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Abstract: Large urban settlements are being organized in metropolitan areas, with a polarizing city
influencing and shaping the landscape of the hinterland. Transport infrastructure networks are
the main vectors for the permanent flux of resources, and these exchanges should be maintained
undisturbed. A poor transportation network impedes the continuity of these flows, causing
unsatisfaction, ultimately generating planning-based conflicts within metropolitan zones. This study
aims in assessing the potential occurrence of metropolitan conflicts generated by the transportation
network design. We used a quantitative approach based on a set of new proposed indexes. The
methods were applied on nine metropolitan zones from Romania. The results show that each
metropolitan zone has specific potential for conflict occurrence. The higher potential was recorded
within the more recent established metropolitan zones. Our results raise the question on whether the
Romanian metropolitan zones are fully functional and worthy of this status. The study provides a
useful and usable tool in assessing the effectiveness of the transportation networks within metropolitan
areas, establishing the potential conflict occurrence and it provides interesting insights about the
metropolitan transportation issues, raising red flags toward local and regional decision makers
and planners.

Keywords: transportation network indexes; social network analysis; transport infrastructure;
sustainability; Romania

1. Introduction

Contemporary human society lies on the continuous flow of resources, information, and
knowledge. However, despite the global interlinkage of human communities, most of these resources
are concentrated in highly urbanized areas that keep relentlessly growing [1]. Changes from natural and
seminatural landscape into urbanized environments have shaped wide urban settlements, characterized
by high population densities and large built areas [2–4]. The dawn of the Fourth Industrial Revolution [5]
has reshaped the structure and functionality of the traditional types of urban settlements through the
emergence of rural depopulation [6], shrinkage of small and medium sized cities [7], and sprawling
pattern developments [8,9].

Resources, goods, jobs, or services are scattered throughout the territory and need to be accessible
for population in exchange for a high effectiveness of urban settlements [10]. Therefore, urban structure
and form should provide appropriate ground for efficient mobility networks, allowing access to various
types of resources. However, in the context of volatile planning system and procedures, the dynamic
of urban structure and form can be unpredictable, affecting the mobility flows within [11].

The constraint of access to the demanded and needed types of resources cause dissatisfaction
among people, that usually lead to local, regional, or global conflicts. The occurrence of these type of
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conflicts are diminished or enhanced by territorial managers and local authorities, through planning
strategies. Most of the conflicts arising within human settlements are rooted in the planning approaches
or the lack of them [12]. Whether we refer to conflicts generated by the association of incompatible
functions [13–16], pollution effects [17], nature conservation actions [18], land ownership [19,20] or
limited accessibility levels [21], they are all directly or indirectly rooted in the planning systems.

In this study we bring into spotlight the conflicts induced by the design of the transportation
network. Ganciu et al. [22] emphasize that services distribution in a territory generates daily
commuting flows, significantly influencing the territory’s development patterns, causing congestions
and discomfort in large areas. Within the context of rapidly urban expansion, Zhao [23] points out
that a fundamental aspect of planning policies must take into account that urban growth management
should be efficiently implemented to facilitate changes in the urban form for the sake of sustainable and
qualitative transport networks’ development. Many studies have focused on the public transportation
system, emphasizing how it can strongly contribute to the sustainability of urban settings [10,24]. The
concerns regarding public transportation are relevant, as more urban environments are overcrowded,
and distances are getting wider in terms of travel time [25]. The shape, density and growth of a
transportation network determine changes in property values [26–28], exposure levels to air and noise
pollution [24,29], accessibility degree to private or public services [30,31], or sprawling patterns [21,32].
Thus, the design of the mobility networks within human settlements can influence their livability
levels, unfunctional networks conducting to public anger and eventually to planning-based conflicts.

Transportation efficiency is dependent on the settlement’s structure and shape. Policy makers
have tried to establish the perfect mean of governance for the spreading urban settlements. Available
land, as well as undisturbed environmental quality are vital assets for overcrowded cities [11]. To
reach these assets, metropolitan zones were set around major cities. The most common structure
of a metropolitan zones consists of a polarizing city surrounded by polarized settlements, such as
medium or small sized cities and rural areas [3]. However, some metropolitan zones can expose
polycentric patterns, where there are more than one polarizing urban core [22]. In Europe, the term
for such urbanized clusters was established by the European Union in collaboration with the OECD
as metropolitan areas, represented by functional urban areas (FUA), consisting of a city with its
commuting zone, counting a minimum of 250,000 inhabitants [33]. The metropolitan structures are
supposed to be based on symbiotic relations between the urban cores and the hinterland, in which
each side provides the required resources for the other (e.g., jobs, higher quality services or access to
the markets for the settlements in the hinterland and available land, improved environmental quality
or leisure areas for the city core). The evolution and decay of human settlements have been always
linked with the transportation networks, as most modern cities have flourished due to their position on
strategic transportation routes. Therefore, metropolitan functionality is relying on the uninterrupted
flux and exchanges between its components [33,34].

Through this study we aim to assess if the transportation planning strategies may lead to
planning-based conflicts within metropolitan areas. In reaching our goal we have designed a
methodological framework to help us assess the potential conflict occurrence due to transportation
infrastructure planning in Romanian metropolitan areas. Within the methodological framework
we proposed several tools for (1) analyzing the current situation of the metropolitan transportation
networks; (2) assessing the level of collaboration between different actors from different levels for
enhancing the accessibility towards private and public services; and (3) assessing the political stability
degree within the metropolitan areas.

