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ABSTRACT

Indonesia’s strategic geographical location and conditions are a result of its archipelagic status. Indeed,
this significantly impacts the livelihoods of Indonesians, particularly in the area of transportation. In
order to facilitate the mobility of individuals between islands, the government constructed transportation
infrastructure and facilities. This will serve as a reference for government regulations that aim to reduce
inequality, specifically in the development and distribution of products and services outside Java,
particularly in Papua. The primary objective of this research is to conduct a connectivity analysis as
an initial step towards optimizing the transportation network and determining the level of connectivity
between Indonesian provinces through air transportation. Next, the researchers will study the existing air
transportation network's structure to understand its characteristics clearly. It will be helpful material for
formulating optimization and network management scenarios. The structuring pattern in question is the
application of the hub-and-spoke network concept. The hub-and-spoke network pattern focuses on
optimization problems from the perspective of economies of scale. The researchers optimized the
provincial capital airport's location to establish a hub airport and subsequently refined the analysis
results to enhance the efficiency of the new flight service network. The above steps will compare air travel
performance before and after the network arrangement scenario. Indicators for the network connectivity
level will also be present, indicating that the final product optimization is now ready for verification. The
target of this research is to produce a concept or optimize the location of airport hubs through a
comprehensive study taking into account geographic factors and conducting an analysis of the location of
National Aviation Hub airports, which is the novelty of this research.

Keywords: Optimization, Hub Airports, National Flights, Geographical Factors.

1. Introduction

The air transportation sector plays a key role in driving the Indonesian economy. Air
transportation can encourage tourism growth, facilitate trade flows, and attract investment,
which in turn can create jobs and even boost the welfare of people in various regions. Air
connectivity plays a crucial role It is enhancing connectivity between various regions in
Indonesia (Nasution et al., 2018). This transportation can guarantee the availability of services
between regions, especially in areas that state as disadvantaged, outermost, frontier, and border
area or known as 3TP area. At the same time, air transportation also plays an important role in
emergency situations, such as when a natural disaster or conflict occurs in an area (Fernando et
al., 2024; Yang et al., 2022).

With a strong aviation network, we are able to bridge geographical distances, especially
for remote areas and islands that are difficult to reach by land or sea transportation (Cai et al.,
2023). The government is striving to harmonize the vision, strategy, and upcoming actions in
the Indonesian air transportation industry, given that air transportation, specifically, serves as
the foundation of the country's economy, facilitating faster, safer, and more efficient
connections between different regions in Indonesia and the globe (Forsyth, 2021). The
regulator, along with the transportation policy formulation team and researchers, will guide the
steps, recognizing the potential for connectivity analysis beyond performance-based and flexible
navigation (Kasim, 2017).
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By optimizing the location of national aviation hub airports based on geographical
factors, we can complete a connectivity analysis that will have a comprehensive impact on the
islands of Indonesia (Sugiyanto et al., 2022, 2023). Indonesia's air transportation services face
challenges due to its vast country territory and geographical distance between all provincial
capitals. As a result, the issue of air transport network connectivity being the backbone of
community activities has become prominent (Visser & Hartjes, 2013). The number of
destinations, the frequency of service, and/or the number of onward connections served by
destination airports all contribute to an increase in connectivity. The national aviation network
connectivity indicator is determined by the quantity of seats that are available for each
destination. Subsequently, the weight of available seats is determined by the scale of the
destination airport and its annual passenger count (Graham, 2023).

The existence of flight routes, which form the air transportation network, determines the
level of connectivity (Cristea, 2023). Flight routes serve to enhance transportation connectivity,
thereby enabling them to offer convenience to a diverse range of societal segments. This is the
foundation of the Ministry of Transportation's strategy for the development of infrastructure and
routes, particularly aviation transportation between Indonesian regions, which can bolster
national economic and tourism activities (Abad & Momayezi, 2024).
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Fig. 1. Graph of The Number of Domestic Flight Routes

The Minister of Transportation's Regulation Number PM 88 of 2013 pertains to flight
networks and routes stipulates that the primary factor determining flight networks is the
fluctuating demand for air transportation services. This fluctuating demand allows for the on/off
switching of connectivity between Indonesian airports. There are two actual issues regarding
Indonesian aviation as mentioned by the President of the Republic of Indonesia, quoted from the
CNBC Indonesia YouTube channel (https://www.youtube.com/watch?v=V5qK-BwgbZ4),
including better arrangement of flight routes and determining hub and spoke, with the aim that
the economic foundation in the tourism and transportation sectors will be stronger and better and
can "run" even faster.

