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Abstract. This paper evaluates the application of Intelligent Transportation Systems (ITS) specifically as a part of
regional development. Although ITS has been extensively studied in the context of city-wide developments, research
on such developments for the regional enhancement is scarce. Importantly, transportation development for regional
areas differs to that of traditional urban provinces. Whilst the transportation developments in urban areas need to
concentrate on a range of diverse community requirements, for regional areas, such population are less diverse and
more alike. Consequently, developed ITS in the regional areas needs to concentrate on more homogeneous
communities and their needs. There are many factors influencing regional transportation developments, however
functionality is one of the most critical aspects. Although functionality is an important aspect of all developments, it
is considered to be the most crucial factor for regional areas. Fittingly, this paper will examine some of the most
important transportation functionality issues for regional areas. To further explore this theme, the surrounding areas of
Fukushima and Tokyo were studied to highlight their regional transportation requirements. These two case studies
were then compared using factor analysis method. The comparison generally found that, due to its geographical
location Fukushima aligned its regional functionalities more broadly. Further, this paper proposes a streamlined
approach to analyze the successful application of transportation development in the Fukushima and Tokyo regional
areas. To do so, an integrated functional approach was carefully undertaken. The proposed approach specifically
focused on incorporating mobility and ITS as the key ingredients for the regional developments. It was found that,
such integrated functional approach would therefore increase innovation and productivity as the result of successful
application of ITS for regional development.

1. Introduction
As highlighted by Andres et al., (2016) [1] the expansion
of transportation infrastructure is an essential component
for the successful development of rural and regional
communities. Bullock et al., (2011) [2] together with
Wasson et al., (2011) [3] highlighted that an important
attribute of Intelligent Transportation Systems (ITS) is
the ability of such technological advancements for both
urban and regional areas. Further, key aspects of
transportation infrastructure for the regional areas
encompass:
 Ensuring effective interconnection of remote areas

[4]. This includes embracing and interconnecting
the rural communities ensure that all regional
transportation issues are vigilantly considered.

 Proficiently utilizing the appropriate ITS as the
basis of regional development [5]. Although, the
inclusion of ITS is typically aligned with urban
transport, as a part of the regional transportation
considerations, ITS could also provide important
advantages.

 Successfully linking regional communities to
urban areas for improved accessibility. Perhaps

the most important aspect of transportation
infrastructure for regional areas is the inclusion of
effective accessibility [6]. Generally speaking,
transportation accessibility requires both short and
long-term considerations [7]. While short-term
considerations include the convenience of
transportation accessibility, long-term deliberation
includes encompassing foreseeable regional
growth and developments.

 Warranting long-term planning and appropriate
enduring investment. This comprises
implementation of various planning initiatives for
rural communities. Here, transportation planning
includes the consideration of rural environment
and subsequent surrounding as the basis of the
regional transportation development.

Appropriately, developed ITS in regional areas needs
to concentrate in a more homogeneous manner towards
community and its needs. Although other authors
including Shu and Yao-Jan, (2013) [8] along Bhaskar and
Chung (2013) [9] among many, emphasized the
additional ITS abilities for the regional developments,
more study is required. Accordingly, this paper aims to
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review the application of ITS for regional development
and in doing so examines a number of case studies.

2. Literature review
As already conversed, transportation development for
regional areas differs to that of traditional urban areas.
Whilst transportation developments in urban areas need
to concentrate on a range of diverse community
requirements, for regional areas, such communities are
less diverse [10, 11]. As Cao and Orru (2014) [12]
highlighted, the most important transportation
accessibility issues in regional areas include functionality
together with performance. However, to further validate
such hypothesis, a closer examination of the regional
transportation functionality is required.

Figure 1: the regional transportation functionality.

It can be observed from Figure 1; regional
transportation functionality consists of five main
components:
1. National and regional planning, which includes a

cluster rather than individual development [13, 14].
The jurisdictional concerns may be difficult;
however, this approach is necessary to bring about
absolute regional amplification.

2. Rural and urban linkages. The alignment and
connecting of both the rural and urban
transportation systems is an important strategy
[15]. Such strategy ensures that the regional
transportation systems are not neglected, but
rather cared for.

3. Rural transport and territorial development. The
development of regional areas is highly dependent
upon adequate transportation [16]. Insufficient
rural transport not only obscures any regional
development, but also limits territorial growth.

