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Abstract

Road network connectivity significantly affects merchanf@se, transport, and people’s lives. Freight
transportation network models are utilized as frameworks of transport policy decisions to estimate the
impacts of infrastructure projects on traffic. The goods supply delivery modes in Aceh, Indonesia, are
dominated by road-based transportation, where up to 95% of daily needs, such as food, are carried using
trucks, buses, and other \gicles. This condition emerged owing to a lack of infrastructure and facilities.
Thus, the main purpose of this study is to analyze the effect of road network connectivity on goods
delivery in the northern zone of Aceh. This research adopted a quantitative technique (survey
questionnaire) and involved as many as 420 respondents. The data were analyzed using structural
equation modeling (SEM) with Analysis of Moment Struct@es. The result of the study shows the value of
regressions weight is 0.375 or 37.5%. It indicates the road network connectivity variable has a sigfflficant
relationship with the transport of goods. Furthermore, the road network connectivity of the area has the
strongest liff] or significantly influences the activities of regional development. Therefore, the
government in the northern zone of Aceh can formulate road network policies oriented towards the
development of the area’s new economy and support the implementation of the Arun Lhokseumawe
Special Economic Zone, which is the business area and trade laws are different from the rest of the
country.

Keywords: Freight Transportation, Highway Network Connectivity, Structural Equation Modeling, Transportation
Modes.
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I. INTRODUCTION

Transport automation has been significantly
affect people’s lives, merch@idise, and transport
and related sectors [1], [2]. Strategic multimodal
freight transportation network models are often
used in the framework of transport policy
decisions to estimate the impacts of new, large
infrastructure projects on traffic or modal splits
andfther purposes [3].

Aceh is economically dependent on the
province of North Sumatra (Medan) because its
only road access goes through the province. The
dependency of Aceh on North Sumatra is
indicated by the patterns of goods supply and
logistics delivery, of which more than 90% are
transported by road [6]. There are two vehicle
weighing stations that record the goods
transported between North Sumatra and Aceh,
namely, Seumadam and Jontor, which are located
in the northeast and west coasts, respectively.

In 2014, the traffic of goods entering East
Aceh was as much as 1,566,112 tons, while
1,686,512 tons were transported to North
Sumatra. By 2015, the traffic of goods entering
East Aceh was 1,134,048 tons, and that exiting
was 1.10935 million tons [7]. The goods that are
transported to Aceh are mostly food, drink, and
grocery items, whereas the items that leave Aceh
are mostly agricultural products. According to
this data, the quantity of goods transported to
Aceh through the northeast corridor in 2015
decreased by 27.59% compared with that in 2014
[8]. This decline was mainly caused by the
availability of shipments through the Malahayati
and Krueng Geukeuh sea ports.

II. RESEARCH OBJECTIVE

Given the issues discussed in the previous
section regardingf) the freight transportation
network of Aceh, this study aims to analyze and
examine the effect of road network connectivity
on goods delivery in the northern zone of Aceh.

III. LITERATURE REVIEW

In general, freight transportation refers to the
aggregated movement of goods from one location
to another. Today, most goods worldwide are
transported on multimodal networks involving
waterways, railways, higlfflays, airways, and
intermodal facilities [4]. Truck transportation
plays a key role in serving freight transportation
needs and supporting the economy, but it also
dntributes to urban congestion and pollution.
However, comprehensive modeling of truck trips
is still limited due to the complexity of freight
movements and the unavailability of detailed
truck trip data [5].

Basically, three road corridors link Banda
Aceh (the capital of Aceh Province) and North
Sumatra. The northeast coastal road network is
considered the main corridor. The west coast
southern and central road corridors are the two
other links. Almost all districts and cities in the
province of Aceh lie along these three corridors.
which extend from Banda Aceh to the border of
N Sumatra.

e central government and the government
of Aceh have exerted effort to improve the road
network linking the northern coast corridor,
which includes the cities of Lhokseumawe, Aceh
Utara, Bireuen, and Banda Aceh. The central
corridor consists of four districts in the highlands,
namely, Central Aceh, Bener Meriah, Gayo Lues,
and Southeast Aceh. Construction of this road
network facilitates transport in the central part of
the corridor of North Aceh and open inland.

Therefore, based on findings of previous
studies, the present work attempts to investigate
the relationship of road network connectivity,
goods transport, and regional development
activities.

