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Evaluating issues and performance of a public 
transport network in a post-communist city using a 
quantitative spatial approach

The urban dynamics in eastern Europe after the fall of 
communism (seen as a consequence of the changes gener-
ated by the transition to a new ideology) have highlighted 
deficiencies in local public services, including the public 
transport system. To identify and illustrate the short-
comings of a public transport system from this region, 
we analysed the transport network of Iaşi  (Romania) 
by taking into consideration various dimensions of ef-
ficiency. Partial indicators were used as input for a geo-
spatial analysis and to create complex indicators, which 
can be used both as tools to measure the performance of 
a public transport network and as instruments to evaluate 

the local administration and decision-makers. The results 
highlight the performance level of the transport network 
analysed, revealing a core-periphery structure (in the con-
text of a polynucleated city) resulting from relics of the 
communist period. A GIS analysis was used to assess the 
efficiency of the public transport network in order to 
identify and visualise strengths and weaknesses in the lo-
cal transport system.
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1 Introduction

Since the  1990s, urban public transport systems in eastern 
Europe have received renewed attention, especially because 
mobility, production and distribution issues are interrelated 
in a complex and changing geographical setting  (Rodrigue 
et  al., 2006). According to a report by the International As-
sociation of Public Transport (UITP; see Internet 1), the ur-
ban public transport systems of eastern Europe countries face 
similar issues determined by poor capacity to adapt to the rapid 
changes in the urban environment resulting from the post-
communist transition. The demographic accumulation under 
the communist regime in eastern European cities was a result of 
forced industrialisation (Hirt, 2013) and increasing workforce 
demands  (Light, 2001). Its impact on cities’ internal dynam-
ics was major (Sykora & Bouzarovski, 2012; Tsenkova, 2014) 
and resulted in intensifying flows and relationships within the 
city (Young & Kaczmarek, 2008). Dominic Stead et al. (2008) 
point out that the extension of the public transport system was 
a needed measure to serve the growing number of residents and 
increasing workforce flows. According to Ivan Tosics  (2005), 
the collapse of communism in 1989–1990 brought about a to-
tally new situation in which profound political and economic 
changes have become a subject of intense reorganisation of 
urban areas  (Stanilov, 2007; Mavromatidis  & Mavromatidi, 
2012). Alain Bertaud  (2006) highlights that the main chal-
lenge was a shift from a monocentric pattern to a polynucleated 
city; thus, the original morphological shape went beyond the 
city’s administrative limits, mainly caused by spill-overs (Couch 
et  al., 2007; Stefanovska  & Koželj, 2012). The first to adapt 
to these new transformations were mostly medium-sized and 
large cities with an industrial profile, which experienced vari-
ous issues such as gentrification (see also Tsietsi Monare et al., 
2014) or higher internal dynamism generated by the new links 
established within and beyond their limits. The economic and 
political transformation also resulted in great changes in the 
transport of goods and people  (Akimov  & Banister, 2011). 
John Pucher and Ralph Buehler  (2005) state that the most 
obvious indicator of this change is the dramatic growth in 
private vehicle ownership and use, which has also contributed 
to the decline of public transport system use (Crass & Short, 
1996). This was also exacerbated by incoherent local planning 
strategies concerning the transport system, which could not 
adapt to the continuously changing city.

Nowadays, measuring and assessing the performance of a pub-
lic transport network have become a rather common approach 
in transport geography. In contrast to most studies  (Golob 
et  al., 1972; Glover, 2011; d’Arcier, 2014), which focus on 
analysing various elements of the transport system – compris-
ing transport infrastructure, vehicles, equipment, function-

ality and management  (Allsop, 2008), which form a set of 
complex relations between demand, the location served and 
the support networks (Rodrigue et al., 2006) – studies focus-
ing on the transport network  (Kasikitwiwat  & Chen, 2005; 
Lu  & Shi, 2007; de Cea  & Malbran, 2008; Chung et  al., 
2009; Ducruet  & Lugo, 2013; Salonen  & Toivonen, 2013) 
have a rather technical approach that is incomprehensible for 
decision-makers on the one hand, and on the other hand is 
limited to network analysis. Traditionally, transport networks 
are studied from a graph theory perspective (Roberts, 1993), 
which is a branch of mathematics proposing concepts and 
measures about the topology of networks considered as sets of 
nodes (vertices) connected by links (edges) (Ducruet & Lugo, 
2013). According to Marc Barthelemy (2010), from a public-
utility point of view, a transport network is a realisation of a 
spatial network, representing a structure that permits vehicular 
movement or the flow of a commodity.