2. Materials and Methods

2.1. Case Studies

We analyzed nine metropolitan areas (legally defined as metropolitan zones [35]) from Romania
(Figure 1), covering 5 out of 8 Romania’s development regions (NUTS II level) [36]. The analyzed



Sustainability 2020, 12, 527 3 of 21

metropolitan zones are diverse in terms of area, urbanization, and demographic features (Figure 1 and
Table 1). All the selected metropolitan zones have a share of urban population above 70%, which is to
be expected for this type of territorial administration. However, three out of the nine metropolitan
zones have only one city within their limits, represented by the core urban centers (MZ_1, MZ_2
and MZ_6). The other six metropolitan zones have other urban settlements besides their urban cores
contributing to the share of urban population per metropolitan zone. For instance, MZ_3 Brasov has
another 6 urban areas besides its core city, and it has the higher urban population share. Nevertheless,
we need to emphasize that the share of urban population considers the population living in settlement
recognized as being urban. However, some of these urban areas are profoundly characterized by rural
landscape and rural quality of living. Thus, the share of urban population could be a misleading index
if we view it as projecting the amount of population having access to an urban way of living.
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for the analysis.

As an overview of the economies characterizing the selected metropolitan zones, we compiled a
chart, highlighting the main economic sectors. The presented data are based on the average number of
employees per sector out of the total metropolitan population and the share of enterprises per sector
out of the total official enterprises within the metropolitan zones (Figure 2). The overall situation for
the nine metropolitan zones shows that commercial activities detached as the top economic sector in
terms of employees and enterprises amount. They are by far followed by the manufacture industries in
terms of employees number and by scientific and technical activities in terms of number of registered
businesses. These data emphasize that the metropolitan economies are based on consumption, as the
commercial sector along with the restaurant and hotel activities sum 34.37% of the total business taking
place in the selected metropolitan areas, while the production activities such as different industries and
agriculture sum only 12.26%.
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Table 1. General characteristics of the selected metropolitan zones as case studies for the analysis.

Name
Area
(km2)

No of
Settlements Population (2019) Establishment

Year
Share of Urban
Population [%]

Rural Urban Rural Urban

Ias, i (MZ_1) 1184.67 19 1 144,712 378,954 2004 72.37
Oradea (MZ_2) 749.49 11 1 52,737 221,407 2005 80.76
Bras, ov (MZ_3) 1693.18 11 7 70,289 408,011 2005 85.30

Târgu Mures, (MZ_4) 656.19 12 2 68,530 155,404 2006 69.40
Constant,a (MZ_5) 1110.28 10 6 89,311 401,797 2007 81.81

Cluj Napoca (MZ_6) 1740.56 19 1 113,788 324,960 2008 74.07
Craiova (MZ_7) 1512.16 21 3 64,099 327,628 2009 83.64
Botos, ani (MZ_8) 526.70 7 2 36,190 125,661 2011 77.64

Baia Mare (MZ_9) 1399.94 13 6 49,917 193,714 2012 79.51
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Romanian metropolitan zones have their legal bases within Law 351/2011 and Law 190/2019 [35,37]
in which the metropolitan zones are considered to contribute to the balanced development of
the Romanian capital and the cities ranked I and II. The metropolitan zones should enhance the
complementarities between the members and the decision makers interested in developing the territory.
Legal acts emphasize that for the establishment of metropolitan zones, they should include the
polarizing city and the settlements in its commuting areas, within a limit of 30 km. This legal provision
is slightly ambiguous and can lead to diverse interpretation, as the 30 km limits is not explained how is
calculated (it can be the distance between the core urban area and the residency settlements of the
other administrative units within the metropolitan area). Romanian administrative units, especially
rural ones, are consisted of several distinct settlements or villages, some of them being remote and
difficult to reach. Furthermore, it is not clear if this distance relates with ground distances, it is based
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on the existing transport infrastructure, or it represents the distances in straight line. This regulation
flaw may lead to malfunctions within the metropolitan area. Therefore, transportation infrastructure
is an important feature to be considered when analyzing metropolitan functionality as accessibility
towards private and public services is a key aspect for sustainable metropolitan planning.

2.2. Analyzing the Status of the Metropolitan Transportation Network

Determining the status of the transportation infrastructure in the selected metropolitan zones is a
major objective of our analysis. By doing this, we identify potential issues that the metropolitan zones
can have in terms of accessibility. Through our analysis we developed three indexes to help us assess
the mobility design of the metropolitan zones: Transportation Infrastructure Complexity Index (TIC),
Sustainability of Transportation Infrastructure Index (STI), and Public Transport Coverage Index (PTC).

2.2.1. Assessing the Complexity of Transportation Infrastructure

We used the road and railway data from Open Street Map (OSM) and we reclassified the default
types based on their representation in the terrain, resulting seven classes for road infrastructure and
two classes for railways (Table 2). As the OSM is not an official recognized database regarding transport
infrastructures, we cross checked the OSM shapefiles with aerial imagery and the base-map of the
Romanian road networks. We included a multiplication factor (s) for each of the resulting classes,
calculated based on the maximum speed limit that these transportation infrastructures are suited for.

Table 2. Reclassification of Open Street Map (OSM) types of transportation.