4. Accessibility. Of all the main functionalities,
accessibility is perhaps the most challenging
component [17, 18]. This is due to the remoteness
of some locations. The regional transportation
accessibility maybe somewhat inadequate and/or
not insufficient.

5. Performance. Of all the main functionalities,
performance is the most immensely deliberated
[19, 20]. For the regional areas in particular,
performance of the transportation services could
undeniably make or break any future proposal and
spending.

Accordingly, as the basis of ITS for regional
development, this paper considers these five functions as
the foundation of an integrated approach. To fully
understand such integration, the transportation
development for regional areas need to be carefully
reviewed. Figure 2 articulates the asymmetry of regional
transportation developments with the inclusion of ITS.

Figure 2: asymmetrical of regional transportation developments.

The proposed asymmetry is skewed towards the urban
rather than rural development. Such orientation is due to
a greater focus upon ITS in urban areas [21, 22].
Nevertheless, Gudmundsson et al., (2016) [23]
highlighted that the importance of transportation for
regional development be categorized into the following
areas: a) Freight management, b) Road safety and
security, c) Traffic management, d) Environment
protection, e) Public transport, f) Automotive telematics,
g) Parking management and h) Road user charging.
Appropriately, these categories are represented in Figure
3.

Figure 3: Transportation development for regional areas.

Figure 3 symbolizes the main areas of the regional
development. The analyses provided here, is based on
reviewed literature and a number of interpreted case
studies. Hardisty (2010) [24] highlighted freight
management as of absolute importance for the regional
development, whilst Thekdi and Lambert (2012) [25]
claimed that the road user charging has the least
significance. Such analysis could be due to a small
number of road users within the regional areas.

On one hand, road safety and security will be the
second most important transportation factor for any
regional developments [26]. On the other, Kahraman and
Cevik Onar (2015) [27], reasoned that the effective traffic
management along with environmental protections
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possess lesser effects than the previous two transportation
factors. While it can be worked out that, due to lesser
demand than the urban areas, public transport,
automotive telematics and parking managements are the
succeeding regional transportation issues (in that order).
Subsequently, to fully demonstrate the importance of the
ITS as a part of transportation development for the
regional areas, a integrated functional approach is
indispensable.

2.1 ITS for the regional development:
Integrated functional approach
Conventionally, ITS can be defined as an amalgam of

various methods, such as computational technologies,
used to further enhance the overall functionality of all
types of transport [27]. Such computational technologies
integrate various traffic and transit management
techniques as a part of overall functional enhancement
approach and includes superior accessibility [28].
Nevertheless, to further ensure the successful application
of transportation development for the regional areas, an
integrated functional approach need to be carefully
executed [26]. Such alignment will specifically focus on
incorporating mobility and ITS as key ingredients for
regional developments.

ITS also utilizes various methods such as
computational technologies to further enhance the overall
functionality of all types of transport [29]. Such
computational technologies integrate various traffic and
transit management techniques as a part of overall ITS
functional enhancement approach including superior
accessibility [30].

Although ITS has been extensively studied in the
context of city-wide developments, research on ITS as
part of regional enhancement is scarce. Importantly,
transportation development for regional areas differs to
that of traditional urban areas [31]. Whilst transportation
developments in urban areas need to concentrate on a
range of diverse community requirements, for regional
areas, such communities are less diverse and more alike.
Accordingly, developed ITS in regional areas needs to
concentrate on a more homogeneous community and its
needs [25]. On one hand, the concept of urbanization,
which brings increased demand for the regional areas,
needs to be carefully considered [32]. On the other, such
regional development needs to prudently position, the
competing drivers of engineering, environmental,
economic and social. Subsequently, these factors then
need to be integrated holistically, that is based on
functional approach. This is presented in Figure 4.

Figure 4: Integrated functional approach for regional development.

As identified, at the centre of this the integrated
functional approach, lies the ITS. In other words, ITS is
the essential element of this approach. Nonetheless, there
are also four other important elements which complete
this process. Using advanced transportation systems,
could ultimately reduce the CO2 production through
innovative emissions control management. Subsequently,
the inclusion of ITS specifically for regional development,
would also benefit from such advancement.