This article evaluates the local public transport network of 
Iaşi, Romania using GIS-based tools that assess the main 
features of an urban network, also taking into consideration 
elements of the transport system (urban fabric, population dis-
tribution) because local decision-makers have become aware 
of the relevance of research in order to adapt to a rapidly 
changing environment. Several objectives create a framework 
for determining whether an urban public transport network 
serves a city in a balanced manner. The first objective, based 
on a literature review, is to create a framework for various pub-
lic transport measurements based on the data available. The 
second objective is to evaluate the current state of the public 
transport network using various indicators. The third objective 
is to determine the role of each public station in the urban 
network according to its proximity in the urban configuration. 
The study uses the urban public transport system of Iaşi as an 
example. Iaşi is a second-tier city (Parkinson et al., 2012) that 
shares similar development features with most eastern Euro-
pean urban settlements. Most studies focus on capital cities, 
which have a more complex transport system, and there are 
few analyses addressing second-tier cities  (where many urban 
residents live). Therefore, this empirical study is representative 
and can be replicated for any eastern European city in this 
category, highlighting a post-communist system’s capacity to 
adapt to urban changes.

2 Theoretical background

As Matthew Karlaftis and Dimitrios Tsamboulas (2012) point 
out, the literature on public transport systems is extensive. 
Analyses have focused both on developing methods for assess-
ing system performance and on using findings to make differ-
ent policy recommendations (Curtis & James, 2004; Pucher & 
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Buehler, 2005; Goldman & Gorham, 2006; Stead et al., 2008; 
Curtis et al., 2010; Camargo Pérez et al., 2015). According to 
Bruno Faivre d’Arcier (2014: 68), performance measurements 
can be classified into three categories:

•	 “productivity measures, focused on efficiency and effec-
tiveness indicator (Sampaio et al., 2008; von Hirschhaus-
en & Cullmann, 2010; Curtis et al., 2010; Eboli & Maz-
zulla, 2012; Karlaftis & Tsamboulas, 2012; Mishra et al., 
2012; Jarbouin et  al., 2012; Sami et  al., 2013; Ayadi  & 
Hammemi, 2013; d’Arcier, 2014; Georgiadis et al., 2014; 
Isabello et al., 2014);

•	 “quality measures  – performance is perceived from the 
rider’s perspective in terms of frequency, reliability, com-
fort, speed, safety and time distance (Eboli & Mazzulla, 
2012; Salonen & Toivonen, 2013);

•	 “impact/availability measures that examine performance 
through indicators like accessibility to jobs or major ac-
tivity centres for special-needs populations (Horak et al., 
2014).”

Jeffrey R. Kenworthy  (2006) states that public transport is 
one of the services that was not entirely able to adapt to a 
liveable city. Passenger transport in large- and medium-sized 
cities mainly relies on the transit system. Bin Yu et al. (2005) 
consider the economy of transit network planning to directly 
influence travel time, passenger transfer rate and overall operat-
ing costs. The effect of the free market together with the low 
quality of public transport generated a high demand for cars. 
Pucher and Buehler (2005) argue that these situations created 
a rollover effect: urban policymakers have to deal with the 
negative consequences (on urban planning, quality of life and 
urban environment) created by this situation  (Hoxha et  al., 
2014). “Instead, strategic planning for public transport has of-
ten been unambitious, with most proposals offering incremen-
tal improvements to the existing radial, monocentric network 
based on demand forecasting rather than future planning in 
the context of meeting policy objectives”  (Curtis  & Scheur-
er, 2012: 2). The intensity of using public transport services 
varies from city to city and it is directly determined by local 
administrative policies, residents’ behaviour, morphological 
factors of settlements, and also competitiveness translated in 
terms of speed, price, access and accessibility (Lei & Church, 
2010) or connectivity to the network. Matthew Karlaftis and 
Patrick McCarthy  (1997) identified a threefold approach to 
public transport systems in urban areas: quality, efficacy and 
efficiency.

