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Resume

This study aims to explore the constraints of the Travel Costs Budget Frontier
(TCBF) before a full-charged fare is implemented for the bus system known as
the “Trans Koetaradja” in the city of Banda Aceh, Indonesia. A stochastic frontier
analysis was used to identify how people allocate their share of income for
transportation in line with their mobility and socio-demographic characteristics.
The findings showed the TCBF to be influenced by commuting trip activities,
private mode usage, owning car and motorcycle and income limits. Barriers
were observed to be restricting the low-medium income groups. Owning their
own private modes within the low-medium income groups does mean household
disbursement and could impose their transport expenditure rather than public
modes usage. There is a need to devise policies considering the low-medium
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incomes to implement impartial full-charge to ensure affordable bus fare.
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1 Introduction

Rapid motorization, promising economic growth and
the aftermath of rapid urbanization have increased the time
and money spent by people on daily travels and this has
further affected their expenditure significantly. In modern
society, other factors with a substantial effect on travel
costs expenditure include changes in technology, incomes,
attitudes, social demographics, and travel behaviors [1].

The use of personal mobility in Indonesia, including
Banda Aceh, causes certain transport-related problems
such as increased travel time, fuel consumption and
environmental deterioration [2-3]. This has, however,
driven government and transport planners to alleviate
high dependence on the private mode by encouraging
changes in the travel mode. Therefore, public transport
such as the bus system is commonly recognized as the valid
transport policy to reduce the use of the private mode of
transportation. Moreover, a public transport system has
recognized as a low-carbon transport strategy and a vital
for sustainable urban development. However, introducing
such a system in emerging cities could be a challenge as
people are usually traveling using private vehicles [4]. To
encourage changes in the travel mode previous studies have
paid much intention to working on travel behavior adoption
and forecast the demand for bus usage by incommoding
travel behavior adaptation. For instance, research by
[6] has concluded that improving attitudes towards the
physical activity can increase bus use and reduce physical

inactivity, partly caused by car dependence. Furthermore,
an examination of the potential effect of attitudes towards
physical activity on the bus utility in the context of a rural
Japan, studied by authors of [6], has shown that the level
and opportunity for physical activity are generally low.
In terms of the public transport demand forecasting,
forecasting the demand for new public transportation
is essential for appropriate policymaking. The effects of
social interactions on individual choices are attracting
considerable attention and these interactions have been
evaluated in the relationship between the individual’s
behavior and the group’s behavior [7].

Particularly in Banda Aceh, several earliest studies have
investigated the effect of motorcycles usage on commuting
patterns [8] and approval of the public for adoption of bus
reform proposed by the Government in 2016 [9]. This works
conluded that it is necessary to consider the motorcycle
commuting patterns due to the significant influence of
motorcyclists on commuting trips [10], thereby, leading
to implementation of a bus reform known as the “Trans
Koetaradja” by the government which is currently being
run as a trial, free of charge, within running corridors with
the full charge for the services expected to start by 2020 [3,
9]. Furthermore, regarding the free of charge during a trial
run, the government has operated the Trans Koetardja
bus in order to mitigate highly private mode dependency.
As the initial stage, since the bus reform introduced and
implemented by the year 2016, the subsidy for the free fare
for all the bus users is applied by the government as the
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Figure 1 Banda Aceh city and Trans Koetaradja Lines

incentive for private mode users in order to shift from their
own car and motorcycle to the bus. By the year 2020, the
government has planned and has under consideration to
maintain the subsidy only for low-income households and
students.

Implementation of the full charge is exceptionally
problematic especially for primarily low-income commuters
requiring adequate access to public transport as necessary
municipal facilities due to the monetary expenditures it
is expected to impose on them. It is also presumed that
certain income groups save the travel costs expenditure
due to income constraints. This means there is a need to
understand the money expended on traveling and other
factors necessary to determine travelers’ behavior before
implementing a full fare for the bus system. This study
was, therefore, conducted to explore travel costs frontier
constraints before the implementation of a full-charged
tariff for the urban bus system in the city of Banda Aceh.

Stochastic production frontier was used in this study
considering the aggregation of household income groups,
including the low-medium and high monthly income groups.
According to [1], Travel Costs Budget Frontier (TCBF) is
defined as a maximum or unobserved capacity amount of
money a specific income group is willing to allocate for
travel routines. Therefore, the observed household travel
costs in a month was treated as an exogenous variable
using the data collected in six districts of Banda Aceh in
late 2018, as indicated in Figure 1. The remaining part of this
article is categorized into several sections to describe the

survey and data profiles, model formulation and estimation
after which the discussion and conclusions are presented
at the end.

