:52 0.188
280 208 219 00:17:41 | 00:05:11 0.293
286 208 225 00:24:01 | 00:04:47 0.199
287 208 226 00:25:08 | 00:07:56 0.316
289 208 228 00:26:23 | 00:04:50 0.183
296 208 235 00:33:04 | 00:07:52 0.238
297 208 100 00:36:42 | 00:08:02 0.219
299 209 210 104 00:01:34 | 00:00:24 0.253

51|55

B=WSP




Average
Total
Journey
Time (Stop
Departure
Journey to Stop SD Journey CV of Journey
Number From Stop | To Stop Sample Size Departure) Time Time
300 209 211 85 00:03:10 00:00:42 0.219
301 209 212 85 00:04:38 00:01:02 0.223
304 209 215 80 00:12:04 00:03:58 0.329
307 209 218 70 00:14:38 00:03:29 0.238
308 209 219 88 00:16:38 00:06:12 0.372
314 209 225 75 00:22:39 00:04:18 0.190
315 209 226 71 00:23:34 00:06:44 0.286
316 209 227 66 00:24:33 00:06:44 0.275
317 209 228 85 00:25:55 00:06:40 0.257
318 209 229 50 00:26:33 00:04:41 0.177
319 209 230 58 00:28:24 00:06:09 0.217
323 209 234 67 00:31:40 00:05:15 0.166
324 209 235 89 00:32:09 00:07:44 0.240
325 209 100 122 00:35:39 00:07:44 0.217
327 210 211 85 00:01:37 00:00:32 0.330
328 210 212 85 00:03:06 00:00:53 0.286
331 210 215 83 00:10:34 00:03:53 0.367
334 210 218 72 00:13:00 00:03:28 0.266
335 210 219 87 00:15:13 00:06:04 0.399
341 210 225 81 00:20:53 00:04:16 0.204
342 210 226 70 00:22:15 00:06:37 0.297
343 210 227 65 00:23:20 00:06:37 0.284
344 210 228 85 00:24:27 00:06:37 0.271
346 210 230 62 00:26:46 00:06:01 0.225
350 210 234 65 00:30:06 00:05:16 0.175
351 210 235 92 00:30:44 00:07:33 0.246
352 210 100 119 00:34:26 00:07:37 0.221
354 211 212 70 00:01:39 00:00:37 0.378
357 211 215 69 00:09:14 00:04:10 0.453
360 211 218 66 00:11:07 00:02:05 0.187
361 211 219 76 00:13:18 00:05:56 0.446
367 211 225 69 00:19:32 00:04:21 0.222
368 211 226 57 00:20:05 00:02:52 0.143
369 211 227 52 00:21:21 00:06:25 0.301
370 211 228 74 00:22:43 00:06:20 0.279
376 211 234 54 00:28:27 00:04:48 0.169
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377 211 235 78 00:29:01 | 00:06:10 0.212
378 211 100 98 00:32:48 | 00:06:27 0.196
382 212 215 69 00:07:23 | 00:03:22
385 212 218 65 00:09:54 | 00:03:15
386 212 219 74 00:12:02 | 00:05:54
392 212 225 68 00:17:49 | 00:03:17 0.185
393 212 226 00:19:14 | 00:06:43 0.349
394 212 227 00:20:17 | 00:06:33 0.323
395 212 228 00:20:49 | 00:06:01 0.289
397 212 230 00:23:28 | 00:05:13 0.222
401 212 234 00:27:05 | 00:04:36 0.170
402 212 235 00:27:43 | 00:07:31 0.271
403 212 100 00:31:26 | 00:07:27 0.237
454 215 218 00:02:51 | 00:00:58 0.340
455 215 219 00:04:16 | 00:01:14 0.291
461 215 225 00:10:46 | 00:02:01 0.188
162 215 226 00:11:31 | 000148 | 0457 |
463 215 227 00:12:23 | 00:02:05 0.168
464 215 228 | 68 | 001323 | 00:02:19 0.173
466 215 230 00:15:59 |  00:02:50 0.177
470 215 234 00:19:21 | 00:02:36
471 215 235 00:20:07 | 00:02:52
