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Abstract Regional growth is a complex phenomenon
influenced by the interaction of physical, social, and
economic factors, with transportation infrastructure serving
as a key component in supporting this dynamic. This study
aims to analyze the correlation between road network
connectivity indices and regional growth on Ternate Island,
North Maluku Province, Indonesia. Using spatial data and
a Geographic Information System (GIS) approach, the
study calculates the Alpha, Beta, Gamma, and Eta indices,
as well as road network density, across five districts on
Ternate Island. Regional growth indicators analyzed
include per capita income, population density, and the
availability of basic infrastructure. Pearson correlation
results show that the Beta index and road network density
have a very strong relationship with regional growth
parameters, while the Alpha index shows a moderate
relationship, and the Gamma index has a weak correlation.
The Eta index demonstrates a significant negative
relationship, indicating that the longer the average road
segment, the lower the efficiency of connectivity. These
findings suggest that a dense and functionally connected
road network plays a crucial role in supporting inclusive
and sustainable regional growth. Therefore, regional
development strategies, particularly in island regions,
should consider road connectivity as a primary instrument
in infrastructure planning.

Keywords Regional Growth, Road Connectivity Index,
Ternate Island

1. Introduction

Regional growth is a dynamic process that involves
complex interactions between physical, social, and
economic factors within a region [1]. In this case,
infrastructure as part of the physical condition of a region
plays a crucial role in increasing economic productivity and
efficiency. The crucial role of infrastructure in driving
economic growth in certain regions has received special
attention, especially in rapidly developing regions [2, 3, 4].
Infrastructure improvement has the potential to create a
multiplier effect in accelerating equitable development in
each region [5]. In addition, investment through
infrastructure development also plays a role in driving
national economic growth [6]. Infrastructure development
refers to the provision of basic infrastructure which
includes: the construction of roads, transportation networks,
bridges, ports, and telecommunications systems.

The acceleration of regional development, particularly in
rural and geographically limited areas, is strongly
influenced by the accessibility and adequacy of key
infrastructure, especially road networks. These networks
serve not only as physical connectors between locations but
also as enablers of economic activity, social inclusion, and
access to vital services such as health care, education, and
markets. The presence of a well-developed road network
enhances regional productivity, supports equitable growth,
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and contributes to overall spatial integration. However, the
development of such infrastructure requires strategic
planning, considering the high costs and long-term
implications involved in expanding and maintaining road
systems [7, 8, 9, 10, 11]. In this context, connectivity is
used as a measure of how effectively the road network
supports continuous and efficient travel between different
areas. This is typically assessed using several indices—
Alpha, Beta, Gamma, and Eta—that quantify network
complexity, the relationship between road segments and
nodes, and the average link length. These indices provide a
structured framework for analyzing the performance of
transportation  systems and identifying gaps or
inefficiencies that may hinder regional development [12,
13, 14].

The relationship between connectivity and regional
growth has been widely discussed in the literature [15, 16].
Adequate transportation infrastructure will improve access
to basic services, such as education, health and
employment [17]. These three parameters are the
foundation for improving the quality of life of a sustainable
society. This is reflected in human and logistics mobility
patterns, residential and commercial land occupancy rates,
and the evolution of population distribution [18, 19].
However, studies examining the role of connectivity are
still very limited, especially on islands with limited land
and complex geographical characteristics. The
development of transportation infrastructure on small
islands is sometimes faced with geography and spatial
limitations [20], as well as connectivity between spaces
[21]. On the other hand, the increasing concentration of
motorized vehicles contributes to increased traffic
congestion which exacerbates logistics and trade problems
[22].

Ternate Island, one of the administrative regions in
North Maluku Province, spans an area of approximately
135.52 km=2As part of an archipelagic region, the island’s
external transportation relies heavily on sea routes to
connect with surrounding islands. Internally, however,
connectivity across the island is facilitated by a road
network measuring around 239.99 km in total length. The
development of this transportation system aligns with
broader strategic frameworks, notably Indonesia’s National
Transportation Master Plan (Rencana Induk Transportasi
Nasional/RITN) and the North Maluku Regional Medium-
Term Development Plan (RPJMD), both of which
prioritize  enhancing intermodal connectivity and
infrastructure development to stimulate economic growth
and promote regional integration—particularly in eastern
Indonesia. This strategic alignment with national and
regional transportation plans is especially relevant given
the growing pressure on the island’s transport
infrastructure. According to 2024 data from the Central
Bureau of Statistics [23], Ternate Island supports a
substantial number of motorized vehicles—15,603 units of
public transport operate across 15 routes, alongside
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141,642 motorcycles used for daily mobility. With this
volume of vehicles and a limited road network, the island
has a vehicle-to-road length ratio of approximately 660
vehicles per kilometer. This figure indicates a very high
level of road density as defined by the Indonesian Road
Capacity Guidelines and points to an increased risk of
traffic congestion if not managed through effective
transport planning and infrastructure expansion.