IV. RESEARCH METHODS

This research@as performed by analyzing the
existing road network connectivity in the
northern zone of Aceh, including that of
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Lhokseumawe [8]. Several indicators were
considered, atmely, pavement structural
performance, geometric design of highways,
highway maintenance, traffic volume, supporting
facilities, demand, and supply [9].

The impact of road network connectivity on
the acceleration of the delivery of goods was
observed from several indicators, namely
ngulation, redistribution, freight transportation,
truck bin sizes, punctuality, and loading and
unloading systems [10]. The approach model
shown in Figure | is proposed to observe the
relationship between road network connectivity

and the transport of goods.

regional connectivity. The term connectivity is
used to describe the relationship and density of
roads in a network.

C. Freight transportation variable (Y)
National development policies in the
transportation sector operationally are created to
improve the mobility of people, especially in
remote areas. The smooth flow of such
development will accelerate the achievement of
developmental goals. Smooth transportation will
positively impact development aspects, both
nationally and regionally. The development of
the transportation sector will directly facilitate
relationships between regions, improve producer

and consumer relationships, improve the
relationship between developed and
underdeveloped regions, and facilitate new

relationships between the locations of production
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Figure 1. Conceptual framework

A. Research variables and indicators

Road network connectivity (X) and the
transportation of goods (Y) were the main
variables in this study. Road network
connectivity was not measured directly
(exogenous latent variable), while transportation
of goods was considered an endogenous latent
variable [11]. These two variables were divided
into several sub-variables that are each linked to
their own indicators.

B. Road network connectivity variable (X)
Chourmain [12] defines a conceptual variable
is a variable that withdrawal limits resdZich, such
as brief, clear and unequivocal. A road network is
a major infrastructure system that is part of a land
transportation network. It is also deemed a main
factor of economic growth in a region because it
helps increases economic growth and reduces
disparities between flions. The existence of a
well-managed road network will create inter-

processes and thof) of resources as production
factors (input). In a regional development
process, the transportation system is a
particularly important factor. A well-managed
transportation system allows for a smooth
exchange of goods and services, which is
required for a city's development in becoming
the center of growth in the region.

In ad@ltion, transportation development will
expand marketing and services in order to
support growth in various sectors of socio-
economic activity, in every zone. In other words,
the role of the tranffortation system
(infrastructure) is to become an element that can
connect separate points in space with different
mechanisms of activity that are interdependent on
one another [13].

V. RESULT

A. Test of validity

This test was done by correlating each
variable with a score, where the total score is the
sum of all variables. Where there is a significant
correlation between the variables and the total
score, it indicates that the variable in question is
able to provide support to explain the aspect that
one wishes to capture. Below in Table 1 and
Table 2 the validity of the test results of road
network connectivity variable (X) and freight
transportation variable (Y1) are shown.
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Table 1. o Traffic volume 0708  >0.60 Valid
Validity of test results road network connectivity (X,)

Indicator Rauatyss T hold  Decision Supporting facilities 0.713 > E)O Valid
Performance Demand and supply 0714 > (.60 Valid
of pavement 0.562 =0.30 Valid
structure Table 4.

Geometric Reliability test results of goods transport (Y)

design of 0.342 =>0.30 Valid = [i} ..

highways dicator (alpha) Threshold Decision

Highway 0.503 -0.30 Valid Regulation 0714 > 0.60 Valid
ainten:

mawmenance Redistribution 0725 5060 Valid

Traffic 0314 0.30 Valid

volume - >4 al Freight entrepreneur 0.699 >0.60 Valid

Su P'?(?ni"g 0.364 =0.30 Valid Trucker 0.720 > 0.60 Valid

facilities

];)em;md and 0461 -0.30 Valid Size of truck bin 0.711 > 0.60 Valid

SUPPY Punctuality 0722 >060 Valid

Table 2. Loading and unloading > 0.60 Valid

systems

Indicator R Analysis Threshold Decision

Regulation 0.382 >0.30 Valid
_ndislribulion 0.580 >0.30 Valid

SEen 0411 >0.30 Valid

entrepreneur

Trucker 0.615 >0.30 Valid

Sz Kofitmek 0509 >030 Valid

bin

Punctuality 0.671 >0.30 Valid

Loading and

unloading 0.326 >0.30 Valid

systems

B. Test of reliability

Reliability tests are used to determine the
consistency of measurement tools in order to gain
confidence in the results. Reliability implies
consistency of results when tested against
different samples of the population. A common
method used for reliability testing is the
Cronbach Alpha method, available in the SPSS
program. The questionnaire is considered reliable
if the Cronbach Alpha values are greater than
0.60. The reliability of the test results for road
network connectivity variable (X) and goods
transport variable (Y1) are shown in Table 3 and
Table 4.