2 Area of study

Household transport survey (HTS) was conducted on
householders in six districts of Banda Aceh including Ulee
Kareng, Lueng Bata, Kuta Radja, Meuraxa, Syiah Kuala and
Kuta Alam, as illustrated in Figure 2. This was a paper-
pencil-based direct interview in late 2018 with a total of 400
valid questionnaires collected and used in the preliminary
analysis, with the summary provided in Table 1 consisting
of the time of the survey, target area, distribution method,
number of valid samples and outline. The focus was to
collect information related to travel and social-economic
attributes.

3 Method and data distribution

The questionnaires were designed to capture relevant
information on travel behavior and socio-demographic
attributes from targeted respondents using the paper-pencil-
based direct interviews based on Stated Preference choices
[3, 9, 11-12] to design questionnaires for 400 samples.

The modeling approach of Stochastic Frontier Analysis
(SFA) introduced initially by [13] and widely applied to travel
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Figure 2 Banda Aceh city and its district areas

Table 1 Summary of SP questionnaire

description detail

time of survey

target location

distribution methods

number of questionnaires valid 400 samples

questionnaire outline:
part 1: travel attributes

part 2: social-economic attributes

November 2018

Banda Aceh, Aceh province

a paper-pencil based direct interviews and collected by the enumerator

mode use, the purpose of traveling, origin zone, destination zone, travel distance,
travel time, frequency use of representative mode

monthly income, monthly travel expenditure, gender, age, education level,

occupancy, housing owned status, household member, number of household
work, car ownership, motorcycle ownership

time expenditures was adopted in this study. Moreover,
household attributes have been used by [14] to explore the
travel time expenditure across the United States, India and
Switzerland and found quite different values in the average
travel time frontier across the international contexts.
Another research by [15] investigated unseen stochastic
limit and variations of individual travel time using data set
from the UK National Travel Survey.

Further application of the SFA on the travel time
expenditure frontier done by [16], they investigated and
showed differences in the frontier values and trends in
the ratio of travel time expenditure to frontier values
differ considerably across socio-demographic groups in
the United States. However, the travel costs expenditures
were considered a more crucial issue due to their direct

burden on income constraints compared to travel time
expenditure. Perhaps, the earliest studies on the travel
costs expenditure or transportation expenditure have been
conducted by [1, 17]. They utilized the SFA to estimate
unobserved travel costs frontier or capacity within the
targeted household. They explored how the household
spends the money on transportation, as well as how life
stages and related household attributes contributed to
transportation fee expenditures in the Jakarta Metropolitan
Area. The substantial characteristics of household attributes
among life stage categories are taken into consideration.
They concluded that a larger amount of the travel costs
expenditure is found for a single-person and families only
with adults and the transportation expenditure in Jakarta is
influenced by household attributes and life environments.
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Table 2 Distribution of Socio-demographic attributes

item category number of samples share (%)
gender male 331 83
female 69 17
age 19 years or less 2 1
20 - 29 years 58 15
30 - 39 years 125 31
40 - 49 years 127 32
50 - 59 years 79 19
60 years or more 9 2
education primary school 219 55
college 53 13
university/bachelor 91 23
university/postgraduate 37 9
monthly income 1.9 million IDR (135.62 USD) or less 71 18
2 - 4.9 million IDR (142.76-349.77 USD) 197 49
5 - 6.9 million IDR (356.90-492.53 USD) 90 23
7 million IDR (499.66) or more 42 11
monthly travel costs 0.19 million IDR (13.56 USD) or less 54 14
0.2-0.99 million IDR (14.28-64.24 USD) 128 32
1-1.49 million IDR (71.38-106.36 USD) 164 41
1.5-1.99 million IDR (107.07-135.62 USD) 38 10
2 million IDR (142.76 USD) or more 16 4
occupation working 318 80
university student 30 8
housewife 23 6
part-time worker 29 7
housing own status owned 363 92
renting 31 8

Further exploration of the travel costs budget is
conducted by authors of [11], which have investigated
factors affecting household travel costs budget in Banda
Aceh considering household life stages and applying only
for bus usages. This investigation is the first stage of the
same funding with this work. The differences between this
work and work done by [11] are in the targeted respondents
and group of households. This work focuses on how
people in Banda Aceh spent their monthly transportation
expenditure considering income group segmentations,
while the previous work [11] is more specific investigating
the bus usage, using an onboard survey and has targeted
groups based on household life stages. The modeling
framework used for both exploring travel time and travel
costs frontier is based on the SFA or also known as the
Stochastic Frontier Model (SFM).