Classes Used in the Study OSM Classification Legal Speed Limit Multiplication Factor (s)

Cycleway Cycleway 15 km/h * 3.00

Footway Footway; Pedestrian;
Path; Track 5 km/h * 2.00

Accessway Living-street; Residential;
Road; Unclassified 30 km/h 4.00

Motorway Motorway 130 km/h 9.00
Mainway Primary; Trunk 100 km/h 8.00

Regional road Secondary 70 km/h 7.00
Local road Tertiary 50 km/h 6.00

Railway Rail 70 km/h 7.00
Tramway Tram 40 km/h 5.00

* Average speed.

After the reclassification, we calculated the Transportation Infrastructure Complexity Index (TIC)
for each territorial administrative unit (TAU) within each metropolitan zone selected for our study,
using the following proposed formula (formula (1)):

TIC =

∑(
Ltn×stn

Til

)
Nt

+ (Nt −Nlt) (1)

where:

Ltn = the length of the infrastructure type n within the territorial administrative unit (TAU);
stn = the multiplication factor s for the infrastructure type tn (see Table 2);
Til = total transport infrastructure length within the territorial administrative unit (TAU);
Nt = number of infrastructure types, in our case Nt = 9, as we have 9 infrastructure types
after reclassification;
Nlt = number of lacking infrastructure types within the territorial administrative unit (TAU).
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By applying formula 1, the result will be a float number where the integer value will range from 1
to 9. If the integer is higher, it means that the TAU has more types of transport infrastructures and if
the decimals are higher it means that the TAU has a considerable length of transport infrastructures
suited for high speed travels (e.g., TIC = 4.62 means the TAU has 4 types of transport infrastructure
and a slightly long transportation network suited for high speed travels).

2.2.2. Assessing the Sustainability of the Transportation Infrastructure

We considered as sustainable the transportation infrastructure designated for travels without
using fossil-based fuels. Thus, starting from the reclassification of the OSM types presented above, we
considered as sustainable infrastructure type the cycleways, footways, railways and tramways. For a
quantitative approach we proposed an index to quantify the sustainability degree of the transportation
infrastructure of each TAU within the selected metropolitan zones. For more accurate results we
established a division factor (d) for the cycleways (dcw = 2) and footways (dfw = 3). These division
factors were established based on the average speed used for motion on these infrastructure types.
Therefore, the Sustainability of Transport Infrastructure Index (STI) was calculated using the following
proposed formula (formula (2)):

STI =

⌊(
Cw
dCw

)
+

(
Fw
dFw

)
+ Rw + Tw

⌋
Aw + Mtw + Mw + Rr + Lr

(2)

where:

Cw, Fw, Rw, Tw = the length of cycleways, footways, railways and tramways within the territorial
administrative unit (TAU);
dCw and dFw = the division factor for cycleways, respectively footways;
Aw, Mtw, Mw, Rr, Lr = the length of accessways, motorways, mainways, regional roads and local roads
within the territorial administrative unit (TAU).

STI values usually range between 0 and 1, smaller values meaning a less sustainable transportation
network and values closer to 1 indicate higher sustainability of the transportation network. Of course,
STI can exceed the value of 1, in this case, meaning that the length of the transportation infrastructure
designed for non-polluting vehicles is higher than the length of the traditional transportation
infrastructure. However, this situation may occur in a few situations and mainly in small cities.

2.2.3. Assessing the Passenger Transportation Coverage Degree within the Metropolitan Areas

For completing the analysis regarding the current status of the mobility networks, we looked at
the passenger transportation system from the selected metropolitan zones as it is one of the key features
ensuring livability in metropolitan areas. We focused only at the on-road passenger transportation
network, connecting the metropolitan members. We compiled a database using the bus routes linking
all the metropolitan settlements. As raw data we used the number of travels from one member
to another. We have extracted the data from the national web platform of private transportation
operators [38]. This is the most used platform by commuters as there is no other alternative for
commuting since there are no longer state-owned, on-road transportation operators in Romania. After
completing the database, we used a network analysis using UCINET [39] to evaluate the complexity of
public transportation network for each analyzed metropolitan zone. We have made matrices including
every metropolitan member for each of the nine selected metropolitan zones and introduces the number
of travels from one member to another per day.

Next, we used the data resulted from the social network analysis to compile the Passenger
Transport Coverage Index (PTC), calculated as follows (formula (3)):

PTC =

(
CTAU

TTAU

)
·ND (3)
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where:

CTAU = Number of territorial administrative units (TAU) included in the private transportation network;
TTAU = Total territorial administrative units (TAU) included in the metropolitan zone (MZ);
ND = net density value resulted from the social network analysis.

The proposed index records values ranging from 0 to 1, PTC values equal to 1 meaning that all the
metropolitan members are included in the transportation operators’ network, thus all inhabitants are
exposed to higher mobility levels within the metropolitan zones. Lower PTC values (PTC < 1) reflect
that some settlements included in the metropolitan zones are skipped by the transportation operators
and are subject to the usage of private cars or hitchhiking to reach the existing network. Unlike the
other two proposed indexes which were calculated at a TAU level, PTC is calculated at a metropolitan
zone level.

We have focused our attention on this mean of public transportation as it is the most popular
throughout the country and because the alternative is provided by train transportation which, within
the selected metropolitan zones, have a very poor developed network. Data provided in Table 3, show
that there is an average of 2.63 metropolitan settlement for 1 train station, out of the total train stations
within the metropolitan zones and an average of 6.80 metropolitan settlements for 1 main station, in
which all types of passenger trains stop. If we are to calculate the density of train station per 10 km2,
the results will show that there is an overall average density of 0.069 train stations/10 km2 and an
average density of 0.025 main train stations/10 km2 for all the selected metropolitan zones. Thus,
the low coverage of the railroad networks made the private passenger road-transportation operators
flourish, becoming the most popular inter-urban mean of public transport.