The development of a sustainable transportation system
on the island of Ternate certainly requires study, especially
the role of connectivity as a driver of regional growth.
Therefore, this study aims to analyze the correlation
between connectivity index and regional growth at the sub-
district level in Ternate City. This regional growth is based
on population density, basic service infrastructure, and
Gross Regional Domestic Product (GRDP) value. By
considering the unique geographical and transportation
characteristics, this research is expected to provide new
insights into the role of connectivity in driving regional
growth in small islands. In addition, the results of this study
are expected to be an input for local governments to
formulate policies and interventions in infrastructure
development and more effective regional planning.

2. Research Methods

2.1. Case Study: Description of Ternate Island

The implementation of this research took a case study on
Ternate Island, which is administratively located in North
Maluku Province, Indonesia. Ternate Island is currently the
center of economic activity in North Maluku Province and
a bridge with other regions. Ternate Island has an area of
135.52 km? and is divided into 60 villages located in 5
administrative areas which include: Ternate Island Sub-
district, North Ternate Sub-district, Central Ternate Sub-
district, South Ternate Sub-district and West Ternate Sub-
district. The length of road in Ternate City is 250.72 km
and all are under the authority of Ternate City Government.
Ternate city has a road network as shown in Figure 1.
Ternate was chosen due to its strategic position as the
economic center of North Maluku Province, its unique
archipelagic constraints, and its pressing transportation
challenges. These characteristics make Ternate an
appropriate and representative location for examining the
relationship between road connectivity and regional growth
in small island contexts. Conversely, Ternate Island has
undergone notable population growth, and forecasts
suggest ongoing urban expansion accompanied by rising
transportation needs. Based on data from BPS North
Maluku Province released in 2025, the city’s population
stood at 193,171, with an annual growth rate of 1.18%. If
this trend continues, the population is expected to reach
around 217,042 by the year 2035. This projected
population growth is expected to further increase mobility
demands and intensify pressure on the existing road
infrastructure, particularly in urban sub-districts.
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Figure 1. Ternate Island in North Maluku

2.2. Research Variables

In this study, we used road network data obtained from
the National Road Implementation Center (BPJN) North
Maluku Region in 2024. In addition, the growth of Ternate
city is based on secondary data sourced from the Central
Bureau of Statistics (BPS) of Ternate city and other
literature related to this study. The variables used as
regional growth variables include: (a) basic service
infrastructure which includes: health facilities, education
facilities, commercial areas and houses of worship, (b)
economic growth data of Ternate City based on constant
prices from 2014-2024 which are then derived into per
capita income values for each sub-district, and (c)
demographic characteristics per sub-district.

2.3. Connectivity Index Measurement

The road network shows topological and geometric
variations in the structure of an area. Various indices have
been proposed in previous studies to evaluate road network
characteristics. These measures also have further
applications in transportation planning and practice. In
principle, connectivity indices evaluate the degree of
connectedness between road segments. The connectivity
index of a region represents the relationship between the
number of road segments (v), the number of intersections
(e), the total road length (L), and the area size (A).
Connectivity refers to the continuity and ease of travel
between destinations. Several connectivity indices have
been developed to assess the connectedness pattern of road

transportation networks, including: Alpha Index, Beta
Index, Gamma Index, and Road Network Density Index, as
presented below [13].

* Alpha Index (o), Alpha index is a connectivity
measure that compares the number of cycles in a
graph to the maximum number of possible cycles. The
higher the value of this index, the better connected the
network is. A simple network has a value of 0, while
a fully connected network has a value of 1.

