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Empirical Analysis for Measuring Travel Time Reliability on Road
Network

Karami, M."*, Herianto, D.1, Ofrial, S.A.}, and Yulianti, N.!

Abstract: This research analyses the characteristics of travel time reliability for the road network
in Kota Bandar Lampung, Lampung, Sumatera, Indonesia. Travel time consists of access, wait
and interchange time, while its reliability deals with variations of in-passenger/private cars time.
Survey of travel time on each road was carried out for 12 hours (from 06.00 to 18.00) for five
working days. The buffer time method was used to measure the characteristics of time travel
reliability which consisted of five measuring tools, namely planning time, planning time index,
buffer time, buffer time index and travel time index. This research found that the temporal effects
are the main factor that tends to affect travel time, whereas network effects are the second factor
that tends to affect travel time. Furthermore, the regression equation was developed to express
the effect of planning time (Tpian) and free-flow travel time on average travel time ( t).
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Introduction

Travel time reliability is used to determine the
performance of a road network. It measures the
expected duration of a trip within a specific time
interval. It reflects the uncertainties and turbulence
of daily traffic condition. Therefore, the average and
variance of travel time on a particular road are
essential to travelers because of its contribution to
their choice of route.

Reliability signifies the constancy of travel time for
any repeated trip. According to Tu [1], it is the pro-
bability of a road network to implement compulsory
measures under environmental and operational con-
ditions within a specified period. However, the statis-
tical concept of variability is closely associated with
reliability. Travel time variability occurs due to the
different vehicle types with similar flow rates, and the
reaction of drivers under certain conditions such as
weather, and delays experienced at intersections, as
well as numerous other incidents. It causes uncer-
tainties, for instance, it complicates the decisions of
travelers that are not aware of the precise arrival time
for a planned public transport service regarding
departure time, route, and even mode choice. This
risk causes them to be willing to pay extra in order to
achieve greater reliability as well as to avoid conges-
tion during travel times.

1 Civil Engineering Department, Universitas Lampung, J1. Soeman-
tri Brojonegoro No.1, Gedung Meneng, Bandar Lampung 35145,
INDONESIA

*Corresponding author; Email: muhammad karami@eng.unila.ac.id

Note: Discussion is expected before November, 152021, and will be
published in the “Civil Engineering Dimension”, volume 24, number
1, March 2022.

Received 01 February 201; revised 19 March 2021; accepted 04
August 2021.

100

The performances of a transportation network in
problematic areas are evaluated by certain measures,
namely the duration of congestion and functional
systems at the location. However, Higatani et al. [2]
reported that travel time is extremely relevant to
network users and planners. The term travel time
reliability specifies the variations in travel times. This
concept correlates with unpredictability [3]. Accord-
ing to Lyman and Bertini [4], it refers to the constancy
of a given trip’s travel time. Generally, it is defined as
the consistency or dependability in travel times,
which is measured from day to day or across different
times of the day. Higatani et al. [2] stated that it is the
probability of a journey from a specific origin to a
particular destination within a given time interval.
According to the Florida Department of Transpor-
tation, travel time reliability is an anticipated or
additional acceptable time [5]. The United States
Federal Highway Administration (FHWA) [6] stated
that it is the constancy in travel time identified daily.
Chang [3] reported that some factors result in
unstable travel times, namely incidents, work zone,
weather, fluctuations in demand, traffic control
devices, and inadequate base capacity. These are
linked to non-repetitive delays which focus on unex-
pected congestion caused by unpredictable events. In
addition, Bremmer et al. [7] and Mahmassani et al. [8]
reported that routine traffic volume usually caused a
predictable recurrent delay, which targets the ana-
lysis of travel time savings in transport appraisal.

Bhouri et al. [9], Bates et al. [10] and Noland & Polak
[11] reported that the travel time variability is more
significant than the mean travel speed in circum-
stances where a traveler plans a trip irrespective of
the fact that the road is steadily congested, as well as
uncertain conditions that enforce tremendous frus-
tration. Shao et al. [12] stated that the mean travel
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time and reliability need to be considered when deter-
mining a specific route. According to Liu et al. [13] and
Dong and Mahmassani [14], travel time reliability
plays a significant role in the traveler's choice of route.
Moreover, the performance of a road network is im-
proved by providing anticipatory travel time infor-
mation in the route guidance system and trip planner
[15]. Accordingly, there is a need to include travel time
reliability in the evaluation and appraisal of transport
projects and programs [16]. As a component of
transport systems, Li et al. [17] stated that it results
in additional costs and uncertainty, and also tends to
have an impact on a variety of travel choices such as
time, route, and mode. Therefore, drivers often pre-
pare a buffer time by leaving home early enough in
order to ensure that they arrive on time. However, the
travel time is difficult to predict when the level of
traffic congestion changes daily, thereby resulting in
a more serious problem.