On one hand, increase in innovation can dramatically
reduce losses and thus improve production and
productivity rate. While, this will ultimately lead to better
long-term revenue and thus increase economical benefits
[33]. In addition, a successful application of ITS for
regional development, requires a cautious alignment of
transportation functionality and integrated functional
approach. To investigate such theory, the following
section (case studies) has been developed.

3. Research methodology
To further explore the alignment of 'transportation

functionality' and 'integrated functional approach', the
regional areas of Fukushima and Tokyo were studied.
Such investigation would also carefully highlight the
regional transportation requirements. These case studies
evaluate the adaptation of ITS as a part of successful
regional development and in doing so assess their
regional transportation functionalities.

To effectively compare the transportation development
for regional areas, the five main components of regional
transportation functionality (see section 2.0) are
compared on the Fukushima and Tokyo rural zones. It is
important to highlight that such analysis was assisted by
reports produced by 2012 Citylab together with 2017
Ministry of LITT (Land, Infrastructure, Transport and
Tourism). These concentrated and inclusive reports were
carefully studied and interpreted to determine the key ITS
variances for both cities' regional development. Moreover,
factor analysis was then used as the basis of comparing
these two case studies and their subsequent findings
carefully discussed.
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4. Case Studies

4.1 Fukushima
Fukushima is the capital city of Fukushima prefecture

in Japan. This city has a transportation service containing
rail and bus systems. The city uses the Iizaka rail line and
an extensive bus network, to serve its regions. Figure 5
represents the general topography of Fukushima and its
regional rail transportation.

Figure 5: Topography of Fukushima and its regional rail transportation.

As it can be observed, Fukushima and its regional rail
transportation is well spread. Such distribution, however,
will also create ITS difficulties due to its scale. Not only
does such ITS require significant funding but
complication exists within such system integration.

4.2 Tokyo
Tokyo is the capital city of Japan and its greater area is

the most populated metropolitan area in the world
[34]. The transport network in Greater Tokyo includes
public and private rail and highway networks; airports for
international, domestic, and general aviation; buses;
motorcycle delivery services, walking, bicycling, and
commercial shipping. Moreover, the public transport
systems within Greater Tokyo is serviced by 158 lines,
48 operators, 4,714.5 km of operational track and 2,210
stations [34]. Approximately, 40 million passengers use
Tokyo’s rail system daily (Citylab, 2017). Figure 6
represents the general topography of Tokyo and its
regional rail transportation.

Figure 6, Topography of Tokyo and its regional rail transportation.

As it can noticed, Tokyo and its regional rail
transportation is extremely spread. Such distribution will
also significantly complicate the ITS. This is possibly
due to many different system requirements, particularly

dealing with functionality and overall performance.

4.3 Case studies comparison
In comparing the Fukushima and Tokyo case studies,

specific regional transportation consideration needs to be
measured. These considerations include:
 Foremost, the rural strategic alignment needs to be

carefully deliberated. This consideration needs to
cautiously contemplate not only land issues, but
also alignment of all jurisdictional governance and
any future national frameworks.

 The inclusion of innovative transport tools such as
ITS, to thoroughly advance and integrate future
regional developments.

Nevertheless, as already noted, the regional
transportation functionality consists of five main
components which are, National and regional planning;
Rural and urban linkages; Rural transport and territorial
development; Accessibility; and Performance.
Accordingly, to effectively compare the transportation

development for regional areas, the five main
components are contrasted on the Fukushima and Tokyo
peri-urban zones. It is important to highlight that such
analysis where assisted by reports produced by Citylab
and Japan Ministry of Land, Infrastructure, Transport and
Tourism [34]. Before commencing the functionalities
analysis of the both cities, their trajectories of change
were also explored. Figure 7 provides the projected
transportation change for both cities via spatial
presentation.

Figure 7: spatial representation of the projected transportation change
for both cities.

As it can be summarized, for Fukushima, the projected
transportation change is well spread with eastern suburbs
having the most extreme (red) trajectories. This is most
likely due to the 2011 nuclear disaster which mostly
effected the eastern areas. Conversely, for Tokyo, the
projected transportation change is generally low (blue)
with extreme being planned for a small area. This is due
to Tokyo's outstanding transportation infrastructure.