_ e—v+l
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*  Beta Index (), The Beta index is used to assess the
level of connectivity in a graph, which is calculated
based on the ratio between the number of vertices (v)
and the number of nodes (e). A simple network such
as a tree has a Beta value below one, while a network
that has one cycle will have a value of 1.

B=: 2

*  Gamma Index (y), The gamma index measures the
level of connectivity by comparing the number of
vertices present with the number of possible vertices.
Its value ranges from 0 to 1, where a value of 1
signifies a fully connected network, although this
condition is rare.

e

3(v-2)

®3)

*  Eta Index (n), The Eta index measures the average
length per link. The addition of new nodes will lead to
a decrease in Eta as the average length per link

y:
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decreases. Complex networks tend to have low eta
values.

n="2 @)

e

*  Road Density (ND), This index measures the density
of the transportation network by comparing the total
vertex length (in kilometres) to the area (in square
kilometres).

ND =% (5)

A

The study of road network connectivity is spatial in
nature and therefore utilizes Geographic Information
System (GIS) tools. Geographic Information System (GIS)
was utilized as the main tool in extracting road network
parameters and calculating various connectivity indices,
including Alpha Index (o), Beta Index (B), Gamma Index
(y), and Road Network Density (ND). The role of GIS in
this study is to identify nodes and vertices in the road
network, which are fundamental elements in connectivity
analysis. Some studies have applied GIS technology for
transportation network assessment [24], [25].

2.4. Pearson's Correlation Measurement

Correlation finds a statistical relationship between two
variables. The relationship can be either linear or nonlinear.
In this study, the Pearson correlation coefficient was used
to check for a linear correlation between two variables. The
coefficient is measured on a unitless scale and can take
values from -1 to 0 to +1. Values close to zero indicate no
linear correlation and values close to +1 or -1 indicate
perfect linear correlation [26]. Mathematically, Pearson
correlation is shown in equation 6 which presents the
Pearson correlation coefficient for two vectors x and vy,
each consisting of n elements; “x and "y are the averages
of x and y, respectively.

Yisi —0) i — )
VI G — 02X, (v — )2

Pearson correlation analysis in transportation research is
performed to measure the linear relationship between
variables. For example, Pearson correlation can be used to
analyze the relationship between transportation grab and
income and blood pressure [27], the correlation between
transportation infrastructure and economic growth and
population [28], and the relationship between
comprehensive travel time and posted speed limit [29].

Pearson Correlation =
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This approach can help in understanding complex traffic
patterns and modeling travel demand, supporting more
effective transportation decision-making and planning.

3. Results and Discussions

3.1. Road Infrastructure in Ternate Island

Mapping of road network patterns on Ternate Island with
GIS based on data in 2024 from Balai Pelaksanaan Jalan
Nasional (BPJN) North Maluku is shown in Figure 2. From
the results of spatial analysis with GIS applications, it states
that the length of road infrastructure on Ternate Island is +
236,634 km. Based on the data, spatial analysis with the
help of GIS application was conducted to determine the
parameters needed in calculating the connectivity index
value. The results of the spatial analysis are shown in Table
1.

Traffic inefficiencies in Ternate Island are particularly
evident during peak hours, where congestion frequently
occurs around central activity nodes such as schools,
markets, and government offices. This issue is
compounded by the dominant use of private vehicles,
driven in part by the limited availability and declining
popularity of conventional public transportation. Public
transport options such as angkot have been gradually
displaced by online-based ride-hailing services, which,
while convenient, contribute to increased vehicle volume
and reduced road efficiency. Furthermore, congestion is
often intensified by temporary road obstructions due to
community events—such as weddings or neighborhood
gatherings—that make use of public roads as event spaces
(Figure 3). In addition, on-street parking practices, both
formal and informal, further reduce effective road capacity
and create friction along major corridors, especially in
densely built-up areas (Figure 4). These practices, although
culturally rooted, significantly disrupt traffic flow and
reflect a lack of integrated land use and transport planning.
Similar issues have been documented in other small island
and urban contexts, where limited road redundancy,
constrained physical space, and informal street use
contribute to systemic transportation inefficiencies [30, 31].
Together, these conditions illustrate systemic inefficiencies
in Ternate’s urban mobility network and underscore the
need for coordinated strategies that improve public
transport, regulate road use, and mitigate congestion
through better spatial and transport governance.
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Figure 2. Road Network Pattern in Ternate Island
Table 1. Road connectivity index parameters for each sub-district in Ternate Island
No Sub district Length (m) Sub district Area (km?) Number of road section (e) Road Node (v)
1 Ternate Island 33,10 50,95 54 44
2 North Ternate 62,46 17,65 359 261
3 South Ternate 86,63 21,90 655 486
4 Central Ternate 50,62 11,16 331 219
5 West Ternate 17,92 33,86 21 17
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Figure 3. Community Event Blocking Public Road Space in Ternate,
source: [32]