The SFA is used to estimate unobserved travel costs
frontier or capacity within the targeted household and
it was found to be always greater than or equal to the
observed travel costs expenditure. Therefore, the modeling

of travel costs budget frontier (TCBF) was based on
inequality and non-negative term or production function.
A log transformation of travel costs budget (TCB) was also
used to ensure positive prediction due to the highly skewed
nature dataset of TCB distribution [1].

Let T: = In(t:),and T; = t; — u:, (D
where i denotes the observation, ¢ is observed
transportation expenditure and u, is a random component
with non-negative values. Moreover, T; represents an
unobserved frontier for 7, and found to be always greater

than or equal to 7, and this means that it is possible to write
the production function of TCBF as:

Ti= B Xi+ v, )
then,
T:=BXi+te=pXi+0vi— u, 3
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Table 3 Summary of Respondent’s Mobility Attributes

item category number of samples share (%)

travel mode choice car 125 31
motorcycle 207 52
public transport (bus) 68 17

driver’s license has driver's license 342 86
has no driver’s 58 14
license

car owned within household has owned car 135 34
has no owned car 265 66

motorcycle owned within household has owned motorcycle 376 9
has no owned motorcycle 24 6

where B’ is a coefficient vector of independent variables,
X, is a vector of explanatory variables, v, is a random
error term such that — oo < v; < oo. The random variable
of v, is typically assumed to be normally identical and
independent distributed IID as N(0, 0 v°) while a half
normal or truncated-normal distribution is commonly used
for the error component of . Moreover, the ratio (R)
value was considered to gain more information on how
households spend their travel costs capacity or frontier. The
amount of R was calculated as:

E(t)

Rf J—

= B(rcBR) ~ Elexp(—u]. @

The ratio value implies that people are expected to
spend R time of (TCBF) of a certain group/household
income as monthly expenditure. The R-value indicates
the extent to which each household is spending in terms
of frontiers and a large value shows they mostly use their
frontiers and vice versa.

The respondent’s socio-demographic attributes were
aggregated, as described in Table 2, before the estimation
model and results showed that the male respondents
were predominant compared to females with 83%. The
respondents were also slightly dominated by people between
30 to 50 years by having a total of 63 %, while more than half
have education level up to primary school as indicate by
55%. The findings also showed 80% were working while
the remaining were university students, housewives and
part-time workers. Moreover, approximately 92 % have their
own house while only 8% lived in a rented apartment and
the monthly income attribute indicated 67 % are categorized
as low-medium with income below 5 million IDR [17]. The
information also showed 73% spent 0.2 to 1.5 million IDR
(1 USD = 14.09 thousand IDR) of their monthly income on
travel.

Table 3 describes the aggregation results for
respondent’s mobility attributes during the distributed
questionnaires. The aggregation of the data depicts that
people in Banda Aceh have significantly private mode
dependency accounting for 31% and 52% for car and
motorcycle usage, respectively, while it shows that only
a few of them (17%) used public transport. It is quite clear

that respondents prefer to use their own mode compared
to public transit. Furthermore, the data reveal that close to
86% of respondents are licensed drivers. This result is quite
consistent with the share of private mode choice as much
as 83% among respondents has preferred to use their own
mode. Moreover, the data reveal that a high percentage
of respondents have owned a motorcycle (94%) within
a household compared to the owned car (34%) within the
household. Surprisingly, only a few of the household has no
owned motorcycle (6%) in this city. Therefore, it seems that
people rely heavily on their own mode, which offers more
convenience in terms of flexibility.

4 Empirical setting and result

The TCBF was calibrated for the two income groups
which are the low-medium and high, while the observed
travel costs in a month (in million rupiahs (IDR)) were
treated as an exogenous variable. The setting and statistical
characteristics, including the mean and standard deviation
of both exogenous and endogenous variables used in this
study, are presented in Table 4. It is important to note
that the information in Table 2 shows 268 represented by
67% of the 400 households analyzed have the low-medium
income at < 5 million IDR per month while the remaining
132 families have the high income at > 5 million IDR per
month. The average income was, however, found to be
approximately 3.228 million IDR per month.

Table 5 depicts the effect of calibrated parameters
on the travel costs frontier across the household income
groups and the sign (-) represents explanatory variables
with insignificant t-statistics. The endogenous variables
varied among the two groups were distance, travel time,
frequency of using the private mode, household income and
household members. The findings, however, showed that
the household income, private mode ownership including
car and motorcycle and individual mode dummy variables
have a positive impact on travel costs frontier for low-
income groups. This is associated with their limited income,
which makes owning and using private modes to have
a significant impact on their daily transport expenditure;
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Table 4 Variables’ setting and statistical characteristics