Assessing the quality of a public transport system is based on 1) 
passengers’ views of various attributes (frequency, price, vehicle 
characteristics, travel time, etc.), which create a general percep-
tion of the quality of services supplied (Verovšek et al., 2013), 
and 2) the operators that provide these services (Dragu et al., 

2013). Breno Ramos Sampaio et al. (2008) relate efficacy to the 
number of users of public transport in relation to population, 
to the kilometres of routes provided and to the satisfaction 
level, all included in high-quality service for the lowest fare 
possible. Efficacy is one of the principles that guides the man-
agement of a public/private transport operator in cities in east-
ern Europe. Therefore, investments are oriented to acquiring 
high efficacy instead of high quality, resulting in a discrepancy 
between passengers’ expectations and the services provided. 
“Efficiency has long been a critical consideration in both policy 
and operational decisions of public transport operators, and 
public transport efficiency has recently become even more vi-
tal” (Barnum et al., 2011: 1160). The three aspects mentioned 
above create the premises for analysing the performance of a 
transport network. In order to evaluate it, researchers use dif-
ferent methods according to the data available and the aspects 
that are supposed to be highlighted. Many studies use mul-
ticriteria analysis for various purposes. Most studies focus on 
identifying the features of an individual public transport net-
work (de Cea & Malbran, 2008), but there are also studies that 
apply these methods to different networks  (Lu  & Shi, 2007; 
Von Ferber et al., 2009; Scheurer et al., 2011; Karlaftis & Tsam-
boulas, 2012) to compare the results. Of particular interest for 
this article are studies that approach multicriteria analysis in a 
different manner, using factorial analysis  (Karlaftis  & McCa-
rthy, 1997), Spatial Network Analysis for Multimodal Urban 
Transport Systems (SNAMUTS; Curtis et al., 2010; Scheurer 
et  al., 2011; Curtis et  al., 2012; Curtis  & Scheurer, 2012) 
and Data Envelopment Analysis (DEA; von Hirschhausen & 
Cullmann, 2010; Ayadi  & Hammemi, 2013). The literature 
provides a wider variety of methods, but these are the most 
appropriate for the aim and objectives of this study.

One  method used to evaluate the performance of a public 
transport system is DEA. DEA is a measure of the overall ef-
ficiency that uses two different approaches: an “input-oriented 
measure of technical efficiency of public transport network 
and output oriented to judge their effectiveness”  (Ayadi  & 
Hammemi, 2013: 245). Several studies based on this method 
have been conducted to assess the overall performance of a 
public transport system and hence the correlation between 
efficiency and effectiveness  (Fielding et  al., 1985; Chu et  al., 
1992; Viton, 1997; Husain et al., 2000; Karlaftis, 2004). Other 
authors purpose a network analysis based on a graph theory ap-
proach (Sienkiewicz & Hołyst, 2005) as a method for analys-
ing the performance of public transport (Knoppers & Muller, 
1995). “Graphs more or less connected are determined from 
two invariants such as node and line connectivity”  (Mishra 
et al., 2012: 3). These studies usually focus on concepts such 
as centrality  (Crucitti et  al., 2006 ; Strano et  al., 2007), no-
dality, connectivity and accessibility. Sabyasachee Mishra 
et  al.  (2012) have developed a single connectivity index for 
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node, line, transfer centre and region accessibility in order to 
determine the performance of large-scale multimodal tran-
sit networks. The index comprises connectivity features and 
measures of accessibility, such as speed, capacity, frequency, 
distance to destination, activity density of the location and 
degree centrality.

Accessibility measures are often used as performance indicators 
for assessing the equity dimension of public transport. Itzhak 
Beneson et al. (2011) consider the most commonly used meth-
ods to be location-based measures, which provide insight into 
the accessibility of locations. For this purpose, policymakers 
and researchers have developed various instruments according 
to data availability, land-use and a city’s urban morphology – 
for instance, Public Transport Accessibility Levels  (PTAL) 
in Greater London, Greater Manchester Accessibility Lev-
els (GMAL) in Greater Manchester and Urban.Access in Tel 
Aviv. The “Spatial Network Analysis for Multimodal Urban 
Transport Systems (SNAMUTS) accessibility instrument rep-
resents a GIS-based tool to assess the relationship between 
public transport network configuration, performance and ser-
vice standard and the geographical distribution of land use 
activities across a city”  (Internet  2). SNAMUTS uses a set 
of indicators that are analysed for further planning-support 
tools, strategic land use and transport planning. The SNAM-
UTS research team is led by Carey Curtis and Jan Scheurer, 
two specialists that applied their previous theoretical research 
in several projects in which they used different (Alexander & 
Hedgcock, 2010) models for more efficient and sustainable 
public transport.

2 Materials and methods

To evaluate public transport network issues, several data sourc-
es were put together to create a basis for geospatial analysis and, 
implicitly, to obtain the final output of this study.