Table 3. The density of train station per 10 km2 within the selected metropolitan zones and the number
of settlements connected to one train station per metropolitan zone.

Train Stations Train Stations
Density per 10 km2

Train Stations per Number of
Settlements

Total Stations * Stops ** Total Stations Stops Total Stations Stops

MZ_1 8 2 6 0.068 0.017 0.051 2.50 10.00 3.33
MZ_2 7 2 5 0.093 0.027 0.067 1.71 6.00 2.40
MZ_3 13 6 7 0.077 0.035 0.041 1.38 3.00 2.57
MZ_4 4 2 2 0.061 0.030 0.030 3.50 7.00 7.00
MZ_5 14 4 10 0.126 0.036 0.090 1.14 4.00 1.60
MZ_6 10 3 7 0.057 0.017 0.040 2.00 6.67 2.86
MZ_7 11 4 7 0.073 0.026 0.046 2.18 6.00 3.43
MZ_8 2 1 1 0.038 0.019 0.019 4.50 9.00 9.00
MZ_9 4 2 2 0.029 0.014 0.014 4.75 9.50 9.50

* Stations in which all type of passenger trains stop; ** Stations in which only local and regional trains stop.

2.3. Assessing the Collaboration Degree between Actors for Enhancing the Metropolitan Mobility Levels

Planning a sustainable metropolitan mobility network requires the appliance of participatory
planning principles and the involvement of different actors that are the direct or indirect beneficiaries
of the transportation network. Therefore, we have conducted an analysis in which we assessed if
actors from different levels are collaborating to enhance the accessibility towards the transportation
network of the metropolitan residents and if this aspect represents a priority in their collaboration.
For this analysis we applied a survey to the local authorities (city and town halls) within the selected
metropolitan zones in which we assessed if they collaborate with one another and with other actors
from the private sector or from regional and national levels (Table S1) to enhance the accessibility
levels of the population towards 12 public and private services, including transportation. The survey
was sent via e-mail, mail and in-person to all the 152 town halls from the selected metropolitan zones.
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The survey had attached a note in which it was stated that it complies the European and national
regulations on personal data processing, and had attached an official request of data, as it is stipulated
in Law 544/2001 [40]. In this way the public authorities are obliged to provide an answer to your
request within 30 working days. After validating the received answers, the resulting database was
used to create matrices for the two-mode networks investigated [41], where the nodes are the services
(i.e., cultural, leisure, green spaces, waste management, transport, education, health, security etc.) and
the actors (see Table S1) that collaborate to improve the accessibility towards these services. For the
resulted networks, we calculated the cohesion measures and the centrality metrics [42] to identify the
collaboration patterns of the network structure.

We focused on determining the position of transportation issues within the collaboration network
and to determine if, based on the social network analysis, the governance of the metropolitan zones
is centralized, decentralized or balanced. For doing that we used the Eigenvector Centrality values
resulted from the network analysis, which shows the node’s influence by counting the number of
links it has to other nodes within the network, and takes into account how well connected the specific
node is and how many links their connection have. Thus, using this centrality metric we were able
to determine how many actors collaborate on the metropolitan transportation issues and especially
their influence in the collaborative process. Furthermore, we could determine what type of actors and
from what levels are more involved in collaborations regarding the accessibility improvement of the
metropolitan population towards several private and public services.

The results of this assessment include the overall situation of the selected metropolitan zones.
Thus, they apply to each of the metropolitan zones.

2.4. Establishing Political Stability within the Metropolitan Zones

Metropolitan governance, including mobility network planning, is strongly dependent on the
policy makers who are represented by mayors, elected by the population. Therefore, the final step
before establishing the potential conflict occurrence within metropolitan zones was to evaluate the
political stability within the selected case study areas. For doing that, we used the databases provided
by the Elections Permanent Authority (AEP) and extracted data regarding the persons and political
parties that won the local election since 2004 [43]. We monitored the period between 2004 and 2019,
summing four election (in 2004, 2008, 2012 and 2016).

Using the resulting database, we processed the data and calculated the Political Stability Index
(PSI), based on the number of times an individual was elected as mayor and the number of times a
specific party was represented by the elected mayor. The proposed main algorithm of calculating PSI
is (formula (4)):

PSI =

Np × pc
Ne
Ni

 (4)

where:

Np = number of parties represented by the elected mayor throughout the analyzed period (15 years—4
election times);
pc = party coefficient p, established as follows:

1 party wining in 4 election times: pc = 2.5;
2 parties winning in 4 election times: pc = 5;
3 parties winning in 4 election times: pc = 7.5;
4 parties winning in 4 election times: pc = 10;

Ne = number of elections held in the analyzed period
Ni = number of individuals elected for mayor during the analyzed period.
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However, we identified situations in which the number of individuals elected as mayor (Ni) was
smaller than the number of political parties represented by the elected mayor (Np), and in this case
it meant that an individual switched from one party to another in order to increase his/her chances
of winning the elections. This case was tagged as an opportunistic political behavior and PSI was
calculated as follows (formula (5)):

PSINi<Np =

Np ∗ pc
Ne
Ni

+ (
Np −Ni

)
(5)

By using formula (5), the PSI values for our case studies are rigid, each possible scenario projecting
its specific PSI value. PSI was calculated for each TAU within the metropolitan zones and its values
were interpreted according to the scale emphasized in Table 4.

