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Characterization and analysis in the territorial profile of the transport
network in Romania. Case study: Constanța Port
Gheorghe LIXĂNDRESCU, Nicolae MOCANU,
Andrei BĂRSOIANU, Manuela BĂRBĂRIE

Caracterizarea si analiza în profil teritorial a rețelei de transport
din România. Studiu de caz: Portul Constanța. Studiul este a
alcătuit din 5 părți și are ca scop caracterizarea principalelor forme
de transport de pe teritoriul țării cu accent pe portul Constanța. Pe
baza acestora s-a realizat o analiză în profil teritorial a rețelei de
transport prin determinarea nodurilor rutiere ce au fost analizate cu
ajutorul unor indici cantitativi. Astfel , în prima parte s-a analizat
transportul feroviar , în a doua parte transportul rutier , în a treia
parte cel aerian , a patra parte este legată de transportul naval, adică
cel fluviatil și cel maritim , iar ultima parte o reprezintă analiza
teritorială a rețelei într-un cuvânt transportul intermodal.
Cuvinte cheie: forme de transport, Constanța, noduri rutiere , analiză
teritorială, indici cantitativi.

Characterization and analysis in the territorial profile of the
transport network in Romania. Case study: Constanta Port. The
present article is composed of 5 parts and it aims to characterize the
main forms of transport on the territory of the country with an
emphasis on the Constanta port. Based on these, a territorial network
analysis was carried out by determining the road nodes that were
analyzed using quantitative indices. Thus, in the first part the railway
transport was analyzed, in the second part the road transport, in the
third part the air transport, the fourth part is related to the naval
transport, that is to say the fluvial and the maritime transport, and the
last part represents the territorial analysis of the network.
Key words: forms of transport, Constanta, road nodes, territorial
analysis, quantitative indices.
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1. INTRODUCTION
Since the 1990s, the geography of transport has received special attention. The
geography of transport, as a discipline, came out of economic geography in the second half
of the twentieth century. Traditionally, transport has been an important factor in relation
to the economic representations of the geographical space, namely in terms of the location
of economic activities and the monetary costs of the distance. The increasing mobility of
passengers and freight justified the emergence of transport geography as a special area of
investigation. There are twelve key concepts related to transport geography, among
which transport networks, transport nodes and transport demand are at its center. They
are closely related to economic, political, regional, historical and population geography.
In a political and regional point of view is „Geopolitical and geocultural interferences
in Black Sea Area” (Mocanu, 2005) afterwards „Complexity theory and transport
planning: Fractal traffic networks”(Avineri, 2010), „Regional Cooperation in the Black Sea
and the Role of Institutions” (Aydin, 2005) or „Regionalism in the Black Sea Area and Black
Sea Economic Cooperation” (Canli, 2006), „The Geography of Transport Systems”
(Rodrigue J.P., 2017) and „Security, Development and Regional Cooperation in the Black
Sea Area” (Minchev, 2014), „A Synergy for Black Sea Regional Cooperation”(Tassinari,
2006).
2. METHODOLOGY
As a densely populated country in a central location in Central and Southeast Europe
and with a developing economy, Romania has a dense and modern transport
infrastructure.The transport infrastructure in Romania after Baublys A. (2002), wih
Methodology of Transport System Research , the property of the state and is administered
by the Ministry of Transport, Construction and Tourism, unless it functions as a
concession, in which case the concessions are made by the Ministry of Administration and
Interior.
2.1. Rail transport
The first railway in the Kingdom of Romania was opened in 1869 and connected
Bucharest and Giurgiu. The first railway on the present Romanian territory was opened
in 1854, between Oravița and Baziaș in Banat, however this region was under the
administration of the Austro-Hungarian Empire. (Figure 1). Since then, the Romanian rail
network has been considerably expanded and is currently the fourth largest in Europe by
total length, covering 22,298 km (13,855 mi). Of these, about 8585 km are electrified
(Figure 2).The length of the route is 10,788 km.Romania is a member of the International
Union of Railways (UIC), the UIC code for Romania is 53.
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2.2. Operators
The network was operated by CFR, the state rail company, but since 1998, a number
of private companies have started to operate in the transport of people and / or freight,
these are the following: Regiotrans, Romanian Railway Group, Servtrans, Softrans,
Transferoviar Group, UNIFERTRANS.
The rail network of our country is of the maximum type and combines two types of
networks: the loop and the one dominated by a node. Its configuration creates a balance
between the convergence points, these being represented by the cities with regional
functions. In the present case, the municipality of Bucharest represents the main railway
node, which in turn connects with other secondary but main points in terms of region,
these being: Craiova, Timisoara, Brasov, Cluj-Napoca, Iasi, Galati and Constanta. (Figure
3).
2.3. The length of railways at county level
In this chapter the counties in the western part of the country have the most
kilometers of railway length. On the first place is Arad county, with about 780 km of
railways, the next ones being outdated Arad (over 500 km), Bihor, Mureș and Covasna
(over 400 km).
This factor is due to the fact that the western part of Romania is more economically
developed compared to other regions. At the opposite pole, there is Tulcea county, with
only 70 km length of railway, thus, the only railway in this county connects Tulcea with
Baia (in the south). Other counties, where the length of the railway network is reduced
(below 200 km) are the following: Giurgiu, Neamț, Bucharest, Covasna, Mehedinti,
Botosani, Gorj, Valcea, Vrancea, Braila, Dambovita, Salaj and Calarasi. The vast majority of
counties are occupied by mountain units, which means less accessibility for the
implementation of a railway or there are counties where shipping is predominant
(Mehedinti, Giurgiu, Calarasi and Tulcea) (Tălângă C., 2000).
This parameter takes into account the length of the railways reported at 1000 km.
In this case the hierarchy of the counties is maintained approximately as in the previous
case. For Bucharest and Ilfov County, the situation is totally reversed, thus, the Bucharest
workforce has a railway density of 500 km / 1000 kmp, while Ilfov county has 143 km /
1000 kmp. This fact indicates that the role of the capital is important in the transport
systems, so that Bucharest represents the main railway node in Romania, having direct or
indirect links with other cities and capitals.
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Figure 1. Map of the length of the railway network