Table 3.
Reliability test results of network connectivity road (X)

i a i g
Indicator Threshold Decision
(alpha)
Performance of 0710 >060 Valid
pavement structure
Geometric design of 0.709 - 0.60 Valid

highways

Highway maintenance 0.715 >0.60 Valid

The data in Table 3 and Table 4 show that all
indicators measuring or forming the road network
connectivity variable (X) and goods transport
variable (Y1) are reliable or trusted in measuring
each of the represented indicators.

C.[@F A of road network connectivity

variables

The confirmatory factor analysis (CFA) of the
latent variablfjroad network connectivity was
used in order to confirm all of the indicators that
make up the latent construct road network
connectivity. Figure 2 shows the result of data
processing for road network connectivity
confirmatory analysis [10].
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Figure 2. Confirmatory analysis of road network
connectivity

Analysis of the CFA results confirmed that the
CFA models for road network connectivity fit
well. All indicators were valid and reliable to
measure road network connectivity variables.
The performance of the pavement structure
indicator had the highest loading factor followed
by the supporting facilities indicator. The results
of CFA variableffutput analysis of road network
connectivity are shown in Table 5.
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Table 5.
CFA variable output analysis of road network connectivity

Standardized Regression Weights: (Group
number 1-default model)

Estimate

5

gading factors greater than 0.30. The influence
coefficient was calculfBd using regression
weights and utilized as baseline to answer the
research hypothesis. The data processing results

X#1 <=---  Road élwork connectivity 0.768 are shown in Table 7.
X#2 *777  Road network connectivity 0.406 Table 7
R able 7.
.‘_ - - PR
X#3 Road ework connectivity 0.334 Regression weight
X#4 HA---- Road network connectivity 0465
. Relationships Estimate P
X#£5 HA---- Road network connectivity 0.696
X#£6 og===--= Road network connectivity 0.344

D. CFA of freight transportation variables

The indicators that are suggested to form the
latent constructs of freight transportation were
Erified via CFA. The data processing for the
CFA of freight transportation [14] is shown in
Figure 3.

Figure 3. Confirmatory analysis transport of goods

) Analysis of the CFA results confirmed that
the CFA models for freight transportation fit well.
All indicators were confirmed valid and reliable
for measuring the freight transportation variables.
The trucker indicator had the highest loading
factor, and the freight transportation
entrepreneurs had thefecond highest loading
factor. The results of the CFA analysis of the
freight transportation variables are shown in
Table 6.

Ebles.

_Vzﬁ‘ﬁble output analysis CFA freight transportation

Road network Freight

n
connectivity — transportation 0375 0028

Standardized Regression Weighis: (Group

number 1-default model) Esiale
X#1 4----  Freight Transportation 0.809
xz2 €°°° Freight Transportation 0.494
X#3 :- T Freight Transportation 0.851
X#4 : Freight Transportation 0.858
X#5 : Freight Transportation 0418
X#£6 : Freight Transportation 0.385
X#7 D Freight Transportation 0.341

All the indicators suggested for forming the
freight transportation variables were declared
valid and trusted. given that all of them had

The regression weight results indicated the
@Bfluence significance of each variable that
impacts the freight transportation in the north
zone of Aceh. Road network connectivity also
showed a significant effect on the smooff freight
transportation flow in the area. Table 7 indicates
that the obtained value was signiffant; the p
value was (0.014), which fulfills the standard
criterion of p < 0.05. This finding illustrates that
road network connectivity has a strong
relationship with, and is significantly affect@ by,
freight transportation activity and success in the
northern zone of Aceh.

Road network connectivity has significantly
contributed to the success of freight
transportation activities and has amounted to
37.5%. It can be concluded that road network
connectivity  significantly  impacts  freight
transportation based on the regulation,
ndistribution, transportation manager, trucker,
truck bin size, punctuality, and loading and
unloading systems.