472 215 100 00:23:17 | 00:03:25
515 218 219 00:01:32 | 00:00:38 0.416
521 218 225 00:08:01 | 00:01:38 0.203
522 218 226 |52 | 00:08:41 | 00:01:33 0.179
524 218 228 00:10:27 | 00:01:48 0.172
531 218 235 00:17:04 | 00:02:30
532 218 100 00:20:22 | 00:03:11
539 219 225 00:06:25 | 00:00:54
540 219 226 00:07:10 | 00:00:55
541 219 227 00:07:55 00:01:06
542 219 228 00:08:52 | 00:01:09
548 219 234 00:14:55 |  00:01:57
549 219 235 00:15:36 | 00:02:03
550 219 100 104 00:18:37 |  00:02:55
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627 225 226 55 00:00:53 00:00:27 0.498
628 225 227 53 00:01:40 00:00:32 0.320
629 225 228 71 00:02:31 00:00:35 0.231
631 225 230 53 00:04:51 00:01:15 0.259
635 225 234 56 00:08:35 00:01:27 0.168
636 225 235 78 00:09:26 00:01:40 0.176
637 225 100 92 00:12:49 00:02:35 0.202
640 226 228 62 00:01:54 00:00:27 0.234
647 226 235 65 00:08:46 00:01:31 0.174
648 226 100 79 00:11:58 00:02:26 0.204
650 227 228 61 00:01:08 00:00:19 0.277
657 227 235 59 00:08:12 00:01:23 0.168
658 227 100 75 00:11:09 00:02:12 0.198
661 228 230 53 00:02:12 00:00:55 0.418
665 228 234 58 00:05:51 00:01:09 0.198
666 228 235 82 00:06:44 00:01:14 0.182
667 228 100 101 00:09:57 00:02:13 0.222
675 229 100 54 00:08:38 00:01:50 0.211
681 230 235 55 00:04:44 00:00:47 0.165
682 230 100 70 00:08:02 00:02:11 0.272
699 234 235 53 00:01:20 00:00:28 0.352
700 234 100 76 00:04:24 00:01:57 0.445
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	1 Introduction
	1.1 Pilot Study Context
	1.1.1 DfT awarded the PB/WSP supplier consortium a contract to carry out research into bus journey time variability in urban areas in England (outside of London).  The first stage of this project was the submission of a Technical Report to outline the...
	1.1.2 Following identification of a suitable location and service, engagement of local stakeholders and agreement between DfT and PB/WSP on the scope of the data to be gathered, a Pilot Study was conducted on buses operating in service between Bath an...
	1.1.3 From the Technical Report’s literature review, it was possible to determine the implied importance of various factors influencing bus journey variability.  These are provided in Table 1 below.
	1.1.4 The factors with the highest implied importance are also those factors which are analysed and presented in this report, with the addition of consideration of passenger numbers and whether passengers travel with cash or non-cash fares.  These lat...
	1.1.5 Chapter 3 of the Technical Report identified that the measure of variability which would be adopted in this study would be the coefficient of variation (CV), as it is the recommended measure of urban travel time variability (by DfT, through WebT...