2.1 Study area

Our analysis takes into consideration the built-up area of Iași 
and the suburban localities connected with the city through 
public transport. Iași, located in eastern Romania, is the 
fourth-largest city in the country with a population of approxi-
mately 263,410 (Internet 3). Iaşi faces a post-communist tran-
sition (like all major cities on the eastern border of the EU), 
being shaped by hallmarks of the urban environment induced 
by policymakers of the last fifty years. As a consequence, most 
of the residents (50%) are concentrated in the western districts 
of the city, which served as collective residences for people 
working in the industrialised district  (on the eastern side of 

Iaşi). The remaining districts have a diverse and heterogeneous 
functionality characterised by the presence of the regional and 
national functions (educational, medical, cultural, administra-
tive, etc.).

Nowadays, the city is passing through a period of urban re-
habilitation; the main changes are seen on the fringes of the 
city, where the new industry and the retail economy are lo-
cated, and in the central part of the city, where quaternary 
services  (especially the IT industry and advanced producer 
services) are concentrated. The city’s further economic growth 
relies on these functions and the city is the main growth pole 
that influences not only Romania’s North East Region but also 
has effects beyond the eastern border of the EU. Nevertheless, 
the local public administration still needs to adapt its strate-
gies and views to a more dynamic and challenging free-market 
environment.

2.2 Database

The database used for computing public-transport issues in Iași 
uses the following datasets:

•	 Road network dataset  (provided by OpenStreetMap 
2014);

•	 One hundred thirty-eight public transport stations (ob-
tained from the Autonomous Public Transport Opera-
tor of Iași [Rom. Regia Autonomă de Transport Public, 
RATP Iași]);

•	 Public transport network (obtained from RATP Iași);
•	 Intensity of services  (according to the RATP Iași time-

table);
•	 Population at a detailed level  (University Centre for 

Human Geography and Land Planning, Innovative Ter-
ritories, Regional Management and Spatial Interaction: 
Cuguat TIGRIS).

2.3 Geospatial analysis

The database was analysed using various indicators based on 
spatial geometries (points and network); each of these reveals 
the individual and overall features either for each public trans-
port station or for the entire network. Catchment area refers 
to the number of residents within walking distance  (400 m) 
for each transport station as a percentage of the total potential 
population that can reach the station analysed. It was calcu-
lated using the Closest Facility tool from Network Analyst 
Extension in ArcGIS 10.1 software.
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where:
Ca = catchment area (%)
popCa(i) = population within 10 minutes (400 m) travel 

time to station i
pop(i) = total population of station i

Closeness centrality is based on the length of the average short-
est path between a station and all other stations of the network. 
The indicator measures how close or far a station is related to 
all others. It was calculated using the OD Cost Matrix tool 
from Network Analyst Extension in ArcGIS 10.1 software.

where:
Cc = closeness centrality
d(i,j) = total distance from station i to station j
N = number of all stations in the network

Betweenness of a station is defined as the ratio of shortest 
paths between pairs of other stations in the network that pass 
by that station (Freeman, 1977). It was calculated using Urban 
Network Analyst Extension in ArcGIS 10.1 software.

where
CB(i) = betweenness centrality for station i
Pjk(i) = paths between stations j and k that pass through 

station i for all j, k ∈ N and j ≠ k
N = all stations in the network.

The betweenness measure is typically used to estimate the po-
tential of passers-by at different stations on the network (Sevt-
suk et al., 2011).

Degree centrality is defined as the proportion of stations di-
rectly connected to the station in question out of the total 
stations in the network. It measures the percentage of other 
stations that can be reached with a transfer-free trip (Scheurer 
et  al., 2011). It was calculated using formulas in Microsoft 
Excel and then added to GIS database.

where:
CD(i) = degree centrality of station i
a(ij) = number of reachable stations along a path
N = all stations in the network.

Nodal connectivity measures the strength of each station for 
integration of services. It captures the suitability of stations for 
making transfers or breaks of journey with minimum disrup-
tion to the flow of movement. It was calculated using formulas 
in Microsoft Excel and then added to GIS database.

where:
Nc(i) = nodal connectivity index for station i
a(ij) = links converging in station i with j ∈ N(i) and i ≠ j
N(i) = stations adjacent (nearest neighbours) to station i
F(i) = number of public transport vehicles departures per 

hour per direction from station i
Service intensity indicates the total number of public vehicles 
passing through a station during rush hour. The demographic 
pressure of public transport vehicles highlights the pressure 
of possible users within walking distance  (400  m) on public 
transport services. All values of the indicators described above 
were normalised to a scale from  1 to  10, thus generating a 
global view of the issues of the public transport network. These 
were integrated into two complex indicators:

•	 A composite index (an adaptation from the SNAMUTS 
model) measures the performance of each station and was 
built by summing up six of the aforementioned indica-
tors  (degree centrality, closeness centrality, betweenness 
centrality, nodal connectivity, catchment area, intensity 
of services), which were converted to a scale from 1 to 10 
to give them roughly equal weighting  (Romanian Na-
tional Institute of Statistics).