Figure 4. On-Street Parking in a Residential Commercial Area in
Ternate, source: [33]

3.2. Transportation Connectivity Index in Ternate
Island

Road network connectivity in Ternate city shows
significant  variations  between  sub-districts.  The
connectivity indices, calculated using the Alpha, Beta,
Gamma, and Eta formulas along with road density, provide
a comprehensive overview of the structure and function of
the road network in Ternate City. The detailed values are
presented in Table 2. To complement the numerical data,
Figure 5 illustrates the spatial distribution of the
connectivity indices across the five sub-districts of Ternate
City, making it easier to understand the variation in
infrastructure conditions between areas and to identify
regions with limited road access or potential for future
development.

Table 2. Transportation Connectivity Index in Ternate Island

Area Connectivity Index
No| Subdistrict | Ajpha | Beta | Gamma| Eta | Road
Index | Index | Index | Index | Density
1 | Ternate Island | 0.08 1.10 0.40 0.46 0.84
2 | North Ternate 0.17 1.33 0.45 0.17 3.50
3 | South Ternate 0.15 1.30 0.44 0.14 4.20
4 | Central Ternate | 0.18 1.35 0.45 0.16 421
5 | West Ternate 015 | 1.24 0.47 0.85 0.53
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These findings provide a clearer picture of how the road
network functions in supporting mobility and economic
activity within each sub-district of Ternate City. Central
Ternate and South Ternate emerge as the areas with the
most developed connectivity, characterized by higher road
density and more integrated road networks, which facilitate
smoother transportation and access to economic centers.
On the other hand, Ternate Island and West Ternate exhibit
significantly lower connectivity levels, indicating limited
accessibility and potential transportation challenges. These
variations underline the disparities in infrastructure
development among the sub-districts, which are likely
shaped by a combination of geographical constraints,
population distribution, and differing economic priorities
or levels of investment in each area.

Central Ternate and South Ternate sub-districts have the
highest connectivity index, characterized by higher Alpha
(0.15-0.18), Beta (1.30-1.35), and Gamma (0.44-0.45)
values than other sub-districts. The road density is also the
highest (4.20-4.21 km/km=, which means there are more
roads and more connectivity than other areas. This high
connectivity allows for more efficient movement, making
these two sub-districts the main centers of economic
activity, government, and trade. However, the high density
of roads comes the potential for traffic congestion,
especially in areas with heavy commercial activity.
Therefore, good transportation planning is needed to
optimize connectivity without causing excessive traffic
congestion.

On the other hand, North Ternate sub-district has fairly
good connectivity, but is still developing. With an Alpha
index of 0.17, Beta of 1.33, and Gamma of 0.45, this region
shows a fairly complex road network but is not yet as dense
as Central and South Ternate. The road density is lower
(3.50 km/km%, indicating that although accessibility is
quite good, there is room for road infrastructure
development. With a sizable population and high GRDP,
the development of additional roads or capacity
enhancement of existing roads could help drive further
economic growth. This area could become a thriving
suburban area, supporting the main activity centers in
South and Central Ternate sub-districts.

Meanwhile, West Ternate and Ternate Island subdistrict
have limited road connectivity, which is evident from the
lower Alpha index (0.08-0.15) and very low road density,
especially in West Ternate (0.53 km/km3 Although West
Ternate has a high Gamma index (0.47), indicating a
relatively efficient road network, its low road density
indicates a limited number of available road sections. This
could be due to geographical factors or the low
transportation demand in this region. Ternate Island even
has the lowest Alpha and Beta values (0.08 and 1.10),
indicating that the roads in this region are very limited and
poorly connected, resulting in low accessibility and most
likely not many alternative routes.
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Figure 5. Spatial distribution of the connectivity indices in Ternate City