Travel time reliability is an important measure of
healthy transportation systems in any region. This is
due to the following significant reasons (a) reducing
delay as a result of traffic-influenced events (e.g.
traffic incidents, bad weather, and work zones), and
(b) reducing total congestion saves time, fuel, and
vehicle emissions [18]. Furthermore, the transpor-
tation system has an enormous influence on the
travelers and industry, and consequently, travel time
reliability also helps in making it more efficient.
According to Ando and Taniguchi [19], an efficient
transportation system are required to boost competi-
tiveness, reduce the level of traffic congestion and
energy consumption in urban areas. Li et al. [17] and
Taylor [20] stated that travel time reliability is
important to travellers because it offers greater pro-
minence in transport policy and performance mana-
gement. Accordingly, it needs to be included in
protecting forecasting and appraisal studies on the
road network. In big cities, transportation planners
have also used this analysis as a reference for orga-
nizing the system. Furthermore, the emphasis is laid
on travel time reliability, specifically by commuters
and industries that rely on precise travel times to
deliver their goods. Chen et al. [21] stated that one
advantage of an effective transportation system and
the quality of road network services is measured by
using travel time reliability.

In Kota Bandar Lampung, Lampung, Sumatera,
Indonesia, the rapid increase of road users resulted in
traffic congestion, which affects not only the mean
travel time, it also decreased the travel time rela-
bility. The continued growth of the economy and
improved quality of life in this city contributed to the
increased value of time, particularly for travelers.
Therefore, increased duration of traffic congestion in
the city intensifies harshness, and its duration has
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two effects, (1) increase in the average travel time and
(2) travel times becomes irregular and unpredictable.
Consequently, it has an ineffective significance on
travel time reliability. However, it is expected that
actions aimed at decreasing congestion also enhances
the reliability of the transport network in the city.

Accordingly, information concerning travel time relia-
bility is extremely important during policy implemen-
tation because it is a measure of the possible obtaina-
ble benefits. Travel time reliability is used to assess
the performance of the transportation system as well
as to attract investors to the city. The main objective
of this research was to analyze the characteristics of
travel time reliability for road networks in Kota
Bandar Lampung. In addition, this resulted in a more
effective transportation system in the city.

Methods
Research Location

The location where this study was carried out consists
of Z.A. Pagar Alam (two-way traffic flow, from Tugu
to Mall Bumi Kedaton (MBK), and from MBK to
Tugu), Teuku Umar (two-way traffic flow, from MBK
to Tanjung Karang and from Tanjung Karang to
MBK), Radin Inten (one-way traffic flow), Ahmad
Yani Road (one-way traffic flow) and R.A. Kartini
Roads (one-way traffic flow) as shown in Figure 1.
These are all major roads (primary arteries) in Kota
Bandar Lampung, they are interconnected and
accommodate large traffic flow. The characteristics of
the road are shown in Table 1.

Travel Time and Speed Survey

This research was carried out based on two condi-
tions, firstly, travel time reliability deals with a
variety of in-passengers or private cars time, exclud-
ing commercial vehicles such as trucks, buses,

Radin Inten Road

* y
Ly
~  Tenkn Umar Road |

4— Z.A.Pagar Alam Road

Figure 1. Road Segments
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Table 1. The Characteristics of Roads