Table 4. Interpretation framework for the Political Stability Index (PSI) values for the period between
2004 and 2016, including four election times.

PSI Value Opportunistic
Political Behavior

Individuals in
Office Wining Parties Interpretation

0.63 no 1 1

stability

1.25 no 2 1
1.88 no 3 1
2.50 no 4 1
3.50 yes 1 2
5.00 no 2 2
7.50 no 3 2
7.63 yes 1 3
10.00 no 4 2
12.25 yes 2 3
13.00 yes 1 4

16.88 no 3 3
relative stability22.00 yes 2 4

22.50 no 4 3

31.00 yes 3 4 instability
40.00 no 4 4

2.5. Assessment Framework for Establishing the Potential Conflict Occurrence within the Metropolitan Zones

The scope of our study was to determine the degree in which the mobility issues can conduct
to planning based conflicts in metropolitan zones. Thus, we developed an assessment framework in
which we compiled our results and established the potential conflict occurrence in each of the nine
selected metropolitan zones using a three-level interpretation scale where 1 = low potential of conflict
occurrence; 2 = medium potential of conflict occurrence; 3 = high potential of conflict occurrence
(Table 5).

Table 5. Framework for determining the potential conflict occurrence in metropolitan zones due to
transportation issues.

Potential Conflict
Occurrence TIC STI PTC Collaboration

Level Priority PSI

Low (1) >6.6 >0.66 >0.66 decentralized >66.6 % <13.33
Medium (2) 3.3–6.6 0.33–0.66 0.33–0.66 balanced 33.3–66.6% 13.3–26.6

High (3) <3.3 <0.33 <0.33 centralized <33.3% >26.6
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The established framework was used for each of the nine metropolitan zones, where the only
constant values were the ones referring to collaboration level and priority of transportation issues in
the collaboration network.

3. Results

3.1. Existing Status of the Metropolitan Transportation Network

After calculating the Transportation Infrastructure Complexity Index (TIC) for each administrative
unit within the selected metropolitan zones, we averaged the values to project the situation for the
entire metropolitan zones. The results show that eight metropolitan zones have TIC values projecting
a medium complexity level of their existing transport infrastructure type, while one metropolitan zone
(MZ_5—Constant,a) has a high complexity of infrastructure types (Figure 3). TIC values could be also
spatially represented for each administrative unit, showing that MZ_1—Ias, i and MZ_3—Bras, ov have
one member with low complexity of transport infrastructures (Figure S1).
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The second calculated index for establishing the current transportation network status was the
Sustainability of Transport Infrastructure (STI). Again, the index was calculated for each administrative
unit within the metropolitan zones and the values were averaged to project the situation at a
metropolitan level. In this case, the results show that there is not a similar pattern across the selected
metropolitan zones. Three metropolitan zones are characterized by low sustainability levels of the
transport infrastructure network (MZ_4—Târgu-Mures, ; MZ_8—Botos, ani, and MZ_9— Baia-Mare)
and one metropolitan zone recorded a STI value that projects its transport network as more sustainable
(MZ_2—Oradea). All other five metropolitan zones have STI values showing an average degree
of transport network sustainability (Figure 4). STI values were also mapped for each metropolitan
member, as in the case of TIC. It interesting to observe the situation of the core urban settlement of
each metropolitan zones. The case of MZ_2—Oradea, which is the only metropolitan zone with a STI
value showing a higher sustainability of the transportation network, is one to focus on, as its core city
recorded a STI value revealing an unsustainable transportation infrastructure (Figure S2).
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Moving forward, we calculated the cohesion measures for each metropolitan zone taking into
consideration one-mode networks that envisage how each metropolitan member is connected at the
passenger transportation network of private operators within each case study area. The results of
the cohesion metrics are emphasized in Table 6 showing the cohesion measures for each transport
metropolitan zone. It can be noticed that MZ_9 has the highest average degree, showing a larger
connectivity between the different areas of the metropolitan zone, while the others have less than
3 average degree. This fact is confirmed also by the network density values, which show that 43% of
all the possible ties are present in the MZ_9 case, although MZ_7 has the highest number of localities
within the metropolitan zone, followed by MZ_6, and MZ_5 and MZ_1. These results were plotted
for each metropolitan zone for visually emphasizing the complexity of the passenger transportation
network within each metropolitan zone (Figure S3).

Table 6. Network cohesion metrics on the passenger transportation network for the selected
metropolitan zones; the values have been normalized.

