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Empirical evaluation of the bus travel time variability 
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The Figure 7 presents the route-level definition of period-to-period PTTV. This definition of 
period-to-period PTTV might be more suitable on the route level, where transit operators are 
interested in how stable is their service. This definition could be called period -to-period 
PTTV on route level. It shows the variations in travel time of buses from a specific route on 
different periods. Therefore, it could be used as a within-day stability indicator for the travel 
time of a route. The information might be of interest for transit operators. However, similar to 
the vehicle-to-vehicle case for route level, the accuracy suffers from the variations in number 
of buses in each time window.  
 
Figure 7 Period-to-period PTTV of route 411 on Coronation Drive, Brisbane 

 

4.3 Day-to-day travel time variability 

Day-to-day TTV measures the variability between travel times of vehicles on similar trips on 
different days within the same time period (Noland and Polak, 2002, Bates et al., 1987).   
Day-to-day CTTV is often calculated in the literature by multiple day average travel time 
values within a certain time window, or using the travel time of floating cars on the same 
study sites (Chien and Liu, 2012, Oh and Chung, 2006). 
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Here ὝὝȟ represents the Ὠ  averaged travel time samples of all the vehicles of day d 

during time window p; ὝὝ represents the average of ὝὝȟ on each of D days. The Figure 8 

illustrates the definition of day-to-day TTV through Bluetooth-enabled devices on all working 
days from March to June 2012 (in total 72 days).  
 
Figure 8 Day-to-day TTV of Bluetooth enabled vehicles on Coronation Drive, Brisbane 
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Derived from the same definition, the day-to-day PTTV could also be measured using TSP 
data. An average of all buses within a study time window (30 mins) on a working day is 
calculated to represent the average bus travel time on day di, time window pi. The average 
values are used by the same reason as discussed in the previous section. The Figure 9 
shows the measurement of day-to-day PTTV on all working days from March to June 2012. 
Day-to-day TTV from Bluetooth-enabled devices and buses share similar pattern. The CV is 
relatively low and stable during off-peak periods at around 5% for Bluetooth-enabled devices 
and 10% for bus. They are both sharply increasing and reducing during congestion built-up 
and dissipation, in which the CV could be up to 40% in the Bluetooth case and 35% in the 
bus case. It denotes that the average bus travel time could vary by up to 35% during these 
periods. The difference between traffic demands, weather condition, and incidents could be 
the main contributions to this variation. The TTV drops during morning peak period due to 
highly congestion. This definition of PTTV could be useful for traffic managers in monitoring 
the inter-day variability of bus travel time in general. However, the travel time is averaged, 
which could normalise some variability between individual buses such as driver behaviour 
and signal delay. This definition of variability could be named day-to-day PTTV on corridor 
level.  
 
Figure 9 Day-to-day PTTV on Coronation Drive, Brisbane 

 
 
Utilise the availability of bus route number and service scheduled start time; another way to 
measure the day-to-day PTTV could be defined. This definition focuses on the variability of a 
specific bus route rather than all the buses. The buses of the same route and service 
scheduled start time are considered, because these buses are scheduled to travel time 
similarly.  
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Here ὝὝȟȟ represents the Ὠ  individual travel time sample of the bus of route r which is 

scheduled to start at time s of day d; ὝὝ represents the average of ὝὝȟȟ on each of D days. 

The definition of PTTV is illustrated in the Figure 10. While the black points represent the 
individual bus travel time over 4 months data of working days, the blue points show the 
service scheduled start time and variability of the service. The service scheduled start time is 
earlier than the real observed time at the upstream intersection. This gap is approximately 3-
5 minutes vary from case to case.   
A similar pattern to the previous case could be observed. The day-to-day PTTV of services 
starting during off-peak periods is relatively low. It is the evidence that these services are 
reliable. However, as the congestion increasing, the variability is raising up. At a certain level 
of congestion, the day-to-day variability is getting lower because the vehicles are jammed 
with each other. This information is useful for transit operators in scheduling, particularly in 
deciding the timetable and recovery time. The reliability performance of each service on 
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The vehicle-to-vehicle PTTV on corridor level is useful if the bus services are relatively 
similar. If distinctive services such as local and express bus routes are all considered in the 
measuring the PTTV, the value of CV could increase from the fact that these routes are 
designed to operate differently. The vehicle-to-vehicle PTTV on route level is useful in 
uniform headway-based frequent system, where the buses are distributed equally and within 
short time gap. The period-to-period PTTV on corridor level and on route level is beneficial to 
investigate the variance between peak and off-peak travel time of public transport. The 
higher period-to-period variability also denotes a more congested day. However, the vehicle-
to-vehicle and especially the period-to-period definitions of PTTV have limited information on 
the pattern of public transport TTV as the data of only a single day is explored.  
The definition of day-to-day PTTV on corridor level reflects the variability of bus travel time in 
general on multiple days. All the buses within the same time window are considered by 
averaging their travel times. By examining the CV of the average travel times, the pattern of 
the daily public transport variability can be discovered. The journeys within off-peak periods 
are relatively reliable while the average travel time during peak periods are fluctuated, 
especially during congestion built-up and dissipation. However, by averaging the travel time 
of individual buses, we also normalise some sources of variability such as driver behaviours, 
signal delay, etc. Conversely, the definition of day-to-day PTTV on route level measures the 
variability in travel time of a specified service on a specified route. It does not only reveal the 
pattern of TTV, but also provide a method for monitoring performance and optimising the 
time table of transit services.  
In comparison between the three types of travel variability for public transport, the definition 
of day-to-day PTTV on route level is the most intuitive in representing the pattern of 
variability, because the individual inter-day travel time samples are used. Moreover, from 
transit passengers point of view, the variability of travel time of the same service or route on 
multiple days would be more important than the variability among different vehicles (vehicle-
to-vehicle PTTV) or among different periods of a day (period-to-period PTTV). Many transit 
commuters travel daily by a specific route/service at around a specific time of the day. 
Therefore, day-to-day PTTV (especially the route-level one) is more advisable for exploring 
the TTV of public transport than other two types of variability. 

5. Day-to-day public transport travel time distribution analysis 

Probability distribution of travel time shows the shape and nature of travel time variability. A 
uniform distribution denotes no variability, while a long tail skewed distribution shows 
unreliable travel time. It is useful to assume a parametric family to the public transport travel 
time because of 3 reasons.  
First, travel time distribution is also essential in public transport planning. Resource 
allocation such as timetable is not often planned on the basis of average travel time, but on 
minimizing the opportunity that any journey would exceed the scheduled time (Moghaddam 
et al., 2011). Probability density function of public transport vehicle travel facilitates 
calculation of the probability that travel time would be higher than a predefined threshold. 
Given a network design and desired frequency setting, transit operators is interested in 
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periods, where speed could be free flow or congested depending on a day-to-day basis. The 
study was conducted on inbound traffic only, which means the pattern is not repeated for the 
afternoon.  
 
Figure 11 Descriptive statistic of analysis results 

 