VI. DISCUSSIONS

High road network connectivity among
transportation modes and warehousing and
distribution network settings have improved
supply chains. The development of transportation
infrastructure will facilitate the mobility of goods
and open up new areas for trade. Good
transportation infrastructure such as road will
increase the competitiveness of northern Aceh
[15]. The development of road network
connectivity in the northern zone of Aceh is still
not optimal due to the non-structuring and non-
development in the road connectivity with this
area. Because of this, many production areas do
not have access to high-capacity vehicles.
Similarly, there is limited use of the Krueng
Geukueh seaport for loading and unloading
goods. It is because the Krueng Geukueh seaport
cannot cover all trade caused by limited area and
supported  infrastructure.  Hence,  freight
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transportation still greatly depends on trucking
modes.

The economic growth in the north zone of
Aceh continues to increase. This growth is
supposed to be accompanied by adequate
infrastructural development to avoid stagnation.
Inadequate infrastructure may block investments.
Infrastructural development will facilitate better
connectivity among areas in Aceh and accelerate
the flow of goods and people, therefore
increasing economic activity in this area. Due to
its location, Lhokseumawe is considered a center
of activity in several fields—such as industrial,
trade, and services—whereas other districts serve
as centers for agricultural and fishery activities.
Therefore, the functionality of the Krueng
Geukueh seaport must be improved for it to play
its role in freight loading and unloading for
exports and imports.

Developing road network connectivity in the
northern zone of Aceh will have many positive
impacts, including inf¥roved accessibility for
people living in the Bener Meriah and Aceh
Tengah districts. The distance between these
districts and Lhokseumawe will become shorter,
thus reducing cost and time. All districts in the
northern zone of Aceh require interrelation and
cooperation. The Bener Meriah district, for
instance, as a center of horticulture, needs a
market to sell its products. Lhokseumawe, as a

center of trade and services, requires goods to sell.

Good road networks are indispensable [17].

Therefore, an effective and efficient freight
transportation system must be established to
provide freight transportation among cities,
regions, and islands in a smooth, fast, safe, and
inexpensive way. The transportation system in
the northern zone of Aceh is unique because most
Aceh regions are surrounded by sea with primary
land transportation access only through the North
Sumatra province. Thus, freight transportation
that utilizes and integrates all possible modes
should be developed. The existing condition of
the road network in the northern zone of Aceh is
shown in Figure 4.

KA AL UTARA

AR WENE MERIAR

Figure 4. Road network of Aceh in 2017

Currently, the northern zone of Aceh is unable
to improve its logistic competitiveness because
no commitment has been established among its
governments regarding the leading commodities.
The volume of goods exported and imported
through the Krueng Geukueh sea ports remains
very limited, as its infrastructure is not sufficient
to establish it as a “hub port,” which is an
important pragmatic indicator in the logistics
sector.  Strong regulations to  stimulate
multimodal transportation systems have not been
enacted.

Logistic infrastructure in the northern zone of
Aceh is not currently managed in an integrated
way, and intermodal transportation of freight is
poorly established. The lack of synchronization
between port infrastructure, warehousing, and
transportation further contributes to this problem.
This shortcoming is expected to be resolved with
the passage of regulation that establishes the
Arun Lhokseumawe Special Economic Zone [16].
The road network development plan extends to
the year 2045 to support exports and imports in
this zone, as presented in Figure 5.
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Figure 5. Bages of road network plan until 2045

VII. CONCLUSIONS

Based on the data analysis, results, and
discussion presented in previous sections, the
following points are highlighted. The road
network connectivity variable (X) is constructed
from six different indicators: pavement structure
formance (X1), highway geometric design
(X2), highway maintenance (X3), traffic volume
(X4), support facilities (X5), and demand and
EBpply (X6). The analysis results demonstrate
that these indicators are valid and reliable in
measuring the freight transportation.

Further, the freight transportation variable
(Y1) is formed from the following indicators:
regulation (Y11), redistribution (Y12),
transportation entrepreneur (Y 13), trucker (Y14),
truck bin size (Y15), punctuality (Ylﬁnand
loading and unloading systems (Y17). These
indicators are also valid and reliable in measuring
the freight transportation. In addition, road
network connectivity has a significant impact on
freight transportation among regions.

VIII. Recommendations

From the results and discussion, the following
suggestions are highlighted:

1. Further research is required to determine the
infrastructure readiness of Krueng Geukueh to
operate as the main import/export gate in the
northern zone of Aceh and to develop the
Arun Lhokseumawe Special Economic Zone.

2. The government of Aceh and the northern
zone of Aceh should exhibit political will by
supporting policies that optimize road
network connectivity.

3. As some indicators were not included in the
analysis, further research is needed to

consider broader indicators and to obtain more
reliable results.
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