3.3. Relationship between Road Connectivity Index
and Regional Growth

Connectivity in regional development plays an important
role in driving the rate of regional economic growth.
Regional development indicators can be seen from the level
of regional development which includes economic
development, quality of life, governance and the
environment [34, 35]. This study uses regional growth
parameters, namely per capita income [36], public
infrastructure [37, 38], and population density [39]. The
relationship between each connectivity index and per
capita income, population density and basic infrastructure
was conducted using Pearson correlation, as shown in
Table 3. The results prove that the Alpha and Beta Indices
play a significant role in driving regional growth. The
Alpha Index, which reflects the level of network
complexity (number of closed circuits or loops), has a
medium correlation with all indicators (0.47-0.50). This
indicates that a more complex road network allows for
more route options and improves the internal accessibility

of the region. The Beta Index, on the other hand, shows a
strong correlation (0.78-0.81), indicating that the number
of connections between nodes (nodes can be associated
with intersection points or road ends) is closely related to
larger populations, higher GRDP values, and more
developed infrastructure. Good connectivity in the
transportation network will improve logistical efficiency,
social connections, and economic opportunities in island
regions [40].

Table 3. Pearson correlation analysis results

. Per capita Public
Population
Income Infrastructure
Alfa Index 0.475 0.475 0.504
Beta Index 0.784 0.784 0.814
Gamma Index 0.227 0.227 0.253
Eta Index (0.857) (0.857) (0.870)
Road Density 0.968 0.968 0.989
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The Gamma Index, which measures the ratio between
the number of existing segments and the maximum number
of segments in a planar network, shows a weak correlation
with all growth variables (0.22-0.25). Although the
network looks mathematically well-connected, it does not
necessarily reflect the quality or function of the roads in
practice. In network studies, this suggests that even if the
theoretical network structure is close to the maximum
(dense), this does not necessarily result in improved
mobility or economic services. It is likely that the network
lacks support for actual community needs such as access to
economic centers, public facilities or major distribution
routes. This reinforces the argument that functional
connectivity is more important than just structural
connectivity.

In contrast, the Eta Index shows a very strong negative
correlation, with values of -0.857 to -0.870. This index
measures the average length of the road between two nodes,
so the greater the value, the longer the distance traveled.
The high negative correlation indicates that as the links
between nodes get longer, the efficiency of the network
decreases and this has a direct impact on reducing regional
growth. This is in line with findings in transportation
planning that networks with an even distribution of short
segments tend to be more responsive to local mobility
needs. Overly long routes can hinder public services, slow
economic access, and limit connectivity between regions.

Finally, the Road density Index is the strongest and most
consistent indicator, with a near perfect correlation to all
variables (0.968-0.989). This means that the denser the
road network in a region, the more its economic growth
potential increases significantly. Road density is closely
related to the availability of basic infrastructure, especially
in the context of urbanization and the urban economy.
Areas with high road density allow for higher mobility,
better market access, and more efficient distribution of
public services. Spatial accessibility supports sustainable
development activities and local economic growth [41].
Therefore, regional development strategies should focus on
improving road connections within the area, not just on the
aspect of network expansion. The narrow land availability
on Ternate island inhibits space for the development of
inter-regional road connections. Limited access to
economic and trade areas in the city center leads to uneven
road density between regions on Ternate Island. The
uneven road density has an impact on the island's unequal
economic distribution activities. Island areas classified as
hinterland will experience a slowdown in the pace of
economic development and regional income.

The inequality of road density shown in Table 2 has an
impact on the pattern of economic distribution, which is
concentrated in the Central and South Ternate sub-districts.
While other areas with low road density index reflect the
low economic capacity in the region. Economic inequality
between regions in a small island like Ternate City based
on the road density index illustrates the uneven pattern of
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economic distribution. As an economic center in the
archipelago of North Maluku Province, Ternate Island
faces constraints in developing road connectivity networks
along with the rate of population increase and inter-island
urbanization. With limited space and the geographical
condition of a small island, rapid economic development
cannot accommodate the movement of population mobility
between regions and islands. Efforts to improve the
accessibility and connectivity of inter-regional roads in
Ternate Island can reduce the level of economic
distribution inequality between regions so that economic
activities can grow more evenly throughout the island.

