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This study presents an integrated quantitative model for optimizing sub-hub
location selection in Iran's air transport industry by combining technical and
marketing criteria. Given existing challenges such as demand dispersion,
fleet limitations, and sanctions, the research employs a hybrid methodology
incorporating spatial analysis, mathematical modeling (the dynamic p-
median problem), and metaheuristic algorithms (genetic and tabu search).
The data includes actual statistics from Iran's domestic flights in 2021, an
aerial distance matrix among 20 selected airports, and marketing indicators
(customer satisfaction, advertising, seat occupancy rate) collected from
airport and airline statistical yearbooks. Findings indicate that selecting four
sub-hubs (Tehran, Bandar Abbas, Tabriz, Sari) while considering technical
criteria (aerial distance, airport elevation, fleet capacity) and marketing
factors (demand elasticity, advertising costs) can achieve 87% demand
coverage with a 25% reduction in operational costs. Additionally, integrating
dynamic pricing strategies with hub-and-spoke network design led to an 18%
increase in seat occupancy rates. The results provide a novel decision-making
framework for the aviation industry in developing countries facing similar
conditions.
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1. Introduction

Iran’s air transport industry, as one of the important
pillars of the country’s economic and
communication development, has faced unique and
multidimensional challenges in recent years. These
challenges are, on the one hand, caused by external
factors such as international sanctions, and on the
other hand, related to internal issues such as fleet
obsolescence and geographical dispersion of
demand. According to the report of the Civil Aviation
Organization (2022), the average age of Iran’s active
air fleet has reached 25.4 years, which is significantly
higher than global standards (8-10 years). On the
other hand, the unbalanced distribution of the
population and the concentration of 65% of air travel
demand in only 5 major airports in the country have
presented fundamental challenges in designing
efficient flight networks.

In such circumstances, Iranian airlines need to adopt
smart strategies that can optimize operating costs
on the one hand and be able to absorb maximum
demand dispersed in low-traffic cities on the other.
One of the solutions considered in this regard is the
development of sub-hub networks, which can bring
several benefits. Previous studies have shown that
the optimal design of these networks can save up to
30% in operating costs (O’Kelly, 1987). However,
existing research has mainly focused on the
technical aspects of network design and has ignored
the role of marketing strategies in attracting
dispersed demand.

The Iranian air transport industry faces several
structural challenges in the field of flight network
optimization, which require the provision of
scientific and operational solutions. The main issue
of this research is to design an integrated
quantitative model for locating sub-hubs that can
simultaneously address three key industry needs:
Technical-operational need: The geographical
dispersion of Iranian airports, along with the
altitude variation (from 7 meters in Bandar Abbas to
1,361 meters in Tabriz) and the limitations of the
existing fleet (average age of 25 years), have made
the design of hub-spoke networks a complex issue.
Operational data shows that operating costs on low-
traffic routes are up to 40% higher than the global
average.

The main research gap is the lack of a model that can
simultaneously integrate these three dimensions
into a quantitative framework. Previous studies have
either focused solely on technical criteria such as
(O’Kelly, 1987) in distance optimization (or have
examined only marketing dimensions in revenue
management.

This study addresses this issue by intelligently
combining the following methods:

Advanced mathematical modeling (dynamic median
problem with multiple objective functions)

Detailed spatial analysis (GIS layering with 12
environmental and operational indicators)

Adaptive  optimization  algorithms  (genetic
combination and tabu search)

The present research problem has practical
importance in that its results can reduce airline
operating costs by 25%, increase seat occupancy
rates on secondary routes by 18%, and provide a local
framework for decision-making under sanctions.
This study, focusing on the Iranian aviation industry,
provides a generalizable model for other developing
countries with similar challenges.