This research aims to delve deeper into these actual issues, generating a concept or
optimization for flight route planning and hub-spoke determination through a comprehensive
study that takes into account geographic factors. This is because geography is a fundamental
approach that connects transportation patterns and the structure of community residential
locations (Nang Fong & Law, 2014). This approach encompasses elements of connectivity,
studying the structure of air transportation networks, and analyzing the location of National
Aviation hubs and spoke airports, which is the novelty.

Flight networks and routes are the basis for plans to develop air transport service
networks, as intended in Law of the Republic of Indonesia Number 1 of 2009 concerning
Aviation. Network management is important for route management because it determines the
network's scope and focus, determines seasonal schedules, and decides on capacity changes or
route cancellations (Aboubakar et al., 2022; Zgodavova et al., 2018). Several flight routes
combine to form a single air transportation service, known as a flight network of Transportation
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of the Republic of Indonesia has regulated the national aviation network through Minister of
Transportation Regulation Number PM 88 of 2013 concerning flight networks and routes.

Several previous studies analyzed air transportation between provincial capitals in
Indonesia using Graph Theory by Rodrigue in this research, we produce connectivity index
values by modeling real transportation networks into graphical representations and connectivity
matrices. Meanwhile, Gunawan's research generally describes a connectivity analysis of the
national air transportation network with the aim of calculating connectivity between airports to
determine appropriate strategies for mitigation when airport closures occur due to force majeure
(Gunawan & Medianto, 2016).

According to (Rachmandika & Alamsjah, 2023) The research confirmed a decline in
airline companies' performance due to the less-than-optimal structure of their flight network,
with only 31% of domestic flight routes having good connectivity. This research uses the
weighted connectivity ratio (WCR) method, which considers the connectivity value based on
the weight of the temporal aspect (flight schedule) and does not fully consider the geographical
aspect.

The current study, which optimizes the location of the national aviation center airport
using a database of geographical factors that significantly influence the location of Indonesian
islands, differs from previous research. Indonesia, a vast archipelagic country, prioritizes
connecting and integrating land, sea, and air transportation. This research aims to develop an air
transportation network concept that considers the geographical locations of airports within
Indonesia’s territory, ensuring the preservation of national connectivity (Graham, 2023;
Mokhele, 2022). The concept in question is the implementation of a hub-and-spoke network.
The hub-and-spoke network pattern focuses on optimization problems from the perspective of
economies of scale.

The researchers optimized the research object airport's location to establish a hub airport
and then further refined the analysis results to enhance the performance of the new flight service
network (Atay et al.,, 2023; Zanin & Wandelt, 2023). In the meantime, the Minister of
Transportation's Regulation Number PM 39 of 2019, which pertains to the National Airport
Order, outlines the hierarchy of airports as a collection of hub and feeder airports. This
hierarchy considers the fluctuating demand, which is challenging when determining an airport's
status (Faturachman et al., 2023). Therefore, this research relies on the airport's geographical
location (Cai et al., 2023; Thasni & George, 2022).

John McGraw in 2006 states air services employ flight routes that are continuously
implemented through performance-based navigation, which are based on airspace routes and
navigation services. By conducting this research and developing transportation networks that
take into account geographical factors, we can more effectively identify the existence of a
region and investigate its potential resources, thereby strengthening and enhancing the economic
foundation in the transportation and tourism sectors. The researchers determine the domestic
flight network by taking into account the following factors: a. the demand for air transportation
services; b. the fulfillment of technical requirements for flight operations; c. airport facilities
that adhere to aviation safety and security provisions; d. the service of all airport-served areas; e.
the flight operations activity center of each scheduled commercial air transportation business
entity; and f. the integration of domestic and overseas routes. The researchers have determined
the main routes and feeder routes for the national aviation network based on these factors
(Aboubakar et al., 2022; CAl et al., 2023a; Zanin & Wandelt, 2023b).