low-medium income group high-income group

variable setting

mean std. dev mean std. dev
travel costs (million IDR), numerical 0.856 0.356 1.575 0.351
private mode user dummy 1, otherwise 0 0.668 0.472 0.992 0.087
commuter trip dummy 1, otherwise 0 0.806 0.396 0.962 0.191
distance (km) 3.287 2.226 4.821 2.236
travel time (minutes) 9.174 5.359 13.024 5.396
frequency using private mode (number/week) 5.074 1.310 5.636 1.086
household income (million IDR) 2.690 0.552 6.318 0.467
male dummy 1, otherwise 0.757 0.429 0.969 0.172
low education dummy 1, otherwise 0 0.242 0.409 0.121 0.327
household member (number) 1.459 0.549 2.295 0.576
car ownership (number) 0.086 0.281 1.068 0.608
motorcycle ownership (number) 1.407 0.661 2.227 0.613
sample size 268 132
Table 5 The TCF model calibrated parameters across income groups

low-medium

. high-income group
variable income group

coefficient sig. coefficient sig.

private mode user dummy 1, otherwise 0 0.129 0.002 - -
commuter trip dummy 1, otherwise 0 0.212 0.002 0.331 0.000
distance (km) - - 0.0168 0.012
travel time (minutes) 0.0126 0.001 - -
frequency using private mode (number/week) 0.020 0.028 - -
household income (million IDR) 0.129 0.002 - -
male dummy 1, otherwise 0 - - 0.163 0.038
low education dummy 1, otherwise 0 - - -0.135 0.002
household member (number) 0.198 0.000 - -
car ownership (number) 0.292 0.000 0.144 0.000
motorcycle ownership (number) 0.173 0.000 0.0982 0.000
intercept (constant) -1.294 0.000 -0.344 0.005
number of observations (N) 268 132
log-likelihood function (LL) -48.609 -59.029
wald %2 (sig.) 221.09 (0.000) 142.82 (0.000)
variance:
sigma-squared (v) 0.442 0.178
sigma-squared (u) 0.144 0.113
lambda (1) 3.059 1.573
r (exp(-u)) 0.642 0.837

rather than use of a public mode. Meanwhile, the monthly
income of the high-income group was found not to have
any effect on the travel costs expenditure and this is
assumed to be based on two reasons, which include having
a buffer to their income capacity and spending most of their
capacity on expenditures. The commuting trip variable was
discovered to have a significant statistical sign across all the
groups with both recorded to have the tendency to use their
income resources for mandatory activities such as working
and dropping/picking-up kids in and from schools.

The male gender was observed to have a significant

positive influence on the travel costs frontier for a high-
income household with the male respondents found to
spend more on travel than their female counterparts and
the same was also discovered with the commuter trips
variable. This is possibly due to the fact that there are
more males in high-income households as shown in Table
2. Furthermore, Table 5 represents how owning a car
and motorcycle within a household could significantly
be influencing the corresponding household in allocating
transportation expenditure. It is implied that car and
motorcycle ownership has a significantly positive
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correlation on the transportation expenditure frontier
for both the low-income and high-income segmentation.
The impact of owning private vehicles on the transport
expenditure for the low-income groups seems to have
a higher coefficient compared to the high-income one. This
means that car and motorcycle ownership does means
household disbursement in our dataset. That is, the private
modes may possibly impose their monthly expenditure
on transportation rather than bus usage. However, in this
study, the exploration among specific income groups by
considering the number of owning cars or motorcycles
within a household has remained a future direction of this
study.

The variance value of the half-normal random
component (Sigma-squared (u)) was discovered to be
substantially small for both income groups and this
indicates that the observed travel costs across income
groups is closer to the capacity or frontier. Moreover, the
calibrated model parameters in Table 5 were found to be
corresponding with income groups as observed with the
tendency to be constrained by spending more income on
commuting trips, private mode usage, owning private mode
of transportation and based on the household members, as
well as the limited income, which restricts certain group
from spending on transportation. Furthermore, the R-value
for the low-medium and high-income groups was recorded
to be is 0.642 and 0.837, respectively and this means that
the high-income group actual costs expenditure is closer
to their frontier values, while those in a low-medium group
mostly use their frontier due to lack of buffer [1, 17].

5 Conclusion

The stochastic frontier analysis implemented in
this study showed the frontier costs to be substantially
influenced by commuting trip activities, private mode
usage, owning car and motorcycle and constraints from
monthly income. The finding further reported an average
income groups considerably spending more than one-half
of their maximum expenditure on transport routine while.
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Abbreviation
abbreviation meaning/phrase
HTS Household Transport Survey
IDR Indonesian Rupiah
11D Identical and Independent Distributed
LL Log-Likelihood
SFA Stochastic Frontier Analysis
SFM Stochastic Frontier Model
TCB Travel Costs Budget
TCBF Travel Costs Budget Frontier
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