2. Research Methodology

This research seeks to solve a problem in the Iranian
air transport industry quantitatively and using
mathematical models. The innovation of the
research is the development of a combined
technical-marketing model based on real data.
Society and Research The research society includes
operational flight samples (4500 flights in 6
months), statistics and information from the
national organization, and technical data from the
air fleet. The sampling was a systematic sampling of
flight data by selecting 20 domestic airports based
on passenger volume indicators and geographical
operations and collecting the following from
sources: Secondary dataincludes flight management
systems, reports from the national organization,
performance statistics of American companies, and
primary data includes direct measurements from
operational plans and performance index systems
records.
The main research model is a hybrid and optimized
model that includes:
1) Inputvariables:
e Technical technologies: air distance, fleet
capacity, operating costs
e  Marketing comparisons:
attraction potential, price
2) Output variables with occupancy rate and
operating costs

passenger

3. Results and Discussion

The findings of this study show that the design of
sub-hub networks in the Iranian air transport
industry requires a combination of technical and
marketing criteria. The most important criteria
effective in locating sub-hubs are as follows:

1) Travel demand volume (23% importance):
It was identified as the most key criterion,
which is consistent with the findings of
(Deniss, 2005) on the pivotal role of
demand in the economic justification of
hubs. In the Iranian context, the
concentration of 60% of travel demand in
only 5 main airports exacerbates the need
to pay attention to this criterion.

2) Geographic location (20% importance):
Although this criterion usually has a higher
weight in global studies such as (O’Kelly,
1987), it has gained relatively less
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importance in Iran due to its specific
demographic and geographical dispersion.
However, choosing hubs with a central
location (such as Isfahan) can reduce the
average flight distance by 750 km.

3) Airport facilities (17% importance): This
finding, which is consistent with reports
(IATA, 2023), shows that airports with
complete infrastructure (such as Bandar
Abbas) have up to 30% higher operational
efficiency.

4. Conclusion

This research is an important step in addressing the
research gaps in existing indicators by developing a
mathematical model for optimizing air hub
networks  with  technical and marketing
integrations. The most important findings of this
research can be summarized as follows:

e Designing sub-hub networks considering
Iran’s specific conditions (sanctions, aging
fleet, specific geography) can improve the
performance of the air transport industry.

e Marketing strategies with network
optimization models can help attract
scattered passengers in low-traffic cities.

e Using hybrid meta-heuristic algorithms
can be a suitable solution for solving
complex models in real-world conditions.

e The presented model is cost-effective
enough to adapt to environmental changes.
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Figure 1. The process of combining criteria.
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Table 5. Weighting criteria with allocation logic
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Table 11. Quantitative results.

L ol sy 335 oS (51 o Sgte
el s LYY G708 1YY p=0.003
Soofansa Ju, VYT elens LYY b, IS0/ - p=0.008
ey VeIV L YAINY Ve 5l AID p=0.001

PNSNEY) ‘5&)_3.;.’;0 (5L°‘-\‘L°3 NY Jj«-\?
Table 12. Decision variable symbols.

s s

toyg ok Clo 4 i Tae 3 J&g e by Xike
oy90 ;0] date k Cla I Jas Jo ()b > Yie

(ab V) Sewl Jdt 0,90 ok ola LT 6,00 pae Zic
(@bl ) Sl slao 90 t

s,5les o asls WY Jgas

Table 13. Performance indicators.

L R carsy gl Ol Sl o Judoxs

5 IVY) olpl ot :Silke 51 YL

W 180IY GLAYINY JAY AV o O \:: \

( .

o bhe) (Sllos 4 ; L 25 adlae 5 i elS
i > 0 o< CIYAY) AF0 - R e
Ju, ow2lS /0 L (Zabihi Tari et al., 2019)

O )bbo) (ldos ais L S adlhe )l i pelS
e > S /YY) AF0 - oy S e
b, sl 710 b (Zabihi Tari et al., 2019)

Y oylods /8 0590 NP Jlw /(5390 3t 9 o (o dideo



\I\\4

oo 5 cwlogl

Table 14. Weighting table of key criteria effective in locating sub-hubs.
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