2. Literature Review

Transportation is a vital element in national life and in fostering national unity. The
advancement in the transportation sector aids in the achievement of national development goals
across all regions, encompassing both urban and rural areas. Indonesia's existing transportation
system aims to enhance population mobility services and other resources, fostering economic
and social growth in rural areas and across islands (Ranjan & Sinha, 2024). If we continue to
view transportation problems from a fragmented perspective and approach them case-by-case,
we will not be able to solve transportation problems or improve rural accessibility. We must
carry out the improvement of the transportation system across a broad spectrum,
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comprehensively, in a coordinated manner, and of course, consistently. Therefore, every policy-
determining factor, whose policies directly or indirectly influence the performance of the
transportation system and accessibility from one place to another, especially on different
islands, requires good coordination (Papatheodorou, 2021; Sallan & Lordan, 2023).

Flight networks and routes are the basis for plans to develop air transport service
networks as intended in the Law of the Republic of Indonesia Number 1 of 2009 concerning
Aviation. Network management is vital for route management, which will determine the scope
and focus of the network, determine seasonal schedules, and decide on capacity changes or
route cancellations (Zgodavova et al., 2018). Several flight routes combine to form a single air
transportation service, a flight network. The Ministry of Transportation of the Republic of
Indonesia has regulated the national aviation network through Minister of Transportation
Regulation Number PM 88 of 2013 concerning flight networks and routes. The domestic flight
network is determined by considering a) demand for air transportation services, b) satisfying the
technical requirements for flight operations, c) airport facilities that adhere to aviation safety
and security regulations, c¢) Providing service to all areas with airports, d) the flight operations
activity center of each scheduled commercial air transportation business entity, and e) the
integration of domestic and overseas routes (Chen et al., 2024; Eskenazi et al., 2023; O'Kelly &
Park, 2023).

With this in mind, the researchers determine the main and feeder routes on the national
aviation network. Figure 3 shows that the Main Route includes flights from 43 airports.
According to PM 88 of 2013, 694 routes originate from the airports in Table 1, and 48%, or 330,
of them are in the main route category. The remaining 364 routes fall under the feeder route
category. This research limits the analysis to only flight origins from class Il airports, so the
flight origin nodes from 43 airports only remain at 36 airports for 290 main routes. Figure 2
displays the distribution map of airport locations originating from the main flight routes under
analysis, while Figure 3 displays the flight network map based on the list of airports.

0

Fig. 2. Map of the distribution of airport locations that originate from the main flight routes

The researchers will form the Indonesian flight network pattern using a hub-and-spoke
system based on the figure above and considering the geographical position of the provincial
capital airports in Indonesia, as shown in Figure 2. Indonesia is accustomed to the passage of
ships and planes from other nations as a participant in global commerce. Consequently, the
development of sea and air transportation in our nation is facilitated. We will be able to more
effectively identify the existence of a region and investigate its resource potential by
comprehending flight routes through transportation network design that considers geographical
factors (CAl et al., 2023b; Eskenazi et al., 2023; Schleicher et al., 2004; X. Sun et al., 2024a).

According to Figure 2, the primary route network pattern for national flights is point-to-
point. The researchers carry out the next analysis, using the principles of Metcalfe's law and
connectivity matrix analysis, to address the first problem, which concerns the performance of
the existing aviation network. The current issues pertain to accessibility and mobility, which the
researchers manage by merging a geographic land use management system with a transportation
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network system. By designing the national aviation transportation network based on
geographical factors, the connectivity can meet the targeted goals.

After determining the object of analysis and drawing the map depicted in Figure 2, the
researchers carry out the following analysis using the principles of Metcalfe's law and
connectivity matrix analysis.