•	 Using HAC  (hierarchical ascendant classification), the 
stations were clustered into four categories according to 
the functionality of the built up area. HAC provides a 
better focus on the performance of each station.

3 Results
3.1 General overview of the public transport 

network in Iași

The public transport network had multiple phases of evolu-
tion: from a radial structure (before the First World War) to 
a radial-nucleic one  (the post-war period) and a polynucle-
ated one today  (Stoleriu, 2008). The network was especially 
designed to serve the growing demands of the industrial area 
materialised as heavy workforce flows (Figure 1). The changes 
the network faced during recent decades are quite minor and 
did not take into consideration the demographic desaturation 
of the city centre towards the peripheries and the growth of 
general mobility.
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Several private companies operate within the metropolitan 
area and link the city with its outskirts. The public transport 
network is available only within the city and uses various 
means of transport, totalling thirty-one  different routes  (Ta-
ble 1). The intensity of services varies from one to six vehicles 
per hour in one direction during rush hours.

3.2 Equity of public transport services?

In order to highlight the coverage of service for public trans-
port, catchment areas were calculated for each station  (Fig-
ure 2). As a result of the strategic planning, the network was 
extended along major roads, leaving other peripheral areas 
unserved. The main feature of these outskirts is the change of 

profile (from rural to urban) and preservation of initial mor-
phology features  (individual residences: S-E, N-E or S-W). 
There still are some  (highly populated) districts located at a 
distance greater than 400 m.

Most residents (75%) are located within walking distance (less 
than 400  m; Table  2), but over 100,000  people  (25%) are 
located in areas beyond this threshold (more than 400 m).

Most of the stations located inside the city capture more than 
50%  of the demand (catchment area), especially in high-den-

Table 1: Means of transport in Iași in 2014.

No. Means of transport Number of routes

1 Tram 6

2 Bus 21

3 Maxi-taxi 4

294–735
7,356–2,205
2,206–4,705
4,706–7,491
7,492–11,470
11,471–18,823
18,824–37,352

Village
Public transport stations
Public transport network
Built-up area
Suburban localities

N

Authors: Lucian Roşu, Alexandra Blăgeanu
Map created using ArcGIS 10.1
Data source: RATP Iaşi, OSM

LEGEND Population density
Inhabitants per km²

1 : 100,000

Figure 1: Public transport network in Iași in 2014.

Table  2: Population according to the distance to the closest public 
transport station in Iași in 2014.

Population Distance (m) to station Percentage of total 
population (%)

8,186 50 2.5

25,385 100 7

97,286 200 26

278,000 400 75

357,000 800 96

371,000 1,500 100
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Figure 2: Catchment area in the Iași public transport system in 2014.

N

Authors: Lucian Roşu, Alexandra Blăgeanu
Map created using ArcGIS 10.1
Data source: RATP Iaşi, OSM

1 : 125,000

8.4–400
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25.4–60.5

60.6–86.8

86.9–95.9

86.0–100.0

sity districts  (> 90% of demand), showing their efficiency in 
meeting the needs of the work flows. The city centre is well 
served from this point of view, and most of the lines converge 
here. On the one hand, this area offers most facilities  (jobs, 
recreation, culture, shopping,  etc.), which could explain the 
current situation; on the other the hand, the high concen-
tration of public transport vehicles creates traffic congestion. 
Terminus stations do not serve the demographic flows, but 
rather the facilities located there (shopping centres, the airport 
and industrial areas) and they also ensure a link between the 
city and its periurban localities (service is provided by private 
companies).