MZ_1 MZ_2 MZ_3 MZ_4 MZ_5 MZ_6 MZ_7 MZ_8 MZ_9

Av. Degree 1.40 2.00 2.78 1.57 2.14 1.90 1.22 2.22 7.68
Deg. Centralization 0.74 0.44 0.88 0.58 0.71 0.65 0.49 0.29 0.27

Out-Central 0.70 0.40 0.82 0.53 0.65 0.62 0.47 0.25 0.25
In-Central 0.70 0.40 0.82 0.53 0.65 0.62 0.47 0.25 0.25

Density 0.07 0.18 0.16 0.12 0.17 0.10 0.06 0.28 0.43
Components 6.00 6.00 2.00 6.00 3.00 7.00 12.00 5.00 7.00

Connectedness 0.55 0.32 0.89 0.40 0.73 0.48 0.26 0.28 0.46
Fragmentation 0.45 0.68 0.11 0.60 0.28 0.52 0.74 0.72 0.54
Avg Distance 1.87 1.43 1.82 1.69 1.89 1.79 1.79 1.00 1.06

Diameter 2.00 2.00 2.00 2.00 3.00 2.00 2.00 1.00 2.00

As we mentioned in the Materials and Methods section, we compiled an index revealing the
Passenger Transportation Cover (PTC) using the net density values from the social network analysis.
The results revealed that all metropolitan zone have a poor passenger transportation network, none of
the PTC values being placed above the low PTC threshold (Figure 5).
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3.2. Collaboration Degree between Actors for Enhancing the Metropolitan Mobility Levels

We have recorded a survey answer rate of 23.68%, (meaning 36 out of 152 town halls took part at
the survey). In the beginning of the study we aimed in reaching an answer rate of at least 30%. Despite
the fact that we have waited for five months, time in which we have sent one reminder, only one town
hall sent back a refusal to complete the survey, arguing that the institution doesn’t own the information
we require, even though we have required a perception. From the other 115 town halls, not answering
to our request we have not received any motivation for doing so, despite de legal bound to provide an
answer within a 30 working days period. However, we used the received answer and moved on with
the analysis.

The social network analysis results show that, according to the local authorities’ answers,
metropolitan transportation issues are placed in a central position within the collaboration network
between different actors from different levels (Figure 6). Furthermore, the collaboration for metropolitan
issues is established mainly between local actors, followed by regional, private and national actors,
meaning a decentralized approach in metropolitan management.

The network analysis was based on the response given by 30% of the total local authorities from
the nine metropolitan zones. For a better understanding of the importance given by the actors to
metropolitan transportation issues, we calculated Eigenvector Centrality for each of the public or
private services being subject to the survey, and presented the results using a Pareto plot (Figure 7).
The results show that transportation issues are included in the collaboration of more than 80% of the
actors mentioned in the survey, meaning that this issue is among the priorities of the metropolitan
governing actors.
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3.3. Political Stability within the Metropolitan Zones

The political stability assessment within the metropolitan zones was estimated using Political
Stability Index (PSI). The index was calculated for each administrative unit and by averaging the results
at a metropolitan level we were able to provide an overview for each of the nine metropolitan zones.
The results revealed that all analyzed metropolitan zones are characterized by strong political stability
(Figure 8), meaning that political turmoil couldn’t affect the development of transport infrastructure
within the metropolitan zones. For a more detailed representation of the PSI results, we mapped the
values for each metropolitan zone (Figure S4). The results show that MZ_1 and MZ_7 have members
characterized by opportunistic political behavior. This can be interpreted as a lack of political principles
in policy making, but on the other hand it represents a strong trust of the voters in individuals, as
they reconfirmed them in the mayor position. Another interesting aspect is that MZ_6 and MZ_8
have each one a member characterized by political instability, meaning that those members could be
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untrustworthy when developing the planning strategies for the metropolitan zone. These situations
could also be explained through a lack of confidence from the local population towards their governing
leaders, meaning that those individuals have failed to fulfill their demands and needs.
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3.4. Potential Conflict Occurrence within the Metropolitan Zones

After compiling all results, we were able to establish whether there is reasonable evidence that
a transportation planning-based conflict can occur within the selected metropolitan zones. Results
show that all metropolitan zones have an average potential of conflict occurrence rooted in the
mobility network design (Table 7). The youngest metropolitan areas, MZ_8 and MZ_9 are recording
high potential of conflict occurrence based on their transportation network issues. This could be
considered a normal score given the fact that the metropolitan status is relatively young and once
the proper management mechanism is put in motion the scores may decrease. However, a different
explanation applies for MZ_4, which has a metropolitan status since 2006, and the management
mechanism should have been functional and able to improve the transportation network design within
the metropolitan zone.

Table 7. Overall results for the nine metropolitan zones and the associated potential conflict
occurrence scores.

MZ
Potential Conflict Occurrence According to: Ovrl.

Score
TIC Score STI Score PTC Score Priority Score Collab.

lvl. Score PSI Score

MZ_1 4.89 2.00 0.57 2.00 0.06 3.00 <33.3% 1.00 decentr. 1.00 5.74 1.00 1.67
MZ_2 5.43 2.00 0.87 1.00 0.11 3.00 <33.3% 1.00 decentr. 1.00 2.81 1.00 1.50
MZ_3 5.67 2.00 0.48 2.00 0.15 3.00 <33.3% 1.00 decentr. 1.00 5.81 1.00 1.67
MZ_4 5.31 2.00 0.30 3.00 0.08 3.00 <33.3% 1.00 decentr. 1.00 2.71 1.00 1.83
MZ_5 6.79 1.00 0.48 2.00 0.14 3.00 <33.3% 1.00 decentr. 1.00 5.56 1.00 1.50
MZ_6 5.77 2.00 0.37 2.00 0.07 3.00 <33.3% 1.00 decentr. 1.00 5.26 1.00 1.67
MZ_7 5.29 2.00 0.43 2.00 0.03 3.00 <33.3% 1.00 decentr. 1.00 5.60 1.00 1.67
MZ_8 5.84 2.00 0.14 3.00 0.15 3.00 <33.3% 1.00 decentr. 1.00 8.65 1.00 1.83
MZ_9 5.39 2.00 0.32 3.00 0.29 3.00 <33.3% 1.00 decentr. 1.00 7.71 1.00 1.83

4. Discussion

The main outcome of our study consists of the proposed methodological framework used to
determine the potential conflict occurrence generated by the mobility networks within metropolitan
areas. Comparing with other methodological frameworks used to assess the transportation networks,
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the one proposed through this study has a modular characteristic, meaning that every single analysis
tool can be extracted and integrated into other methodological approaches. The current study provides
a quantitative analysis alternative to potential conflict assessments using qualitative and sociological
methods [44].