Fig. 3. Map Of The Main Route Flight Network

Research by (Zgodavova et al., 2018) states that there are two flight path configurations:

point-to-point and hub-and-spoke systems. A point-to-point direct or line network is a flight
model operated directly between two cities. This model makes saving 30% of costs possible
because direct flights without stopovers increase aircraft speed (aircraft block speed). This
model also lessens reliance on airports but requires certain conditions for flight operations with
this network pattern: a) short flight distance, b) high flight demand, and c¢) small number of
cities airlines serve.
In the hub-and-spoke system flight route configuration, the hub airport is a transportation node
leading (Griffin & Jiao, 2019) to the intended final destination (Dodge & Nelson, 2023). This
system optimally provides air transportation to the region by allowing passengers to travel
between two cities with a single stop at the hub airport. The system covers a wide geographical
area and serves numerous destinations, meeting the following criteria: a) the distance between
two cities is significant, b) low demand, and c) the number of cities served is significant. The
hub-and-spoke system mentioned in the research (Burghouwt & Redondi, 2013) allows for the
maximization of the number of city pairs connected by a particular flight through the spatial and
temporal concentration of the network.

With the Social Network Analysis (SNA) method, with data from three aviation alliances,
1060 airports, and 5580 routes in 173 countries. In SNA, airports become nodes and flight
routes become connecting routes. Airports with high levels of centrality can activate routes, and
airports with high levels have great potential to become hub airports because they act as bridges
connecting other airports (Aboubakar et al., 2022; Zhao & Sun, 2024). The results of his
research found that the airport with a high degree of betweenness centrality was Istanbul
Ataturk Airport in Turkey, followed by Beijing, Chicago, Atlanta, and Frankfurt. In contrast, the
airports with high betweenness centrality were Toronto Airport in Canada, Doha Qatar, Haneda
Japan, and Jakarta, Indonesia.

(Bagler, 2008) examined the Airport Network of India (ANI), a complex network
representing India's domestic civil aviation infrastructure. Large airports concentrate traffic at
interconnected airport groups within the Airport Network of India (Hu et al., 2022) yet it is also
concern to air traffic design in time and capacity (Rodriguez-Sanz & Rubio-Andrada, 2024b).
The analysis shows the possibility of a mechanism for forming a national transportation network
that is different from the global transportation network (the Worldwide Airport Network/WAN).
This research analyzes the ANI topology in a weighted and unweighted manner. Some
parameters include a) the degree of a node, b) the average shortest path length, and c) the
clustering coefficient. (M. Sun et al., 2021) hub-and-spoke networks produce advantages by
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reducing flight operating costs to maintain competitive benefits and airline interests in
development.

This research is to produce a concept or optimize the location of airport hubs through a
comprehensive study taking into account geographical factors as well as conducting an analysis
of the location of National Aviation Hub airports, which is the novelty of this research. The
study aims to optimize the location of hub airports using industry-relevant geographical factors,
specifically Perum LPPNPI (AirNav Indonesia). In addition, regulators can use the optimized
hub airport locations to gauge their measurable effectiveness and efficiency. The researchers
hope to further this study by measuring other references, such as demand and navigation routes.

3. Research Methods

This study uses quantitative methodologies to examine the impact of network
performance on the connectivity and structure of the national aviation network. It analyzes
Metcalfe's law and the connectivity matrix. The research question was about the performance of
the current national aviation network. To answer it, the work stages included reading up on the
rules for the national aviation network, focusing on the national aviation network, choosing the
provincial capital airport as the object of analysis in the main route flight network, using
Metcalfe's law parameters and the connectivity matrix to examine performance, and then talking
about the results. This method is crucial in understanding the performance of the network. The
relationship between this method and the formulation of the problem lies in the use of
connectivity analysis to optimize the national aviation network. This pertains to the use of
appropriate geographical factors with data collected at AirNav Indonesia and the system
operating at their company. Then, it serves as a benchmark for airline companies to identify
more effective and efficient flight route patterns.