Figure 2. Density map of the railway network
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Figure 3. Map of the railway network within Romania

2.4. Road transport
The road network has the same maximum character as the railways. In contrast, the
hypertrophy of the capital is less obvious, due to complex coexistence points. According
to the CIA Factbook, the total road network of Romania is estimated at 198,817 km long,
of which 60,043 km are asphalted and 138,774 km (2004) are unpaved. The World Bank
estimates that the network of roads outside cities and communes (for example, excluding
streets and communal roads) is approximately 78,000 km. (Figure 4). Regarding the total
length of the modernized roads (European, national and highways), the city of Timișoara
is again in the first place, the reason being again, the strong connection between Hungary
and Serbia (Figure 5).
Highways are identified by an A followed by a number. Currently, the A1 motorway
has a length of 576.72 km, has opened 400.4 km, and the Lugoj - Deva sectors 56.8 km are
under construction, while Sibiu - Pitești has planned 116.64 km. (Figure 6).
The A2 motorway is the only Romanian highway open on all its segments, it has a
length of 205 km.
The A3 motorway is the largest highway project in Europe with a length of 588 km
from Bucharest to Oradea (close to the Hungarian border).
[9]
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Figure 4. Map of the length of the modernized road network

Figure 5. Density map of the modernized road network
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The A4 motorway is also called the Constanta bypass, because it is in the western
part of the city. It has an opening of 22 km, from Ovidiu to Agigea, and has 45 km planned,
from Agigea to Vama Veche (on the border with Bulgaria).
The A6 motorway is also part of the Pan European Corridor IV, such as the A1, but
near Lugoj the southern branch starts, connecting the cities of Sofia, Istanbul and Athens.
It has a planned length of 270 km, of which only 11.4 km are built between A1 and Lugoj.
The A10 motorway is the first motorway to connect two other highways in Romania:
A1 (near Sebeș) and A3 (near Turda). It is 70 km long and all segments are under
construction.
The A11 motorway is a 135 km highway, the second to connect A1 with A3 this time
between Arad and Oradea, from which a 2.4 km segment was opened near Arad, called
"Arad bypass" (Figure 7).