4. Conclusions

This study shows that road network connectivity has a
significant influence on regional growth in Ternate Island.
The Beta index and road density proved to have the
strongest correlation with per capita income, population
density, and basic infrastructure, indicating that the more
connections between nodes and the denser the road
network, the greater the potential for regional growth. The
Alpha index also showed a moderate contribution,
signaling the importance of network complexity in
providing alternative routes and improving accessibility.
Meanwhile, the Gamma index has a low correlation with
growth indicators, indicating that theoretically dense road
network structures do not necessarily reflect functional
connectivity. On the other hand, the Eta index shows a
strong negative correlation, proving that excessively long
road segments between nodes can reduce network
efficiency and slow down regional development. Therefore,
transportation infrastructure planning, especially in
archipelagic areas such as Ternate, should place more
emphasis on improving the density and functional
connectivity of the road network to create more equitable,
efficient and sustainable regional growth.

While this study provides valuable insights into the
relationship between road connectivity and regional growth
on Ternate Island, it is important to acknowledge several
limitations that may affect the breadth and applicability of
the findings. The study is limited by its reliance on
secondary data, which may not fully reflect recent
infrastructural changes; the exclusion of maritime and
inter-island transportation connectivity from the analysis;
and its focus on a single island, which may restrict the
generalizability of the findings to other island or mainland
contexts. To address these limitations, future research
should consider conducting comparative studies across
multiple islands in Indonesia to better understand inter-
regional disparities, integrating both sea and land
transportation networks into connectivity models, and
applying dynamic panel data approaches to capture
temporal changes in connectivity and regional
development more accurately. Consequently, the study's
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implications extend beyond academic inquiry into
actionable recommendations for policymakers.

In light of these limitations and opportunities, the
findings highlight the need for more equitable
infrastructure investment, particularly in sub-districts with
limited connectivity. Key policy priorities include
strengthening network redundancy, revitalizing public
transport, and integrating land use planning. Environmental
risks—especially in sensitive areas—must also be
addressed in future infrastructure projects. This study’s use
of spatial analysis and connectivity indices offers a
practical framework for small island contexts, guiding
policymakers toward mobility solutions that are both
effective and sustainable.

REFERENCES

[1] H. W.-c. Yeung, "Regional development in the global
economy: A Dynamic Perspective of Strategic Coupling in
Global Production Networks," Regional Science Policy &
Practice, vol. 7, no. 1, pp. 1-25 2015. DOI:
10.1111/rsp3.12055.

[2] H. Hutajulu, "The Effect of Infrastructure Investment on
Economic Growth in Rural Areas: Case Study in Papua
Province," Journal of Management, vol. 3, no. 2, pp.
310-326, 2024. https://myjournal.or.id/index.php/JOM/arti
cle/view/190

[3] ADB, Infrastructure for Supporting Inclusive Growth and
Poverty Reduction in Asia, Mandaluyong City, Philippines:
Asian Development Bank, 2012.

[4] E. B. Barrios, "Infrastructure and rural development:
Household perceptions on rural development,” Progress in
Planning, wvol. 7, no. 1, pp. 1-44, 2008. DOI:
10.1016/j.progress.2008.04.001.

[5] E. L. Glaeser and J. M. Poterba, Economic analysis and
infrastructure investment, Chicago, Illinois, AS: University
of Chicago Press, 2021.

[6] A. Picot, M. Florio, N. Grove and J. Kranz, "Public
Infrastructure Provisioning: Foundations and Challenges,"
in The Economics of Infrastructure Provisioning,
Massachusetts, USA, 2015, pp. 3-22. DOI:
10.7551/mitpress/10388.003.0003.

[71 K.Y.Na, C. H. Han and C. H. Yoon, "Network effect of
transportation infrastructure: A dynamic panel evidence,"
The Annals of Regional Science, vol. 50, pp. 265-274, 2013.
DOI: 10.1007/s00168-011-0476-y.

[8] B. Zuti, "A Policy Perspective on the Future of Mobility and
Regional Competitiveness,” in Proceedings of the 3rd
Central European PhD Workshop on Economic Policy and
Crisis Management., University of Szeged, Doctoral
School of Economics, 2019. https://ssrn.com/abstract=346
0378

[9] R. Barrientos, F. Ascenséo, M. D’Amico, C. Grilo and H.
Pereira, "The lost road: Do transportation networks imperil
wildlife population persistence?,” Perspectives in Ecology

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Analysis of Regional Growth Through Road Networks Index: Evidence from Ternate City

and Conservation, vol. 19, no. 4, pp. 411-416, 2021. DOI:
10.1016/j.pecon.2021.07.004.