3.3 Performance of the public transport network

In order to evaluate the efficiency of public transport, a com-
posite index was created. The global image of the public trans-
port network  (Figure  3) reveals the core-periphery logic of 
the planning system  (retained from the communist period). 
Even though the suburban areas obtained relative independ-
ence and have become secondary nodes of the city  (due to 
the presence of different services: commercial, economic and 
residential), access to them is quite minimal and is usually 

based on private vehicles. One  of the negative effects of low 
performance of the public transport network at the edge of 
the city is the minimised interaction between the city and its 
fringe, determining a car-based profile for the socio-economic 
environment of the peripheral areas. At first glance, the built-
up area of Iași has a good value of the composite index, high-
lighting the existence of a subsystem based on several transfer 
nodes that provide connections with all other parts of the 
city. However, the public transport system has preserved the 
relics of communist strategic policies; these elements can be 
observed in brownfields  (where the stations have high values 
of the composite index; Figure 3).

The areas with high density and intensity of economic activi-
ties (overlaid on areas with an excellent composite index) are 
the result of a good connection with the entire city through the 
public transport lines. Theoretically, an efficient transport net-
work should have a high intensity of services and a high con-
nection with the entire city, which is not entirely proven in this 
case study. The districts on the western side of the city (where 
more than 50% of the total population lives) should have 
better values on the composite index, an aspect that denotes 
average connectivity and low intensity of services. Another 
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aspect that is worth mentioning is the excellent connectivity 
of a district located on the eastern side of the city, even though 
it is known as a “grey-headed” neighbourhood (Stoleriu, 2008) 
with low mobility needs.

3.4 Deficiencies of the public transport network 
using hierarchical ascendant classification

The quality of the public transport network  – in particular, 
deficiencies in meeting users’ demands  – was established us-
ing a cluster analysis. The stations were grouped into classes 
according to their shared characteristics regarding nine vari-
ables  (functionality, service intensity, closeness centrality, 
betweenness centrality, nodal connectivity, degree centrality, 
catchment area, demographic pressure and demographic ac-
cumulation). The result is described below and displayed in 
Figure 4.

Class  1: The stations included in this group are in the dens-
est neighbourhoods of the city; theoretically this implies that 
the values for each variable taken into consideration should 
be higher than average. For example, the intensity of services 
should be directly dependent on the demographic pressure, 

considering that these districts are the origin of the workforce 
flows represented by residents with a medium income, who 
are the main public transport users. The analysis shows values 
below average for five of the variables (service intensity, nodal 
connectivity, degree centrality, betweenness and closeness cen-
trality) and reveals a limited role of the stations: they serve 
to transfer the population to other nodes of the network, but 
not to the entire city.

Class 2: This emphasises the peripheral areas of the city, charac-
terised by long distances to central areas, low service intensity 
and low connectivity with the whole city. The stations can be 
found either in commercial areas (located at the fringe of the 
city) or in areas where industry and services dependent on 
large areas were relocated. On the other hand, their position 
does not meet the requirements of a higher demand that can 
create an increase in service frequency. The periurban residen-
tial areas are less dependent on the public transport network 
because the cost of travel by bus is almost the same as using a 
private vehicle (the case of carpooling or for an entire family).

Class 3: This class includes the main hubs of the network that 
the transport lines converge with; because of their key role in 

8–16 Poor

17–24 Below average

25–31 Average

32–39 Above average

40–47 Good

48–59 Excellent

N

Authors: Lucian Roşu, Alexandra Blăgeanu
Map created using ArcGIS 10.1
Data source: RATP Iaşi, OSM

LEGEND
Composite index stations

1 : 150,000

Lines

© OpenStreetMap (and) contributors, CC-BY-SA

Figure 3: Composite index for transport public system of Iași in 2014.
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public transport networks, the furthest stations are more easily 
connected to them (Lu & Shi, 2007). These are found in the 
most dynamic areas of the city (considering the agglomeration 
of services and economic performance), serving spaces with 
complex functionalities rather than residential areas (job con-
centration and educational, cultural and recreational areas). In 
some cases, this is the result of the decision-making process of 
the communist period. As the shape of the public transport 
network in Iaşi started to crystallise, the stations included in 
this class have played an important role in the system, serving 
areas with a rapid dynamic that are becoming the foundation 
for further economic impetus in the area. During the com-
munist period, these were characterised by heavy industry (the 
central-south side of the city), transport nodes  (a train sta-
tion and bus terminals) and complex tertiary services (north-

northwest). During the transition period, some of these areas 
have retained their functionality  (north-northwest), but the 
industrial area has faced transformations, becoming a suitable 
playground for economies of agglomerations. They have a key 
position in the network, registering values high above average 
for four variables that were used in the cluster analysis (services 
intensity, betweenness centrality, nodality and degree central-
ity).