	1.2 Overview of Data Collected
	1.2.1 The data collection process of the Pilot Study, described fully in Appendix A, generated one observation record for each bus journey on which the enumerators travelled.  As the survey period covered 15 consecutive weekdays (between 04/11/2013 an...
	1.2.2 Bus journey time consists of vehicle travel time and dwell time at bus stops (for passenger boarding and alighting).  Consequently, the data collection process included the recording of bus arrival and departure times, while the analysis which i...
	1.2.3 Along the route, there are 37 stops in total from Bristol to Bath, which lead to 666 combinations of stop pairs.  Ideally for data modelling, although not necessarily for bus operation, there would be 144 records of bus travel time for each of t...

	1.3 Data for Analysis
	1.3.1 Following data collection and processing, the dataset available consisted of up to 144 trips for each of the 666 (= (37x36)/2) stop-stop route sections.  For consistency, in this report, each stop-stop combination is referred to as a ‘route sect...
	1.3.2 The following data was available and has been analysed:
	1.3.3 Although some further data were available, the items above have been selected to demonstrate the potential of the method of analysis.

	1.4 Initial Data Checks
	1.4.1 The first step in the analysis is to check the impact of the varied sample size for the different route sections.  58 pairs of stops have fewer than 3 journey records and have been excluded from the analysis.  For the rest of the route sections,...
	1.4.2 As can be seen from the above figure (1a), if the sample size is small, the CV values tend to be greater and more varied.  As the sample size increases, CV values become more concentrated.  This demonstrates that a small sample size may introduc...
	1.4.3 In later analysis, segmentation of the data into peak and /off peak0F  periods was introduced. Figure 1b shows the relationship between CV and observations once this segmentation is introduced. Based on observation of this chart, and to ensure a...
	1.4.4 As many of these combinations overlap by sharing the same section of route, bias could be introduced and make the results less representative.  To allow some degree of sense-checking therefore, the sections between the operator-specified timing ...
	As there are only 5 such sections, conclusions cannot be drawn from these points alone, and indeed it would not be unreasonable to expect these to exhibit different characteristics to sections not involving timing points, as buses operating early woul...
	1.4.5 A map of the route is provided in Appendix B.  It can be noted that the last two sections have a sample size of fewer than 50 journey records (35 and 42 respectively) and hence would otherwise have fallen outside of the group of the initial 201 ...


	2 Analysis of Factors Influencing Bus Journey Time
	2.1 Introduction
	2.1.1 In the following sections, analysis is presented of the survey data on bus journey times and which investigates the influence different journey factors have on the variation recorded.
	2.1.2 In the previous stage of this work, we conducted a literature review to identify what the most appropriate measures of variation would be. It had been noted that, for general traffic, while the standard deviation of travel time increases with jo...
	2.1.3 For this reason CV is the standard measure for comparing different situations where mean values of travel time may be substantially different. It is also the recommended measure for urban travel time variability in general traffic (DfT 2013).  E...
	2.1.4 We have therefore used CV as the standard measure of variation throughout this work, with some comparison against Standard Deviation and Average Journey Times where this provides useful comparators.

	2.2 Influence of Total Journey Time
	2.2.1 In appendix C, for each stop to stop combination, the average travel time, standard deviation value and CV value are calculated.  This table replicates Table 2 of the Technical Report, but replaces the synthetic data with empirical data.  The re...
	Standard Deviation, Coefficient of Variation and Heterscedasticity
	2.2.2 The different relationships displayed for SD and CV are very much in line with the findings for general traffic in Saltford in October 2012, using Trafficmaster data2F , that while the standard deviation of travel time increases with journey dis...
	2.2.3 It appears however from Figure 2 that the variation in CV decreases as journey time increases, whereas the SD has a relatively constant level of variation.
	2.2.4 This suggests that the relationship of CV to journey time may be heteroscedastic (having non-constant variance), whereas the relationship with SD is homeoscedastic (having constant variance). Similar patterns are seen later when comparing CV and...
	2.2.5 This does raise some concern for regression modelling, as the estimation of a linear model inherently assumes that the variation is constant. This has been noted, but was not thought to invalidate the tests of relative strengths of relationships...
	Conclusions for Bus Variability
	2.2.6 Figure 2 shows that as average journey time becomes longer, the CV values tend to be more concentrated, and decline rapidly at first, and then more gradually. This supports the theory that buses make up lost time during a journey: although there...
	2.2.7 The light coloured points in the chart are those route sections with 50 observations or more, and the darker points are the 5 timing point to timing point pairs.  Among these 5 timing point sections, when average journey time increases, the CV b...
	2.2.8 Figure 3 shows standard deviation (SD) values for each route section, again arranged by increasing average journey time.  As can be seen from the chart, there is a strong linear relationship between average journey time and SD of journey time (r...