Road Name Road Status Length (m) Type Width (m)
Z.A. Pagar Alam National 3.761 Six lanes two-way divided 18
Teuku Umar National 2.985 Six lanes two-way divided 18
Radin Inten National 1.434 Three lanes one-way 12
Ahmad Yani National 0,609 Three lanes one-way 12
R.A. Kartini National 1,434 Four lanes one-way 14

trailers, and motorcycles. Travel times consist of
access, wait, and interchange time. However, wait
times are related to the unreliability of certain
services, for example in some locations such as U-turn
facilities, roadside activities (school or university
areas, market, hospital ete.) reflects variations of in-
vehicle times. This means that the unpredictability of
in-vehicle journey times is the main target of this
research. Secondly, the conceptuality of the reliability
addresses operational failures, which are used to
represent delays or unpredictable journey time.
Therefore, the term reliability depicts uncertainties
and variability of travel time for private cars. The
travel time as well as the free flow travel time (FFTT),
on each road was surveyed for 12 hours (from 06.00
AM to 06.00 PM) across different times of the day in
any departure time and this lasted for five working
days. Furthermore, speed fluctuations on the roads
were directly obtained, using speedometer application
program.

The Characteristics of Travel Time Reliability

The buffer time method was used to measure the
characteristics of travel time reliability. This method
offers additional time to ensure prompt arrival, and it
simply means measuring travel time based on ant
trip that is experiencing delays. In addition, this
method, consist of five tools used to measure the relia-
bility of travel time, namely planning time, planning
time index, buffer time, buffer time index, and travel
time index. They are further explained as follows [1-4]
a. Planning time (Zpwn) describes the given
probability of the total travel time. Consequently,
95% probability depicts the worst travel time that
commuters tend to experience monthly, for
instance, once out of 20 business days. The
planning time is incomparable to different routes.
Planning time index (PTI), is the ratio of the
planning time (Tpin) to the free-flow travel time
(FFTT) as shown in Equation 1. This index
indicates the severity of traffic congestion at any
given the time of day in comparison with the free
flow traffic condition.

pT1=TPﬂ
FFTT

D
Buffer time is defined as planning time minus
average travel time (t). It depicts the extra time
which ascertains prompt arrival to the destina-

tion. However, this extra time accounts for any
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unexpected delay. Similarly, the buffer time is
almost proportional to the variance of the travel
time. It is also incomparable to different routes.

Buffer time index (BTT) is the ratio of buffer time
to the average travel time. It was calculated by
subtracting the 95th percentile travel time from
the mean travel time. The result was further
divided by the average travel time (Equation 2).

@
Travel time index (TTI) is the average time to
travel during peak hours compared to free-flow
conditions. TTT is equivalent to the mean travel
time divided by the free-flow travel time (FFTT).

TTI = —— ®

FFTT

pry = Tpiand

Results and Discussion
Travel Time Variability

It is a well- known fact that traffic congestion is heavy
in some days of the week than others. Similarly, it is
heavily experienced during certain hours of the day
(e.g. morning or afternoon peaks) unlike late morning
or afternoon off peaks. Travel time variability was
classified into three categories namely (1) variability
of inter-day generated by sessional and day-to-day
variations (such as demand, accidents, road construc-
tion, and weather changes), (2) variability of inter-
period which shows the effect of congestion on
departure time, and (3) variability of inter-vehicle
which is primarily as a result of individual driving
styles and traffic signal. Furthermore, it determines
the randomness in travel times over recurrent trips.
This concept urges the individual to make decisions
based on unpredictable conditions of the travel time.
This is due to the inability to predict the exact travel
time or arrival time before the trip is started. A strong
relationship exists between travel time and conges-
tion, for example, travelers encounter difficulties
predicting the day-to-day travel time caused by road
accident or the cancellation of certain services.
However, travelers are able to anticipate the varia-
tion in travel time as a result of the congestion that
occurs both at the peak and off-peak hours.

The travel time patterns on all roads networks in
Kota Bandar Lampung are shown in Figure 2. The
figure illustrates average values of travel time profiles
as a function of departure time on working days.
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Figure 2. Average Values of Travel Time Data for Roads (a) Z.A. Pagar Alam, (b) Teuku Umar, (c) Radin Inten, (d) Ahmad

Yani and (e) R.A. Kartini

The diagrams clearly show the trend of higher travel
times during peak periods. There was a significant
increase during the AM and PM peak, except the
Radin Inten Road. The remaining four other roads
showed that the travel times during AM (from 07.00
to 08.00) and PM (from 16.00 to 18.00) peak hours
were longer than in midday (from 08.00 to 16.00). This
is illustrated by the characteristics associated with
the utilization of Radin Inten Road, which was mostly
for the transportation of goods and business trips
other than commuting, as shown in Figure Ilc.
Travellers encounter several uncertainties during the
peak hours, thereby causing temporal effects and
variance on the mean traffic flow. This implies that
fluctuation of demand during the day causes road
capacities to be inefficiently utilized.