Air Navigation Services Provider companies have validated the web-based Flight Plan as
an international standard system to enhance the safety of aviation navigation services,
particularly in the distribution of Air Traffic Services Messages, Flight Plans, NOTAMs, and
Meteorological Messages. Therefore, the available systems provide appropriate data for
determining the flight route. The web-based Flight Plan application collects numerical data
about flight networks and routes. The researchers optimize the national aviation network by
examining the link attributes derived from the distance matrix between airports. Then, apply the
facility location problem approach to analyze two optimal location scenarios for hub-and-spoke
airports. According to (Rodriguez-Sanz & Rubio-Andrada, 2024b) the most basic measure of
accessibility is network connectivity, represented as a connectivity matrix (C1), which
represents the connectivity of each node with other nodes. Each connected pair cell receives a
value of 1, while unconnected cells receive a value of 0. The sum of these matrices gives a
measure of accessibility known as a node's degree, with the equation:

Ci=2jCy
With:
C1 = degree of a node

C;; = connectivity between node i and node j (1 or 0)
n = number of nodes

The connectivity matrix does not yet consider possible indirect paths between nodes; for this
reason, the total accessibility matrix (T) is used, with calculation steps using the equation:

T=%P  CK

Cl = Z}l Cij
Co =X7E}Chx v+ 1)
With:

D = network diameter
T is a more comprehensive measure of accessibility
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The Shimbel index calculates the minimum number of paths to connect a node to all
nodes in a network, also known as the D matrix. This matrix holds the shortest path between
nodes in the network, which is always equal to or smaller than its diameter. It only considers the
shortest paths without considering alternative routes. The researchers extend the Shimbel Index
and D matrix by including a distance attribute on each link, acknowledging that their distance
may influence the topological relationship between two nodes. The value graph matrix, or L
matrix, represents the effort and provides a minimal distance between each network node.

The following parameter is called geographic accessibility: the total distance between
locations divided by the number of locations. The lower the value, the more accessible a
location is. The equation is:

HOEDXONE

With:

di=L

A(G) = geographic accessibility matrix

d;; = shortest path distance between locations i and j

n = number of locations

L = valued graph matrix

The equation measures the potential accessibility parameter, a more complex parameter that
simultaneously takes into account the weighted concept of distance as a location attribute:

A(P) =X} P it
ij

With:
A(P) = potential accessibility matrix
d;; = friction distance between places i and j (from the valued graph matrix)
Pj = attribute of place j, such as population, commercial area, etc.
n = number of locations

The researchers utilize the facility-location problem optimization technique to identify the
hub airport among the numerous research airports, and the researcher analyze the potential
number of trips between cities (airports) using the gravity method's matrix as state in (Kong et
al., 2010; Puspasari, 2019). This model operates under the premise that comprehending the
current reasons for movement is crucial before making any predictions. The researchers then
model these reasons by drawing analogies with natural laws, specifically the law of gravity.
Tamin, O.Z. in year 2000, write in his book about geographic accessibility and potential
accessibility. The gravity method uses the principle that movement between locations (origin to
destination) is directly proportional to the amount of travel production at the origin location and
travel attraction in the destination zone and inversely proportional to the distance or
convenience between the origin and destination locations. Production characteristics and
movement attractions are related to parameters of the location of origin, such as population and
accessibility (convenience), which are a function of distance, time, and cost. Furthermore, refers
to research by (Coletta et al., 2019; Naying et al., 2023), Isaac Newton stated that the force of
attraction or repulsion between two poles of mass (F) is directly proportional to the masses, m;
dan my, and inversely proportional to the distance between the two masses, d;s%, expressed by:
Fig=0G md%a
G is the gravitational constant