	2.3 Influence of Number of Stops
	2.3.1 The above three charts examine the number of bus stops passed for each route section, against the average travel time, SD and CV values respectively.  It should be noted that this analysis does not relate to whether the bus stopped at intermedia...
	2.3.2 As would be expected, the number of stops is strongly correlated to the average travel time and standard deviation value.  Significantly, the standard deviation is slightly less correlated with stops (Figure 5) than journey time (Figure 3), but ...
	2.3.3 Amongst the timing point sections, Newton St Loe to Bath has the largest number of stops passed, which seems to offer some explanation for its lower CV value.

	2.4 Influence of Number of Junctions Traversed
	2.4.1 The relationship between the number of junctions traversed and bus travel time (average journey time, SD and CV) shows a similar pattern to the number of stops passed.  However, the number of junctions is very highly correlated with average jour...

	2.5 Influence of Junction Type
	2.5.1 As shown above in Figures 7 to 9, the influence of the number of junctions traversed on journey time variability does not appear to be very strong.  However, it was thought likely that the type of junction may influence the amount of journey tim...
	2.5.2 To isolate this factor, the junctions have been grouped by type, and the number of junctions of each type along the route was summarised.  Figure 10 below shows the junctions grouped into 8 separate types4F , and the number of these types betwee...
	2.5.3 Figure 11 and Figure 12 below show the difference in speed and coefficient of variation split between junctions with and without bus priority.  In this analysis, the time between adjacent bus stops has been focused on solely because any impact o...
	2.5.4 The speed chart (figure 11) shows that bus speeds are higher on average where there are fewer junctions.  However, there are a number of route sections with few or no junctions present which have relatively low speeds.  There is no evidence of a...
	2.5.5 The coefficient of variation chart (figure 12) shows CV of journey time is lower for sections with fewer junctions, which seems intuitively correct although it has been seen above that the relationship is not strong.  Again, the sections with fe...
	2.5.6 Hence it can be concluded that a small number of junctions is necessary to achieve higher speeds and lower variation, but is not a sufficient condition in itself.  On the evidence provided thus far, there appears to be no difference in impact ac...

	2.6 Influence of General Traffic
	2.6.1 As the data collection element of the study was concerned primarily with bus-specific data, such as passenger characteristics, Trafficmaster GPS data was processed to provide a sample of general traffic speeds and journey times for comparative s...
	2.6.2 ‘Same time, same place’: Demonstrating to what extent at a specific location variations in bus journey times are related to variability in the journey time of general traffic occurring at the same time.  Given the fixed distances involved it may...
	2.6.3 ‘Different times, same place’: This approach yields more data, but can only consider whether a given location which exhibits variation in bus speeds also exhibits variations in speeds of general traffic.  This would lead to conclusions about typ...
	2.6.4 It is unlikely that either comparison would establish a causal link between bus journey times and general traffic, however this information can give an idea of to what extent bus journey times and traffic speeds are related.
	Same Time, Same Place analysis
	2.6.5 Figure 13 below shows the comparison of bus and traffic speed at the four locations with the highest number of ‘same time, same place’ observations available.  This shows very little direct correlation between bus speeds on a route section and t...
	Different Times, Same Place analysis
	2.6.6 The charts in Figure 14 (below) compare characteristics of bus and general traffic journey time variation for comparable route sections.  In each case, all available data for the comparable route sections are included, not just that collected si...
	2.6.7 The first chart (a) shows that the amount of variation in bus journey time observed for a route section is related to the variation in journey time for general traffic, though not strongly (R-squared = 0.23). The second (b) shows that the averag...
	2.6.8 The ‘same time, same place’ analysis may begin to show similar patterns with more data and careful selection of route sections and survey periods.  Alternatively, it may be that in the 15 minute time periods used for Trafficmaster data there is ...
	2.6.9 Charts (c) and (d) show how the average speed of general traffic and buses respectively relate to variability in journey time.  In both cases, it can be seen that speeds are generally lower where variation in journey time is high.  This is intui...
	2.6.10 Charts (e) and (f) show that in each case the variation in journey time is not strongly related to the length of the route section.  This seems to add weight to the earlier observation that it is the number of stops encountered by the bus which...
	Conclusion
	2.6.11 In conclusion on TrafficMaster data, it appears there are some interesting correlations between bus speeds and those of the general traffic. However, the relationships between CV of journey time for bus and traffic are not particularly strong. ...