D. Banister and Y. Berechman, "Transport investment and
the promotion of economic growth," Journal of Transport
Geography, vol. 9, no. 3, pp. 209-218, 2001. DOI:
10.1016/S0966-6923(01)00013-8.

C. Calder& and L. Servén, "Infrastructure and economic
development in Sub-Saharan Africa," Journal of African
Economies, vol. 4712, pp. 113-187, 2010. DOI:
10.1596/1813-9450-4712.

Y. Li, Z. Chen, Y. Yin and S. Peeta, "‘Deployment of
roadside units to overcome connectivity gap in
transportation networks with mixed traffic," Transportation
Research Part C: Emerging Technologies, vol. 111, pp.
496-512, 2020. DOI: 10.1016/j.trc.2020.01.001.

J. Rodrigue, C. Comtois and B. Slack, The Geography of
Transport Systems, Third edition, New York: Routledge,
ISBN: 978-0-203-37118-3, 2013.

D. Levinson, "Network Structure and City Size," PLoS ONE
Journal, vol. 7, no. 1, pp. 1-11, 2012. DOI:
10.1371/journal.pone.0029721.

H. Meersman and M. Nazemzadeh, "The contribution of
transport infrastructure to economic activity: The case of
Belgium," Case Studies on Transport Policy, vol. 5, no. 2,
pp. 316-324, 2017. DOI: 10.1016/j.cstp.2017.03.009.

S. Saidi, M. Shahbaz and P. Akhtar, "The long-run
relationships between transport energy consumption,
transport infrastructure, and economic growth in MENA
countries," Transportation Research Part A: Policy and
Practice, vol. 111, no. 1, pp. 78-95, 2018. DOI:
10.1016/j.tra.2018.03.013.

A. Estache and M. Fay, Current debates on infrastructure
policy, Washington, DC: World Bank Publications, 2009.

B. Li, S. Gao, Y. Liang, Y. Kang, T. Presthy, Y. Gao and R.
Xiao, "Estimation of Regional Economic Development
Indicator from Transportation Network Analytics,"
Scientific Report, vol. 10, no. 2647, pp. 1-15, 2020. DOI:
10.1038/s41598-020-59505-2.

S. Chen, C. Claramunt and C. Ray, "A spatio-temporal
modelling approach for the study of the connectivity and
accessibility of the Guangzhou metropolitan network,"
Journal of Transport Geography, vol. 36, pp. 12-23, 2014.
DOI: 10.1016/j.jtrange0.2014.02.006.

UNCTAD, "Small island developing States: Challenges in
transport and," Trade and Development Board, Geneve,
2014.

A. Leung and S. Baumeister, "Island Transport Challenges:
Four Island Jurisdictions; Seven Island Perspectives,"
Island Studies Journal, vol. 19, no. 2, pp. 1-5, 2024. DOI:
10.24043/001¢.125895.

S. Sunarti, "Transportation Limitation Access to the Small
Islands (Case Study: Banggai Laut Regency),” 10P
Conference Series: Earth and Environmental Science, vol.
123, no. 1, 2018. DOI: 10.1088/1755-1315/123/1/012018.

CBS, North Maluku in Number, Ternate: Central Bureau of
Statistics, 2024.

P. K. Rai, P. K. Singh, A. K. Singh and K. Mohan, "Network



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Civil Engineering and Architecture 13(5): 3726-3735, 2025

Analysis Using GIS," International Journal of Emerging
Technologies in Computational and Applied Sciences
(IJETCAS), vol. 13, no. 353, pp. 289-292, 2013.

T. Benferhat and A. Bouder, "Network Analysis For The
Study Of Transport In The Metropolitan Area Of Algeirs,”
GeoJournal of Tourism and Geosites, vol. 52, no. 1, pp.
107-115, 2024. DOI 10.30892/gtg.52110-1187.

V. Profillidis and G. Botzoris, Modeling of Transport
Demand: Analyzing, Calculating, and Forecasting
Transport Demand, Amsterdam, Netherlands: Elsevier,
2019. DOI: 10.1016/C2016-0-00793-3.