Transportation infrastructure complexity was assessed as multiple motion types provide
alternatives in terms of speed or mean of travel for the users. However, a high complexity of
transport infrastructure doesn’t imply an efficient mobility network design. Different types of
transport infrastructure should be complementary, not exclusive for designing an effective network [45].
Nit,ă et al. [46] conducted an assessment regarding the cycleways design in Bucharest concluding that it
is not enough to design an infrastructure type, but it should also determine an increase of connectivity
within the networks. This means that an effective planning of transportation networks should consider,
besides infrastructure’s typology, what functions or structures it connects.

Studies focused on transport infrastructure rarely address the issue of complexity, being more
interested in efficiency evaluation. However, for the Romanian situation the complexity of the transport
infrastructure is a thorny subject as the European Commission has placed Romania last in the 2018
ranking of road quality and among the last three countries in the same years ranking regarding the
efficiency of train services [47]. Additionally, Bulai and Ursu [48] emphasized that low road quality
affects travel costs in Romania, while Shepherd and Wilson [49] emphasized that the economies from
Albania, Hungary, and Romania are strongly deprived of economic growth due to poor transportation
networks. The low complexity of transportation infrastructure, especially the lack of motorways
became the subject of national level conflicts, springing in February 2019 when a local businessman
from the Romanian historical region of Moldova protested against the politicians that ruled the country
since the fall of communism, as they had failed to initiate any project of motorway construction in
this part of the country. The peculiar way of the businessman’s choice of protest, by constructing one
meter of motorway using his own money launched a national protest movement under the slogan
#S, Îeu, which was rapidly spread through social media and transformed in a national protest against
the Government in office at that time. National and foreign companies, as well as other politicians,
including the President of the Republic manifested their support for the protesters [50,51]. Thus, as our
results have showed, the analyzed metropolitan areas are characterized by an average complexity of
transport infrastructure, but our assessment has not included quality indicators of the infrastructures.
However, our results emphasize that, at least at metropolitan levels, the transportation infrastructures
are not completely missing, and they need further refurbishment and development.

Studies of other researchers addressing the issue of mobility networks within urbanized settlements
have analyzed the sustainability levels of the transport infrastructure. Kołoś and Taczanowski [29]
highlighted that the increasingly negative effects of car usage are fast creating a need for a means
of public transport that is not only separated from street traffic, but that it is also effective and
environmentally friendly, proposing light rail transportation as such an alternative. While developing
our Sustainability Transport Infrastructure Index (STI) we considered railways and tramways as the
most sustainable types of transport infrastructure and designed the formula to be able to emphasize
the amount of these types of infrastructures within the metropolitan settlements. Besides a low
environmental impact generated by the users of such infrastructure, Cloutier et al. [52] state that
alternative transportation can enhance the happiness levels of a community. Our results suggested that
some Romanian metropolitan zones failed to record satisfying STI values, meaning that their residents
are forced to use traditional means of transportation, which according to Cloutier et al. decrease
the quality of life levels. This proved to be another useful tool to assess whether the metropolitan
transportation network can represent a source of dissatisfaction, further generating potential conflicts.
These assumptions are also endorsed by Alonso Raposo et al. [53] and the European Commission [54]
by establishing their goals on developing a fully sustainable mobility network by decreasing the oil
consumption for transportation at EU levels. If the current reality doesn’t change, then it can project a
potential institutional conflict between EU and Romanian national bodies.
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Public transportation coverage is a hot topic, covered by many research studies. Scholars have
proposed various way for assessing the public transportation coverage, including data related to
time distance [55], accessibility towards public transportation [10,55] or accessibility of residential
areas to roads [56]. The Public Transportation Coverage Index (PTC) proposed in this study uses
as input data the amount of metropolitan settlements included in the public transportation network
and the density of the passenger transportation network within the metropolitan zones, which is in
accordance with other similar approaches. More detailed calculations are hard to be compiled as
the interurban passenger transportation system in Romania is exclusively private and there are a
multitude of operators in this sector which makes it hard to access any statistics regarding the number
of passengers, rush ours or precise timetables. Another shortcoming in developing more complex
formulas to calculate the coverage of interurban passenger transportation is due to the fact that there
are transportation operators which are not registered in any data base or online platform, thus are
completely missing from the statistics, even though they operate as passenger transporters in field. By
using the official data provided by the verified private passenger transporters, our results showed that
there is at least one metropolitan settlement not covered by the passenger transport network. PTC
results for all nine metropolitan zones were under the minimum coverage threshold. This means that
all metropolitan zones being subject to our study have at least one administrative unit not being linked
to the passenger transportation network. Thus, parts of the metropolitan population must drive their
personal cars, walk, or hitchhike to reach the existing passenger transportation networks.