Class 4: The main difference the first class is the high service 
intensity, which reduces the demographic pressure on each sta-
tion. These are located in neighbourhoods with a residential 
profile (high population density), which they used to connect 
with the old industrial areas of the city; they are relics that 
today retain their features as a result of the shortcomings of 

Figure 4: Hierarchical ascendant classification of public transport stations.
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Each bar represents the distance from the mean of each 
class to the general mean.
This distance is expressed in standard deviations for each 
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reshaping the public transport network infrastructure. It is the 
class that interacts most with the residents. The values of most 
variables are close to average, being the most suitable for future 
inclusion in other classes  (either by improving or decreasing 
the values). Therefore designing smart management for the 
public transport system could include some of the following 
measures: a differentiated frequency according to the demands 
of the population, readjusting lines towards the most dynamic 
areas, linking peripheral neighbourhoods between them and 
increasing the number of buses available, which could create 
greater efficiency.

4 Discussion

The shift from communism to a free market economy encour-
aged greater residential internal mobility, which could not be 
sustained by the public transport network. The changes in 
the transport infrastructure were rather insignificant  (cover-
ing only parts of the existing network), being unrelated to 
the expansion of the built-up area due the lack of coherent 
strategies on the one hand and, on the other hand, to the 
chaotic development of peripheral areas. Regarding the service 
area coverage, three out of four residents are within a ten-
minute walking distance from the nearest station, which is 
a ratio higher than most of the scores obtained by European 
capitals  (Scheurer, 2013). This value is explained by the con-
centration of population in communist-era districts (located in 
the periphery), which are served well by the transport services. 
The current development trends of the city are characterised 
by population movement and relocation of economic activities 
towards the periphery, and these trends should be supported 
by extending the public transport network.

The urban transport network is structured around the main 
radial development axes of the city, which are accompanied by 
a number of lines converging at its centre and other smaller 
lines that serve the more sparsely populated outskirts. From a 
topological point of view, the transport network has a mono-
centric structure that favours the maximisation of imbalances 
and congestion effects in the centre; as a consequence, the 
communist-era districts are not well connected with one an-
other, and the residents are forced to cross the city centre in 
order to arrive to a desired location. The use of performance 
indicators highlights the existence or absence of systems within 
the major network, creating an image of the heterogeneity or 
homogeneity of the urban environment. The high scores are 
strongly related to the economic boost that emerged after 
the collapse of communism. It was transposed in territorial 
advantages, biasing higher competitiveness, agglomeration 
economies and generally a more dynamic setting. Karlaftis and 
Tsamboulas  (2012) point out that for local decision-makers 
and urban stakeholders these features represent a degree of 
a system’s progress in the process of remodelling the urban 
environment and achieving service and community objectives. 
Using hierarchical ascendant classification, one can identify the 
role each station plays within the urban transport network, 
with emphasis on issues that can lower the performance of 
the network. The method probes the possibility of improv-
ing the score of partial indicators, generating a positive effect 
on the entire network by creating the premises for developing 
new nodes.

The final outputs of this study can represent the basis for a 
further complex analysis that may be used to develop trans-
portation strategies because they highlight issues in Iaşi’s 
public transport network. Because the local administration 

Economic axis

City centre

Residential districts

Cultu
ral axis

Figure 5: Urban public transport intersection in central Iași (photo: Mihai Bulai).
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has already drawn the limits of the metropolitan area of Iași, 
designing a single network that serves the entire territory in 
accordance with the shifts in land-use patterns appears to be 
mandatory. In order to better adapt to local conditions, the lo-
cal decision-makers should take into account experts’ advice to 
use models that estimate the efficiency of the public transport 
system. Curtis and Scheurer (2012) consider the re-evaluation 
of strategic planning issues to be one of the most important 
objectives that should take priority in local authorities’ agendas 
in order to improve the quality of public transport. This should 
deliver better accessibility instead of mobility.

So far, not much attention has been given to the problem 
of improving public transport networks. In most eastern Eu-
ropean cities, these networks have retained their communist 
features, which no longer fit users’ needs. They are reflected 
in long travel times and a high number of transfers per trip, 
and are thus unable to cover the needs of a population with 
higher demands for mobility, generating traffic congestion in-
side the city and other related effects. Most studies addressed 
at decision-makers focus on western cities, where the needs for 
change are rather qualitative (improvements of speed, comfort, 
reliability, etc.), whereas post-communist cities are still facing 
network connectivity issues because of adjustment to a dy-
namic city. Christoph Mandl (1980) determined that the costs 
of rerouting public vehicles are low but can greatly improve the 
performance of a system in comparison to other investments 
for improving the service level of public transport systems. 
The applicability of the proposed methodological framework 
is dependent on available datasets, generating outputs with dif-
ferent complexity, thus imposing limitations on the present 
study; even though the analysis was conducted on a city with 
specific features regarding its size and form, the methods can be 
replicated  (with some improvements) for other urban public 
transport networks. The final outputs are representative for 
local policymakers because they highlight a mismatch between 
the performance of the current public transport network and 
the growing needs of the city residents.