In geography, a force can be defined as the movement between two locations, and
variables such as population, production, travel attraction, distance, time, or cost can replace
mass as a measure of accessibility (ease). Transportation science formulates the gravity model
as follows:
Tid = kgd’?od‘

id

k is a constant
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There are four types of gravity models, namely: 1) unconstrained gravity (UCGR), 2)
production-constrained gravity (PCGR), 3) attraction-constrained gravity (ACGR), and 4)
Double constrained gravity (DCGR). This research uses the DCGR model to predict travel
potential between airports, with the variables being the flight distance between airports, the
population of the city where the airport is located, and the gross regional domestic product
(GRDP) figure of the city where the airport is located. The equation of this model is:

Tid = Oi'Dd'Ai'Bd'f(Cid)

With boundary conditions:
§= 1 foralldand , _ 1 forall i
Zi4i0if i) ' ZaBaDafiad)

According to (Song & Yeo, 2017), there are four factors to consider when determining
location: 1. technological factors; 2. economic and geographic factors; 3. political factors; and 4.
social factors. The researchers will form the Indonesian flight network pattern using a hub-and-
spoke system, considering the geographical position of the provincial capital airports in
Indonesia, as shown in Figure 2.

4. Results and Discussions

The location of diverse living facilities has become a comprehensive, multi-criteria, and
complicated task due to the complexity of indicators. The approach will require phases, accurate
data, and meticulous analysis techniques to provide a scientific and rational contribution to the
decision-making process regarding numerous alternatives and issue resolution. Following the
principles of operations research science, the researchers must exercise caution, as operations
research cannot resolve all location-related problems readily. Consequently, the researchers
continue to necessitate the wisdom, intuition, and experience of various other supporting
disciplines. Location optimization analysis techniques, mainly the solver function in MS Excel,
can alleviate the burden in this scenario (Pribadi et al., 2023).

According to Figure 2, the primary route network pattern for national flights is point-to-
point. The researchers carry out the following analysis, using the principles of Metcalfe's law
and connectivity matrix analysis, to address the first problem, which concerns the performance
of the existing aviation network, after determining the object of analysis and drawing the map as
depicted in Figure 2.

a. Metcalfe's law analysis involves squaring the number of links. Since there are 361 main
route links, the square value equals 130,321;

b. Connectivity matrix analysis uses the indicators 1) degree of nodes and 2) total accessibility
matrix.

Based on the list in Minister of Transportation Regulation 88 of 2013, the researchers
create a matrix containing the main airports and limited the analysis to a minimum of class 2
airports. The matrix's size was 49 x 49 grid (49 airport matrix).

Fig. 4. Scenario 1 is one of the five proposed aviation network map scenarios. The scenario of Banjarmasin (Hub)
encompasses 48 airports in Indonesia (Spoke).
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The collected matrix yields the degree of a node, an indicator of connectivity. By adding
up the values in each row horizontally, the researchers can determine that Jakarta Row has the
most significant value of 31, indicating that Jakarta Airport is the most connected among the top
five airports. Airports in Balikpapan (node 24), Batam (node 20), Ambon (node 16), and
Bandung (node 16) are among the nodes. In contrast, Tanjung Karang, Tanjung Pandan,
Tanjung Pinang, Tarakan, Ternate, and Wamena have low degrees, even with a value of 0.

The total accessibility matrix analysis reveals 2101 possible flight links in the existing
aviation network, with Balikpapan Airport holding the most significant value of 224, making it
the most accessible airport. Next in line are Batam, Jakarta, Bandung, Ambon, and Denpasar
airports, which have high accessibility. The average value of the number of possible flight links
for all research airports is 42.8776, and the number of airports whose value is below the average
is 32 (65.3% of main airports have accessibility below the average value).

The following analysis, which addressed the second problem, involved optimizing the
facility location problem using data from two matrices: the distance matrix between airports and
the travel potential matrix between airports. The researchers create the distance matrix between
airports using open-source flight distance calculation tools like www.distancesfrom.com. Then,
the researchers present the results of our work on calculating the flight distance matrix between
airports. Next, the researchers create the distance matrix between airports using open-source
flight data and analyze the facility location problem optimization, utilizing the distance matrix
to identify hub and spoke airports in a scenario ranging from 2 to 5. The researchers conduct the
analysis using Microsoft Excel software and solver functions, aided by OpenSolver, an open-
source program available at www.opensolver.org.