Figure 6. Map of the total length of highways in Romania

2.5. Air transport
Air traffic in Romania reached 15.9 million passengers in 2013, 7.1% more than in
the previous year. The national carrier of Romania is the TAROM airline, which flies to 9
domestic destinations and 30 international destinations in 23 countries. The air network,
in its current form, is clearly dominated by a point (the city of Bucharest), which highlights
[11]
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its hypertrophy. Temporarily, in the summer season, it becomes a maximum type network
through the direct links that are established between Constanta and other major cities of
the country. In view of increasing the functional complexity of cities with a role of regional
polarization and their transformation into international traffic hubs, the domestic air
network can be transformed into a network of total minimum distances, a network that
allows fast connections and ensures a relative balance between the points of international
traffic convergence.

Figure 7. Map of the road network (highways, European/national roads) within Romania

2.6. Airports
There are 61 airports in Romania (estimated since 2006): 25 airports with paved
runways, 5 runways over 3,047 m, 8 runways from 2,438 to 3,047 m, 12 runways from
1,524 to 2,437 m, 36 of airports with unpaved runways, 2 runways from 1,524 to 2,437
m, 11 runways from 914 to 1,523 m, 23 runways below 914 m, a heliport (Ulman E., 1954).
2.7. Naval transport
Naval transport, on the territory of Romania, is configured by two key elements,
namely the Danube River and the Black Sea. It is a simple linear type network. This type
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of transport is of two types: river transport (Danube, Danube-Black Sea and Bega) and
maritime transport, represented by the Black Sea. Currently, river transport in Europe
has a vast network of inland waterways that belongs to the pan-European transport
network, composed of several corridors. The Danube with Sulina and the Danube-Black
Sea, which are part of the pan-European transport corridor VII. The Danube is the second
largest European river with a hydrographic base of 817,000 kmp (1/12 of the surface of
Europe). It has 120 tributaries, of which 34 are navigable.
The Danube runs through 10 countries and three capitals: Germany, Austria
(Vienna), Czech Republic, Slovakia, Serbia (Belgrade), Hungary (Budapest), Bulgaria,
Romania, Moldova and Ukraine. The hydrographic network of the Middle Danube is
relatively less branched, being located in the plains and has large variations in water flows
and levels, with large increases in spring and early summer and large decreases in late
summer to spring. There are 40 major ports on the Danube. The lower hydrographic
network of the Danube consists of its tributaries on the left: Nera, Cerna, Jiu, Olt, Argeș
county; Siret, Prut and tributaries: Timoc, Lom, Ogasin, Isker, Vid, Osna, Ianita, Lon with
lower springs in the Balkans. The Danube flows into the sea through three arms that form
the Danube Delta, namely Chilia with a length of 117 km; Sulina, length 63 km; Sf.
Gheorghe, length 109 km. Delta covers a total area of approximately 3500 km2. The
international freight transport in Romania is carried out by the Danube and by the transit
of the Black Sea / Black Sea Midia-Navodari and 28 river ports, including the sea ports
Galati, Braila, Tulcea, Sulina (Boşneagu R, 2015, Săgeată R., 2013).
2.8. Shipping
As a major consumer of hydrocarbons, Europe has lately become interested in
integrating oil transport routes into its short- and medium-term development programs
and, in addition, including the entire Black Sea region in medium-term and long. Viewed
from a global integrated perspective, the Black Sea could play a major role in the future
cohesion and stability of a rather complex geopolitical area.
Since the seventh decade, Romania has tried to expand the geopolitical area of
foreign trade, developing the port of Constanţa as the main opening of international
maritime traffic. At the same time, being a port on the Danube - Black Sea Canal too,
Constanța can become a transit destination between remoter regions and economically
complementary geographical regions.
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3. RESULTS AND DISCUSSION
Analyzed from a territorial point of view, the transport networks have certain
features regarding their connectivity with certain points, in this case, these features are
the road nodes. These theoretical aspects can be determined using quantitative indices.
3.1. Number of segments
It represents lines that connect several points. In this case, it refers to the number
of roads connecting several cities. At the level of Romania, the most segments were
determinedin the county of Constanta, namely 60 in number (Figure 8).
This indicates on the one hand the large number of highways, including the A1 and
A4 motorways, which gives Constanta a very important role in terms of transport
infrastructure.