If we cross-check our results with the ones presented in the study of Man et al. [57] regarding
the accessibility of Romanian settlements towards the major urban areas, we should consider that the
hinterland of the analyzed metropolitan zones is poorly connected to their urban core. Additionally,
the passenger transportation network design for all nine metropolitan zones emphasize that, except
the situation of MZ_9, all passengers from the settlements placed in the hinterland of the metropolitan
zones have to pass through the urban core to reach other settlements within the same metropolitan zone.

Assessments of the collaboration degree of different actors have proved to be a useful approach
in analyzing the flows of knowledge in developing planning strategies and in the decision-making
process. Social network analysis was used in various studies leading to valuable information about the
governance of natural protected areas [58–60] or urban settings [61]. The network analysis used in our
study revealed that enhancing the accessibility of metropolitan residents towards the transportation
network is among the top priorities of different stakeholders and public institutions. These results
are encouraging as the European authorities put a high price on mobility improvements at the EU
level [25,54]. Angel and Blei [62] emphasize that focusing on developing the mobility levels and
shortening the commuting time within the metropolitan areas, by planning effective transportation
networks will increase the productivity of the cities, otherwise the metropolitan areas are at risk to
become unfunctional, determining a decrease in cities’ productivity and quality of life, as revealed by
the study of García-Palomares [63]. Thus, our results show that institutional and private stakeholders
are working together to address the issue of mobility in the metropolitan zones, meaning that they
acknowledge the importance of this issue.

Another important aspect of our analysis was whether the collaboration regarding metropolitan
management and development is made using a decentralized or centralized approach. Researchers
opinion differ on this subject based on the political system in which they professionally developed,
and it is hard to provide an unbiased perspective over this subject. There are studies considering that
a centralized approach of metropolitan management leads to malfunction as central authorities are
not familiar with the specific issues occurring at regional level [64] and there are studies emphasizing
the benefits of centralized management of metropolitan zones, as the central Government has the
overall picture of the territorial planning and can enhance further developments [65]. We have
opted to consider that a decentralized approach of metropolitan management is more suited for the
Romanian context and the results have shown that there are stronger links of collaboration between
local authorities and regional or private actors.
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Although apparently not related with the metropolitan transport network design, political stability
represents a driving force of development. Political influence over the metropolitan development is
acknowledged by Vojnovic [66] and this influence may adopt a sustainable approach or not, based
on how rich the metropolitan areas are, as emphasized by the author. On the other hand, the study
of Greasley et al. [67] regarding the influence of local governing bodies over urban development
contradicts the findings of Vojnovic and others, in which the local authorities play a significant role
in establishing the urban planning direction. However, the authors concluded that their study is
contradicting most of the researches, stating that this might be the situation for the British urban areas.
Thus, if local politicians are important in metropolitan development, political instability can halt the
progress of the region. Additionally, permanent changes of the community leaders reveal a high degree
of unsatisfaction in regard with how the community is led. Our results show that all our case studies
are characterized by high political stability rates, following the calculation of the Political Stability
Index (PSI). This is also a positive result, as political turmoil can’t interfere in the process of the effective
planning of metropolitan transportation network, high political stability being also an indicator of
people’s agreement with the ways their communities are managed, preventing the manifestation of
future conflicts.

There are several limitations of our methodological approach that need to be clarified in this study.
The first one is related with the raw data used to develop the proposed indexes. We used data provided
by public institutions or self-generated data using GIS techniques (e.g., the length of infrastructures in
the metropolitan areas). Self-generated data may be sometimes subject to error occurrence. Romanian
institutions managing transport infrastructures are not providing any GIS data to the public, thus
we used a private database (OSM) to compile our results. As we have mentioned in the methods
section we have cross-checked and refined this database with aerial imagery and official transportation
maps to decrease the error levels, leading to misinterpretations. However, the level of accuracy of our
indexes might not be perfect, but they can still provide an accurate image of the current state of the
mobility networks within the metropolitan zones.

Another limitation of our study consists of the answer rate we have received for our survey
regarding the collaboration between different actors on metropolitan issues. We have failed to reach
the minimum target of 30%. However, we moved forward an presented the results as a methodological
demonstration. Better answer rates are required for more accurate results, but our experience have
once again emphasized the lack of dialog between the scientific community and the policy makers
in Romania.

5. Conclusions

The proposed methodological approach and the resulting outcomes may provide an integrative
oversight of the metropolitan situation in Romania for practitioners and decision makers, helping them
to properly assess the hotspots of planning-based conflict occurrence. With further improvements,
mainly regarding the input data, the proposed indexes can be transferred and used within feasibility
studies. Using more quantitative data, with the capability to be spatially represented will help
establishing sustainable and efficient transportation networks. The use of quantitative methods will
help moving a step forward, from establishing an existing issue to determining how big the issue is,
which are the negative outcomes and who is affected by them.

Overall, the results projecting the potential conflict occurrence within the selected metropolitan
zones reveal that Romanian metropolitan planning was artificially promoted through regulations
and was swiftly and inadvertently implemented at regional level. Thus, the planning of the
metropolitan zones was made without fully understanding the basic purposes of these ways of
territorial establishments. In this regard, the mobility networks within the metropolitan zones
can trigger planning-based conflicts in the long term as they cannot ensure even and permanent
fluxes of resources, knowledge and information towards all metropolitan members. The proposed
methodological approach and the resulting outcomes may provide an integrative oversight of the
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metropolitan situation in Romania for practitioners and decision makers, helping them to properly
assess the hotspots of planning-based conflict occurrence.
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collaboration network analysis regarding metropolitan management and development.
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