	2.7 Influence of Total Number of Passengers Boarding and Alighting
	2.7.1 It is of course the case that buses behave differently to general traffic in that they stop periodically to set down and pick up passengers.  While it is expected that the bus schedule will take account of this, the effect of passengers, who wil...
	2.7.2 A further plot has been made which shows the average number of passengers per stop against the average journey time per stop (see Figure 18).  This chart suggests that when there are more passengers per stop, the travel time per stop (from arriv...
	2.7.3 In order to further investigate the influence of passenger numbers on each journey, Figure 19, Figure 20, Figure 21, Figure 22 and Figure 23 examine how passenger numbers influence journey time for each valid journey record on the 5 route sectio...
	2.7.4 It can be seen that generally, the number of passengers correlates to the travel time on each route section:  as more passengers are involved, the journey then takes more time.  However, the relationship again is not linear.  In particular, the ...
	2.7.5 In interpreting the influence of passenger numbers, it may be worth considering whether this variable operates in isolation.  Higher passenger numbers are likely to correspond with peak periods where traffic levels are also high, so that traffic...

	2.8 Influence of Cash or Non-Cash Payment
	2.8.1 A further consideration in respect of passengers is the purchase/validation of tickets (including payment of a fare).  From the literature review it was identified that ticket type was an element with medium importance to bus journey time variab...
	2.8.2 Figure 24 shows the relationship between the number of cash fare passengers (who pay cash as they board the bus) and the average journey time.  The major feature to note is that the number of cash payments is typically very low: less than 1, and...
	2.8.3 Manual investigations of the data were undertaken to better understand these patterns. It was concluded that the route sections with fewer than 2 cash fare passengers were in very different areas to those with 2 or more cash fare passengers. Ess...
	2.8.4 It appears that there is a difference in both absolute journey time and cash payment proportions for route sections which include the busiest stops.  This seems logical as route sections are shorter in busy areas, and those areas are more likely...
	2.8.5 Figure 27 below shows the relationship between the number of non-cash fare passengers (who do not pay cash on the bus) and the average journey time and presents quite a similar pattern to other variables.
	2.8.6 Generally, significantly more non-cash fare passengers were recorded in the survey than cash fare passengers.  As with cash passengers, sudden falls in journey time are seen as non-cash passenger numbers increase.  This can again be explained by...
	2.8.7 Once again, the consideration of CV helpfully eliminates this pattern.  It can be seen in Figure 29 that the non-cash passengers have a weaker correlation with CV of journey time than cash passengers (R-squared <15%), and that the slope is consi...


	3 Correlation Coefficients and Regression Model
	3.1 Analysis of Correlation Coefficients
	3.1.1 One of the purposes of the study is to identify the factors having greatest influence on the variability of journey time.  The linear correlation coefficient values are statistical measures of the strength and direction of the linear relationshi...
	3.1.2 The following tables summarise the linear correlation coefficient values of all the potential variables against the CV of journey time values. This analysis has been carried out first for ALL journeys (‘Overall’ figure), then separately for peak...
	3.1.3 It should be noted that for comparability, these analyses have all been conducted with a minimum number of observations per route section of 106F .
	3.1.4 The values referred to in the following text are relevant to the total survey period unless otherwise specified.
	3.1.5 The results show that the CV of the number of passengers has the strongest positive influence on the CV of bus journey time with a correlation coefficient value of 0.51, which indicates that with the increase of CV of the number of passengers, t...
	3.1.6 The number of stops has the strongest negative influence on the CV of bus journey time with a correlation coefficient value -0.41, which indicates that the more bus stops the bus passes, the smaller the CV of journey time tends to be, as already...
	3.1.7 This relationship probably explains some of the other high negative correlations with CV of Journey Time: all of the factors related to number of passengers, number of junctions etc. show this pattern. This is unlikely to be for any reason which...
	3.1.8 Due to this strong negative relationship of distance–related factors and CV of journey time, a further factor ‘passengers per stop’ was created, designed to test the correlation of the number of passengers, without the influence of distance. It ...
	3.1.9 Table 3 also differentiates between the total stops passed by each bus and those at which the bus called. It was felt that this might demonstrate that ‘skipping’ stops provides some additional benefit in terms of reducing the variation in journe...
	3.1.10 When looking at the values in terms of peak period and off peak period, it can be seen that the correlation is usually much stronger in the off-peak than peak period, with the relationship often breaking down in the peak period. The ‘overall’ c...
	3.1.11 The reason for this weaker peak correlation is thought to relate to the higher road traffic levels and increased congestion in the peak: we know that it cannot be caused by increased passenger numbers, as our passenger measures also show a weak...