Figure 8. Map of the distribution of the number of segments at country level in Romania

3.2. Number of nodes (convergence points)
In this chapter, Constanta occupies the first place with a number of 22 nodes; other
leading counties are the following: Brasov (19 nodes), Hunedoara, Bihor, Suceava (18
nodes) and Mures (17 nodes). At the opposite pole are the following counties: Vaslui, Iasi,
Buzau, Ialomita, Calarasi and Giurgiu (maximum 5 nodes) (Figure 9).
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Based on these indices, other indices such as the connection index (Ic), the complexity
index (Icx) and the hypertrophy index (Ih) can be calculated.

Figure 9. Map of the distribution of the number of nodes at county level in Romania

The connection index is calculated according to the following formula: Ic = r - n +
p, where:
-

r = number of network segments (arcs) between nodes (convergence points);

-

n = number of nodes;

-

p = number of isolated segments;
The higher this index is, the more nodes are better connected to the network

through the segments, in other words, the human settlements are better connected to the
transport network.
In this case, Constanta county occupies the first place again, which means a
diversified and at the same time highly organized transport network, thus, the value of
this index exceeds 30 units (Figure 10).
The complexity index (Icx) is calculated according to the following formula:
Icx = r / n, where :
-

n –represents the number of nodes

-

r –number of segments.
[15]
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Figure.10 Map of the distribution index of county-level connection within Romania

On the territory of Romania, at county level, this index presents superunitary values,
which means a complex transport network characteristic of each county, which
theoretically describes a maximum connection between the transport network and the
settlement systems (Figure 11).
In conclusion, the transport network is tree-lined, due to the hypertrophy of the
capitalbeing combined with those of central type and those of circuit type between the
convergence points. Hence the strong connection between the human settlements and the
transport network.

4. CONCLUSIONS
Transportation geography aims to understand the spatial organization of mobility.
It has emerged as a full field in geography, with a strong inclination to include concepts
and methods from other disciplines such as economics, engineering, environmental
sciences and sociology. Because transport systems are involved in a wide variety of scales
and modes, from local public transport to global maritime transport, the approach tends
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to be divided. It is indeed difficult to reconcile perspectives such as pedestrian mobility
related to land use or the selection of air freight nodes. The multidisciplinary approaches

Figure 11. Map of the distribution of the complexity index, at county level, in Romania

remain at the center of the transport geography only because its modes are at the same
time independent, but interconnected at different scales. Transportation is increasing and
changing in the face of the challenges and influencing factors of change. The issues of
greatest importance - sustainability, congestion, governance and management - are those
to which transport geography has the opportunity to contribute. As the transportation
industry becomes more complex, conventional approaches, focusing on a narrow range
of factors, need to be replaced by more nuanced analysis and solutions. In addition, the
issues related to the mobility of goods assume an increased importance within the
discipline, partly determined by the establishment of global supply chains and the
complexity of the distribution of urban goods. In the transport industry itself, in public
planning and in research institutions, the geographical scope of transport remains
diverse. The future transport systems will probably be formed by the same forces as in
the past, but it remains to be seen which of the technologies will prevail and what their
impact will be on the structure (EC, European Commission, 2007, EP, European
Parliament, 2013 and GMF, The German Marshall Fund of the United States, 2014).
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The geography of transport systems is so complex that it can be expressed
quantitatively through various indices. Indices such as: the connection index, the
complexity index as well as indices that express the density of the transport network,
were applied at the level of Romania. Thus, by these methods one can describe the
transport infrastructure, but also its connectivity with the nuclei, in this case, being the
most important cities.
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