The method presented in this article for evaluating the perfor-
mance of public transport is comparable with other method-
ologies provided by the literature – for example, SNAMUTS, 
which was the starting point in designing the study. This is one 
of the most complex models (and has been applied to twenty-
six major cities around the world) whose outputs can easily be 
used by policymakers and various stakeholders: investors, non-
governmental organisations, economists and designers (Pom-
pe  & Temeljotov Salaj, 2014). The indices that compose the 
model can be replaced according to data availability, making 
the model replicable at other scales. Other advantages (as well 
as our method) are provided by the refined level of analy-
sis  (it takes each station into consideration), the multitude 

of indexes  (which can be used separately or as part of an in-
dicator) and the flexibility of the composite indicator. Other 
studies (PTAL or GMAL) base their methodology only on ac-
cessibility issues, taking into consideration travel time, walking 
time and the number, level and reliability of services as a result 
of a highly developed transport system. This study primarily 
focuses on network analysis, addressing other specific issues, 
whereas accessibility measures are concentrated on population 
demands. The main difference between accessibility studies 
and network-based studies lies in the purpose of studies  – 
the former analyse equity in accessing the transport network, 
whereas the latter concentrate on identifying the issues for each 
element composing the transport network. On the other hand, 
the main shortcoming of the study is that the results are not 
easily to compare with other studies because the majority of 
previous researchers analysed a) city transport networks with 
different sizes and forms, b) metropolitan transport networks, 
which have different characteristics, c) transport networks that 
evolved in different historical contexts and d) urban transport 
networks with different methods and datasets. Some other dis-
advantages, such as not taking into consideration the func-
tional zones of the city and accessibility measures, and the 
lack of certain variables  (travel time, schedule or number of 
passengers), set the stage for future improvement of the model. 
“Obtaining some clarity, and making those measures readily 
understood by decision-makers, could go some way in raising 
the profile of accessibility modelling, and its importance in 
decision-making frameworks” (Curtis et al., 2010: 18). Achiev-
ing a balanced transport system will not be possible without 
integrating objective measures that point to the performance 
of the network system.

5 Conclusion

This paper applied quantitative methods (centrality and con-
nectivity indexes) to a public transport network in order to 
evaluate the performance of this service. The public transport 
system in Iaşi is still characterised by elements that are relics 
from the communist period, even though it underwent some 
socio-economic changes  (distinctive for a post-communist 
transition) over the last twenty-five years. In order to become 
more efficient, planning strategies should be more flexible and 
adaptable to the rapid changes that are occurring in an increas-
ingly dynamic city. The transport stations serve almost 75% of 
the residents, but quite a large percentage of the population 
still deals with low accessibility. Thus, the actors responsible 
for transport policies should consider reorganising the current 
network so that the system becomes equitable by maximising 
coverage.

The individual analysis of each indicator can reveal individual 
deficiencies of the network. By putting them together, an over-
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all image of strengths and weaknesses is obtained. The com-
posite index reveals the core-periphery character of the net-
work system, even though the city has a rather polynucleated 
structure. Therefore the connectivity between different parts 
of the city is reduced, which negatively affects the cost and the 
length of journeys, causing both to increase. Stations with high 
nodality are located in areas characterised with complex activi-
ties (agglomeration of jobs and economic, cultural, educational 
and recreational services). The deficiencies of the network are 
pointed out by clustering the results of each indicator calcu-
lated; the types of stations according to their common features 
are also identified. Hierarchical ascendant analysis is therefore 
a method that makes it possible to highlight the following 
observations:

a. It creates a hierarchy based on a set of indicators;
b. It identifies the position and role of stations inside the 

local context (demand area);
c. It points out the position of public stations in the pub-

lic transport network;
d. It determines the classes that are most sensitive to 

change with respect to public administration.

The application of the model developed in this paper could 
also be useful for “policy choices about public transport net-
work design and service improvements as well as the integra-
tion of public transport routes and stations with the urban 
environment” (Scheurer et al., 2011: 21).
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