Furthermore, network effects are the second factor
that tends to affect travel time. They are the effect of
traffic conditions on adjacent and connecting roads.
Its influence on travel time is reported further in
subsection Travel Speed Fluctuation. The maximum
travel time was obtained at peak hours, particularly

in the mornings and evenings, which is relatively 1.4
- 1.9 times its average. This shows that the dynamic
traffic demand is determined by the multi-dimen-
sional origin-destination matrixes, which are the
departure rates from each origin to the destination
nodes. A significant difference in travel times was
measured based on the concentration of commuters
during work hours. In terms of variance, the traffic
flow patterns as a function of departure time differ
substantially.

Table 2. Statistical Analysis of the Travel Time

FFTT Trayel Time
Road Name (minutes) (minutes)
Mear SD CoV (%)

Z.A. Pagar Alam:

- from MBK to Tugu 4,05 749 2,17 29
- from Tugu to MBK 3,90 743 1,74 23
Teuku Umar:

- from MBK to T.Karang 3,45 5,74 146 25
- from T.Karang to MBK 4,10 568 1,32 23
Radin Inten 2,50 3,63 0,60 17
Ahmad Yani 0,68 1,13 0,22 20
R.A. Kartini 2,40 3,07 062 20
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Travel Speed Fluctuation

Congestion was used to evaluate the success of the
transportation network and to identify existing
problems in the research location. This illustrated the
manner a system achieves predetermined goals and
targets, including describing the experience of the
users. In addition, some of these measures illustrate
the duration of congestion experienced by the users,
including delay and travel times, as well as average
speed. Consequently, variations in demand and
supply, which were dependent on location, departure
time and occurrence of special event, tend to affect the
reliability of the road network.

The examples travel speed fluctuation of road
network plotted in the X-Y axis is shown in Figures 3
and 4. The X-axis depicts the travel time while the Y-
axisis the travel speed. In Figure 3, an extremely slow
travel speed (less than 10 km/h) was detected on
several segments of the Z.A. Pagar Alam Road,
including the Tugu-MBK and reverse directions.
Furthermore, in the Tugu-MBK direction as shown in
Figure 3, where a remarkable slow speed was detect-
ed close to the Rajabasa Bus Station (with a traffic
light), UNILA underpass to the Abdul Muis Street
(due to the U-turn facility), and Untung Surapati
Street which intersects each other at Pelita-1 Street
(as a result of four U-turn facilities). In MBK-Tugu,
the speed detected was less than 10 km/h in the
segments from MBK to Untung Surapati Street
intersection and this is as a result of roadside activi-
ties such as street vendors, shops, schools, universi-
ties and two vehicular U-turn facilities.

Furthermore, Figure 4 shows the travel speed pattern
on Teuku Umar Road. However, from MBK to
Tanjung Karang, absolutely slow travel speeds and
congestion in several segments such as the intersec-
tion between MBK and Urip Sumoharjo Street (due
to a U-turn facility and minor road drivers from Urip
Sumoharjo Street seeking to join the traffic), Advent
Hospital (as a result of in or out vehicular activities
and three U-turn facilities) and the intersection
between Sam Ratulangi Street and Abdul Muluk
Regional Hospital (RSUD Abdul Muluk). In the
Tanjung Karang-MBK direction, an average travel
speed of approximately less than 8 km/hour often
occurred during peak hours from the Koga Market to
Urip Sumoharjo Street. Several activities that disrupt
vehicle speed such as roadside parking and three
U-turn facilities were discovered.

Congestion and extremely slow travel speeds often
occur on Radin Inten Road on the segments and
intersection between Pemuda and Katamso Streets.
This was caused by few drivers from Pemuda Street
trying to either join or overtake the traffic. A fairly
constant travel speed was observed on Ahmad Yani's
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Road and along its segment. Furthermore, an
extremely slow travel speed on R.A. Kartini Road
often occurred on the segments of Katamso Street
which intersects at Imam Bonjol Street. This was
caused by (1) few drivers from Katamso Street trying
to either join or overtake the traffic, (2) pedestrians
seeking to cross the road, (3) roadside activities such
as parking and street vendors, and (4) some drivers
from Imam Bonjol Street. An efficient road network is
gained through proper planning of land use. There-
fore, the identification of the impact of land use on
transportation system is necessary.