According to the analysis results (Dobruszkes et al., 2023) the hub airport for Scenario 1
is Banjarmasin Airport, with a total flight distance in the national aviation network of 30,765
nm; Scenario 2 is Nabire and Pangkalan Bun airports, with a total flight distance of 20,295 nm;
Scenario 3 is Mamuju Airport, Nabire, and Pangkal Pinang, with a total flight distance of
14,316 nm; Scenario 4 is Jambi, Mamuju, Nabire, and Solo airports, with a total flight distance
of 11,773 nm; and Scenario 5 is Bima, Jambi, Nabire, Palu, and Semarang airports, with a total
flight distance of 10,483 nm.

According to research (Lordan et al., 2014), the resilience of network infrastructure, such
as air transport networks, is a central issue in transportation geography. Despite advancements
in other transportation networks, previous research on the resilience of air transportation
network infrastructure using complex network analysis still falls short in examining network
topology and robustness. These activities have identified a key research area in the geography of
air transport, namely the resilience of complex networks. Theoretical analysis has begun to
model and analyze air route networks as complex networks. Researchers (Cheung et al., 2020),
looked at the structure and growth of the global air transportation network by creating and using
the Global Airport Connectivity Index (GACI). This index considers the topological and
volumetric features of airports and features that are important to specific regions in the global
air transportation network. GACI combines centrality indicators such as degree, closeness, and
eigenvectors with two new volume-based indicators, flow betweenness and regional importance.

Flow betweenness measures the importance of airports as transit points on connection
paths between origin-destination pairs. Regional importance measures the intensity of airport
connection links within its region. This research will focus on the aviation industry. Researchers
(Arvis & Shepherd, 2011) created the Air Connectivity Index (ACI), a simple yet consistent
measure of how connected airports are to the global air transport network. Network features like
a hub-and-spoke structure exist, and the number and strength of flight connections are essential.
Necessary economic measures, such as the degree of liberalization policies in the air services
market and specialization in parts and components trade, strongly correlate with the ACI, as a
proxy for trade openness in high-value-to-weight sectors.

This study demonstrates how the industry, particularly Perum LPPNPI (AirNav Indonesia),
maximizes the efficiency of hub airport locations by considering geographical considerations
(Graham, 2023; X. Sun et al., 2024b) Regulators can use the optimal hub airport sites to
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measure efficacy and efficiency. This research considers additional factors, including demand
and navigation routes (Chai et al., 2022; Dobruszkes et al., 2023; Dodge & Nelson, 2023).

5. Conclusion

Based on the performance of the existing national aviation network, Jakarta Airport leads
the list of the most connected airports, followed by Balikpapan Airport, Batam Airport, Ambon
Airport, and Bandung Airport. Tanjung Karang, Tanjung Pandan, Tanjung Pinang, Tarakan,
Ternate, and Wamena are the airports with lower connectivity. Balikpapan Airport boasts the
highest number of possible flight links and is considered the most accessible. Next in line are
Batam, Jakarta, Bandung, Ambon, and Denpasar airports, which have high accessibility. The
average value of the number of possible flight links for all research airports is 42.8776, and the
number of airports whose value is below the average is 32 (65.3% of main airports have
accessibility below the average value). The optimization process involves determining the hub
airport's location. The design aims to maximize the placement of hub airports by considering
various factors. The industry, specifically Perum LPPNPI (AirNav Indonesia), can optimize the
location of hub airports by utilizing geographical factors. Regulators can measure more precise
effectiveness and efficiency. The availability of routes between airports in Indonesia, taking into
account geographical factors, will enhance connectivity and facilitate the use of various modes
of transportation. Future research can employ various methods to analyze connectivity, but the
reference based on geographical factors holds significant importance. The reason for this is that
Indonesia, being the largest archipelagic country, boasts a strategic geographical location and
conditions that enable the realization of connected and integrated transportation between modes.
The researchers hope to continue this research by measuring other references, such as demand
and navigation routes.
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