	3.2 Multi-regression for all time periods
	3.2.1 Another purpose of the bus journey time variability study is to consider the elements required to build a model that shows the relationship between the factors having strong influence on bus journey time and the CV of bus journey time. Hence mul...
	3.2.2 The factors for inclusion in the multi regression model have been selected based on:
	3.2.3 On this basis, the following factors were selected for the first model:
	3.2.4 It is generally good practice in regression model to minimise the number of variables added, as mis-leading results can be produced by adding poorly correlated factors. Models with large numbers of variables can easily achieve a high level of fi...
	3.2.5 The regression model produces the following equation to numerically describe the relationship between the CV of journey time and other factors. The model also tries to forecast the CV of journey time.
	3.2.6 With the above regression values, a regression model to forecast the CV of bus journey time values has been developed. The equation of the model is:
	3.2.7 In the summary output, R Square indicates the goodness of fit, higher value of R Square indicates the model fits the data better.  P-value indicates the probability of rejecting the null hypothesis. A low p value (<0.05) indicates that the facto...
	3.2.8 The variables of X1, X2 and X3 all have estimated p-values smaller than 0.05.  Therefore, they have significant correlation with the CV of bus journey time.
	3.2.9 The overall R-Squared value of 0.36 indicates that the model fits the data to some extent (the inclusion of the number of stops, CV of the number of passengers and the average number of passengers per stop explain 36% of the variety of bus journ...
	3.2.10 The coefficients are intuitively correct, in that the variation in journey time will fall as the number of stops rises and rise if either the number of passengers becomes more variable or the number of passengers per stop rises.  It should be n...
	3.2.11 In conclusion, the regression model shows that the number of stops, CV of number of passenger, and average number of passenger per stop have reasonable correlations with CV of bus journey time.  The multi regression model can to some extent pre...

	3.3 Multi Regression Model for off peak period
	3.3.1 As seen from the tables in Section 3.1, after introducing the extra dimension of peak and off peak periods, off peak is better explained by explanatory variables, having higher correlation values than both the peak period and the peak and off-pe...
	3.3.2 All of the existing explanatory variables in the model for overall records have been kept in this model. In addition, an extra factor of “ratio of number of stops called to number of stops passes” has been selected due to its reasonably high cor...
	3.3.3 With the above regression values, a regression model to forecast the CV of bus journey time values has been developed. The equation of the model is:
	3.3.4 All the P-values are below the threshold value 0.05 which indicates that all the selected factors in this model are playing important roles to explain the response of the independent variable (CV).  This model also achieves a higher value of R s...
	3.3.5 The improvement is likely to be due for the most part to the restriction of the model to the off-peak period. As noted above, it appears that in the off-peak the variation in journey time is more easily related to known factors. In the peak the ...