The Characteristics of Travel Time Reliability

Figure 5 highlights the distribution of average travel
time profiles as a function of departure time on
working days on the Z.A. Pagar Alam Road (from
MBK to Tugu). Information regarding this effect is as
follows, free-flow travel time, mean travel time,
planning time and buffer time was 4.05, 7.49, 13.77
and 6.28 minutes respectively. Reliability measures
also included the planning time index (3.40), buffer
time index (0.84) and travel time index (1.80). Total
travel time of 13.77 minutes was allocated for this trip
by travellers intending to spend 95% of the travel
time. The buffer time requirement was reduced when
the 95th percentile curve was drawn closer to the
mean travel time curve. It simply means that the
travel time reliability of the roads is much better.

Figure 3. Travel Speed on Z.A. Pagar Alam Road, from
Tugu Radin Inten to MBK at 16:32 PM

Figure 4. Travel Speed on Teuku Umar Road, from MBK
to Tanjung Karang
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Figure 5. Z.A. Pagar Alam Road Travel Time Distribution

It is one of the indicators used to assess the mana-
gement of the road network. Moreover, travel time
reliability is an important measure of quality services.
Subsequently, assuming a trip is unreliable, travelers
are bound to encounter unexpected experiences as
well as feel dissatisfied. On the contrary, the reverse
tends to be the case when the conditions are esti-
mated, and the travel time is reliable.

Table 3 shows the primary characteristics of travel
time reliability for all road networks. Three perfor-
mance measures were selected, namely planning
time, buffer time and travel time indices. Planning
time index illustrates the level of complexity involved
in congestion. It also depicts the most severe level of a
traffic jam at any certain time compared to free-flow
traffic condition. The planning time index for Z.A.
Pagar Alam Road is within the range of 3.0 and 3.5 as
the highest level and analyzed as the busiest route in
term of the FFTT. Furthermore, the buffer time index
shows the extra time is needed by the travellers to
ensure that the arrival time is within 95t percentile
travel time. The buffer time index for Z.A. Pagar Alam
and Teuku Umar was significantly higher than the
other three roads, which is almost more than twice
the mean travel time. Consequently, the travel time
index is a performance measure for congestion. The
value of travel time is definitely similar to the travel
time index.

Table 3. The characteristics of Travel Time Reliability

Statistical analysis was carried out to determine the
correlation between reliability (PTI) and congestion
measures (TTI) for the five roads in this study, as
shown in Figure 6. A straight line with a higher
coefficient of determination R2 (0,768) was obtained
from the graph. The relation between PTI and TTI
derived from all sets of data led to the formulation of
Eq. 4.

£ = 0.352(Tpiqn) + 0.7129(FFTT) @)

where t is average travel time (minutes), T.plan is
planning time (minutes), and FFTT is free-flow travel
time (minutes).

Travel time reliability is one of the tools used to
control the amount of congestion experienced by road
users at a particular time. It is a measure of the travel
time variability at different times. According to Table
2, the coefficient of variation on Z.A. Pagar Alam and
Teuku Umar Roads is greater than 20 percent while
the values of the other three roads are lesser. As
stated earlier, the travel time reliability depends on
its variability and estimated travel time. A trip that
shows a slight variation in travel time has adequate
reliability. Therefore, a road network that offers a
high level of service tends to possess excellent
reliability, which is also an additional measure by
which external activities tend to affect travel time.
Similarly, a trip that has a low-reliability value is
greatly affected by various events.

2 —_
=7 y=0,352x +0,7129 o
e R2=10,768 ©
5
=]
1.5
]
£
i o]
=
2
S
e B i i i {
0 1 2 3 4

Planning Time Index (PTI)

Figure 6. Relationship between Planning Time Index and
the Travel Time Index. The graph shows average values as
a function of departure time on workdays.