F. Z. Okwonu, B. L. Asaju and F. I. Arunaye, "Breakdown
Analysis of Pearson Correlation Coefficient and Robust
Correlation Methods,” in International Conference on
Technology, Engineering and Sciences (ICTES) 2020. DOI:
10.1088/1757-899X/917/1/012065, 2020.

F. Faghihinejad, M. M. Fard, A. Roshanghalb and P. Beigi,
"A Framework to Assess the Correlation between
TransportationInfrastructure  Access and Economics:
Evidence from Iran," Mathematical Problems in
Engineering, vol. 2022, pp. 1-15, 2022. DOI:
10.1155/2022/8781686.

S. Pulugurtha and K. Koiladab, "Exploring Correlations
between Travel Time Based Measures by Year, Day-of-the-
week, Time-of-the-day, Week-of-the-Year and the Posted
Speed Limit," Urban, Planning and Transport Research,
vo. 9, no. 1, pp. 1-17, 2020. DOI:
10.1080/21650020.2020.1845230.

World-Bank, Climate and Disaster Resilient Transport in
Small Island Developing States: A Call for Action,
washington DC, USA: International Bank for
Reconstruction and Development / The World Bank, 2017.

J. Cao and M. Menendez, "Generalized Effects of On-Street
Parking Maneuvers on the Performance of Nearby
Signalized Intersections,"” Transportation Research Record,
vol. 2483, no. 1, pp. 30-38, 2015. DOI: 10.3141/2483-0.

R. Basri, "Tribunnews.Com," 6 9 2023. [Online]. Available:
https://ternate.tribunnews.com/2023/09/06/acara-resepsi-
pernikahan-tutup-jalan-umum-di-ternate-dishub-siang-ini-
saya-perintahkan-bongkar#google_vignette. [Accessed 7 7

[33]

[34]

[35]

[36]

[37]

(38]

(39]

[40]

(41]

3735

2025).

J. Ismail, "Halmaheranesia.com,” 28 2 2025. [Online].
Available: https://www.halmaheranesia.com/2025/02/28/p
arkir-sembarangan-macet-parah-terjadi-di-jalan-stadion-
kampis-ternate/. [Accessed 7 7 2025].

M. Feldman, T. Hadjimichael and L. Lanahan, "The logic
of economic development: a definition and model for
investment," Environment and Planning C: Government
and Policy, wvol. 34, no. 1, 2014. DOI:
10.1177/0263774X15614653.

A. Ahmad and S. Anwar, "A Composite Index for
Sustainable Developmnet: Measurement and Development
Status of Selected Countries," Journal of Economic Impact,
vol. 5, no. 1, pp. 1-14, 2023. DOI: 10.52223/jei5012301.

K. Amri, "Infrastruktur Transportasi Dan Kepadatan
Penduduk Dampaknya Terhadap Pendapatan Per Kapita.,"
Jurnal Ekonomi Manajemen Dan Bisnis, vol. 2, no. 2, pp.
438-450, 2014.

Nairobi and R. Respitasari, "Public Infrastructure and
Economic Growth in the Local Region,” Jurnal Ekonomi
Pembangunan, vol. 19, no. 1, pp. 51-60, 2021. DOI:
10.29259/jep.v19i1.13826.

A. Kim and J. Swanson, "Does Public Infrastructure Affect
Regional Performance?," Growth and Change, vol. 26, no.
2, pp. 204-216, 2006. DOI: 10.1111/j.1468-
2257.1995.tb00168.x.

1. B. I. Malik, W. Suparta and B. J. Dewancker, "A STUDY
OF POPULATION DENSITY IN DEVELOPING
COUNTRIES," Geographia Technica, vol. 14, no. Special
Issue, pp. 201-212, 2019. DOI: 10.21163/GT_2019.141.34.

C. Amin, E. Anggraini, T. Kusumastanto and H. Mulyati,
"Impact of maritime logistics on archipelagic economic
development in eastern Indonesia," The Asian Journal of
Shipping and Logistics, vol. 37, no. 18, 2021. DOI:
10.1016/j.ajs1.2021.01.004.

L. Alam&sSabater, L. Maquez-Ramos and C. Suaez-
Burguet, "Trade and transport connectivity: a spatial
approach,” Applied Economics, vol. 45, no. 18, pp. 2563-
2566, 2013. DOI: 10.1080/00036846.2012.669466.