	4 Conclusions and suggestions
	4.1 Data Analysis and Regression
	4.1.1 The work above has looked at how the variation in journey time shown in the survey is related to a number of factors collected during the survey.  The major conclusions which can be drawn are as follows:
	Analysis of Variation
	4.1.2 As had been anticipated, the simple Standard Deviation (SD) of journey time behaves very differently from the Coefficient of Variation (CV).  SD grows larger as most measures of journey length increase (time, number of stops, total passengers). ...
	4.1.3 Multiple regression techniques do improve the ability to predict CV for bus services.  However, at best we are able to explain only 36% (or 59% in the off-peak) of variation using this approach.
	4.1.4 One area of caution is that the coefficient of variation shows strong signs of heteroscedasticity (i.e. non-constant variation). Typically, for lower values of journey time, number of stops etc., there is considerably more variation in the value...
	4.1.5 It is also important to note that the current approach is based on pairwise stop comparisons, and many of the combinations are overlapping: for example the route section from stop 201 to 202 is included in that from 200 to 202, 200 to 203, 201 t...
	4.1.6 One alternative to using the overlapping route sections would be to increase the sample size (across a longer time period or more routes) to allow the selection of a set of non-overlapping route sections whilst maintaining a reasonable sample. A...
	Link between Variability and Journey Length
	4.1.7 The higher correlations shown do not necessarily imply a direct causation between journey time variability and journey length. However, one possible hypothesis for such causation is that services are able to ‘catch-up’ delay experienced over lon...
	4.1.8 It is also very likely that timetable design plays a major factor in this ‘catch-up’ effect, with timings adjusted to account for areas where delays often occur, and allow some catch-up. The extent of variation in the timetable was one of the ke...
	4.1.9 A further potential factor is that buses which are full may not observe all scheduled stops: buses full to capacity with no passengers wishing to alight will not be able to stop and pick up further passengers, leaving the intending passengers fo...
	Transferability of Results
	4.1.10 Though it seems intuitively likely that similar relationships would exist in other areas, the current multi-regression model cannot be assumed to be immediately transferable. Further work would first be required to ensure that the relationships...
	4.1.11 The finding for this dataset, that as average journey time becomes longer, the CV values tend to reduce is contrary to the anticipated outcome and can only be stated at this stage to be true for the journeys covered by this data collection exer...
	4.1.12 Regarding the impact of junctions, it does seem apparent that route sections with a small number of junctions achieve higher average speeds and lower variation in journey time, but the number of junctions is not a sufficient condition in itself...
	4.1.13 From the data available for this study, no significant conclusions can be drawn about the relationship between journey time variability of general traffic and that of buses.  Some of the data does however confirm intuitive and conventional logi...
	4.1.14 There is some indication of a weak correlation between variation in bus journey time and general traffic, which may merit further investigation. However, there was not sufficient information or a strong enough relationship to justify an attempt...
	Further Analysis Work
	4.1.15 From our review of the dataset, it appears possible that more insights and improved relationships could be achieved by continuing analysis.  Such analysis of the existing data could include, amongst other options:

	4.2 Suggestions for Data Gathering
	4.2.1 Existing automated data collection systems (e.g. Automatic Vehicle Location and Electronic Ticket Machines) do not provide details of the causes of bus journey time variability, far less identify and quantify the benefit of solutions, and theref...
	4.2.2 The pilot study has however confirmed that it is possible in principle to gather relevant data (subject to real-life disruptions of bus operations) and to use that in a simple model.  In order to increase further understanding of bus journey tim...
	4.2.3 The transcribed enumerator data and a presentation showing the summary headlines of variability have been provided to both the operator and the local authorities for their own reference and analysis.  From these files, it will be possible for th...
	4.2.4 While capital investment in bus infrastructure may reduce the variability of bus journey time, it is not proposed that local authorities (and/or bus operators where the bid is in partnership) are required to gather bus journey time variability d...
	4.2.5 In the event that journey distance and number of passengers are two of the primary universal causes of bus journey time variability, it is unlikely that local authorities will be in a position to be able to influence these in a positive manner i...

	4.3 Suggestions for appraisal tools/guidance
	4.3.1 Prior to commencing this study, it was understood that the Department’s intention was to consider whether the study outputs could be used as the basis for improving the Department’s transport appraisal guidance and toolkit (WebTAG).
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