Road name Tiniiﬁﬁﬁes) Planning Time Buffer Buffer Time Travel Time
Index Time (minutes) Index Index

Z.A. Pagar Alam:

- from MBK to Tugu 13,77 3,40 6,28 0,84 1.8

- from Tugu to MBK 12,02 3,08 4,58 0,62 1.9
Teuku Umar

- from MBK to T.Karang 9,20 2,67 3,46 0,60 1.7

- from T.Karang to MBK 9,71 2,37 4,03 0,71 14
Radin Inten 4,83 1,93 1,30 0,37 14
Ahmad Yani 1,60 2,36 0,47 0,42 1.7
R.A. Kartini 4,39 1,83 1,32 0,43 1.3
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Table 4. Variation of Travel Time (minutes)

Road name AM peak Midday PM peak

Mean SD CoV(%) Mean SD CoV (%) Mean SD CoV (%)
Z.A. Pagar Alam
- from Tugu to MBK 7,0 1,7 24 6,8 0,7 10 9,8 2,2 23
- from MBK to Tugu 7,2 14 19 6,7 0,8 12 10,7 2,9 27
Teuku Umar
- from MBK to T.Karang 6,5 1,6 25 6,1 14 23 6,5 0,9 13
- from T.Karang to MBK 59 0,9 15 5,5 0,7 12 7,1 2,3 32
Radin Inten 3,2 0,2 7 3,8 0,6 16 3,1 0,5 16
Ahmad Yani 1,0 0,2 17 1,1 0,2 17 1,4 0,3 19
R.A. Kartini 2,6 0,2 6 2,8 0,3 12 4,2 0,2 5
160 4 travel time reliability and its assessment were impor-
g :jg ] OMean B Planning time tant to travelers and need to be highly prioritized in
E 10,0 1 transport policy and performance management.
T 8.0 7 Accordingly, it also needs to be encouraged in fore-
£ 6.0 1 casting and appraisal studies.
'T'g 4.0 4
& ﬁg ] . . Travel time reliability is an important indicator used

AM peak Midday PM peak

Figure 7. Departure Time Comparison for Z.A. Pagar Alam
Road (from MBK to Tugu)

Based on Figures 3 and 4, it is evident that the
variability that occurs on Z.A. Pagar Alam and Teuku
Umar Roads was mostly caused by roadside activities
such as markets, hospitals, schools and universities
including vehicular U-turn over facilities.

It was discovered that most directional roads had
different characteristics in the AM and PM peaks,
including midday. Conversely, Figure 7 shows the
respective value of the mean travel time and planning
time. This shows that the travel time variability
increases during the AM peak (06.00-08.00) followed
by a decrease in the midday (08.00-16.00) and an
increase in the PM peak (16.00-18.00), respectively.
This also proves that the planning time for the PM
departure is longer than AM peak and midday, except
for Radin Inten Road. Table 4 shows a comparison of
mean travel time and planning time for each road.
However, almost all the roads included in this
analysis shows that the PM peak travel times were
higher than those obtained in the AM. This was
because the traffic volumes in the PM peak were
generally higher or had experienced a greater degree
than those in the AM.

Conclusion

Travel times were the results of a highly complex and
dynamic interplay of various factors. These were
categorized as influencing both travel time reliability
and unreliability through the traffic demand (e.g.
daily, weekly) activity patterns and supply (e.g.
infrastructure capacity) respectively. Therefore,

to identify the performance and changes in a trans-
portation system. Moreover, it is also a source of
information for travelers. Based on the results of this
research, temporal effects are the main factor that
tends to affect travel time. It was discovered that
there was an increase in travel time during the AM
peak, followed by a decrease and an increase at mid-
day and during the PM peak respectively. Similarly,
some days of the week are more congested than
others. All of these seasonal effects result in a certain
bandwidth of travel demand during a typical peak
hour of a typical off-peak hour. The second factor that
tends to affect travel time is network effects that are
the effect of traffic on adjacent, connecting or parallel
links on the link of interest.

Based on these results, improving and maintaining a
standard of travel time reliability needs to be asserted
as a goal for Kota Bandar Lampung. The government
has to be committed to developing an efficient and
safe transportation system that supports the goals of
regional land use. Further, they need to evaluate the
existing transportation system in order to assess
travel time reliability. This research also shows the
variations of travel time reliability across roadway
segments and the need for its prioritization. Conclu-
sively, the government of Kota Bandar Lampung
needs to prioritize the improvement of travel time
reliability measures including bottleneck, u-turn faci-
lity and roadside friction.
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