4.3.1 Factor analysis
Once the projected transportation of the both cities

been briefly discussed, the actual functionalities analysis
for the both metropolitans was then carried out. This
comparison was based on the available data from reports
produced by Citylab [35] and Japan Ministry of Land,
Infrastructure, Transport and Tourism [34]. In addition, a
factor analysis was used to characterize the correlations
between the variables Xa (for 5 main components and 4
functional approaches) of which the Xai (specific
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instances). The following conventional factor analysis
model was thus used:

[1]

To streamline the modeling process, a maximum value
of 1.0 was used as the basis of total output. This output
value was thus the basis of the regional functionalities
and integrated functional approach factors. This analysis
is presented in Table 1.

Table 1, case studies comparison.

Table 1 represents the summary of the factor analysis
of the regional functionalities and integrated functional
approach for both cities. A Mplus software was used to
calculate the presented analysis. To further demonstrate
the findings Figures 8a and 8b are also presented.

Figure 8a: 'regional functionalities' comparison.

Figure 8b: 'integrated functional approach' comparison.

As it can be described, while Fukushima generally
ranks lower in most areas, Tokyo seems to excel
particularly in performance. Whilst Fukushima seems to

be scoring higher on the national and regional planning
along with rural and urban linkages; both cities score
exceptional in increased innovation. Although, such
outcome is likely due to Japan's reputation as a world
technology leader; as a consequence of its geographical
location, Fukushima needs to align its regional
functionalities more broadly. Hence a higher national and
regional planning along with rural and urban linkages
score is observed.

For both cities, increase in innovation is extreme. This
is considered a likely result of Japanese national and
international efforts in research and development.
Moreover, Tokyo mainly uses the most advanced and
innovative technologies and thus is leading 'performance'
not only with other Japanese cities but many cities around
the globe. On the other hand, while for both cities and
their regional areas, the reduction of global CO2 is
seemingly comparable. However, the increase in
agricultural production is slightly higher in Fukushima.
This is due to Fukushima's vast available area dedicated
specifically for agricultural industry.

Overall, the Japanese federal government continuously
places significant importance for both areas of the nation.
This is evident by the adaptation and utilization of
ground-breaking ITS for both cities, but specifically
Tokyo. Such outcomes would benefit Tokyo's
transportation authority’s allowing them to further
improve and optimize the functionality of their regional
transportation services.

5. Lessons to be learned
The comparison of the integrated functional approach

for both Fukushima and Tokyo, further highlights the
essential aspect of such an approach, specifically for the
regional development. The successful implementation of
Fukushima and Tokyo integrated functional approach
highlights the significance of increased innovation and
productivity as the result of successful application of ITS
for regional development. Additionally, the case studies
highlight such enhanced regional development
specifically requires a cautious and gradual alignment of
transportation functionality and integrated functional
approach.

From the four integrated functional approaches for
regional development, the inclusion of ITS specifically
for regional development, requires developing and
utilizing specific technologies that meet not only the
nation, but also region's specific shortfalls. To improve
such regional development, increasing innovation is
highly desirable. Such innovation would not only
increase the novelty of specific processes, but also lead to
improve regional production and productivity rate.
Additionally, such an improvement of integrated
functional approach will also lead to supporting national
advancements.
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6. Conclusion
This research found the inclusion of ITS is paramount

for a successful transportation functionality and this in
turn is necessary for successful regional development. In
addition, such ITS adaptation also requires an absolute
integrated functional approach. To demonstrate such
proclamation, this paper utilized the regional areas of
Fukushima and Tokyo as case studies. To contrast these
two cities and their regional area developments, their
actual transportation system functionalities were
succinctly reviewed. While the Fukushima's vast
available area is ideal for the agricultural production, it is
Tokyo, which sets benchmarks in particular as the basis
of both increased in innovation and productivity. Due to
Tokyo's national and international significance, this city
clearly outperformed Fukushima for both innovation and
productivity.

Nevertheless, as this paper illustrated, the inclusion of
integrated functional approach is a dominant factor for
any regional development. Such integration needs to
focus on more homogeneous communities along with
their needs. Such integration needs to focus on more
homogeneous communities along with their needs.
Without such consideration, successful application of ITS
for regional development is detrimentally affected.
Finally, as this paper highlighted, one great challenge to
achieve effective regional development is the cautious
alignment of transportation functionality and integrated
functional approach.

7. Data Availability Statement
Some or all data, models, or code generated or used

during the study are available from the corresponding
author by request.
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