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BASED ON GRAPH THEORY MODEL

ABSTRACT

The present study focuses on the Central Development
Region in Romania and attempts to highlight the deficien-
cies of the regional railway network, as well as to scientifi-
cally analyse the impact of new lines designed in the region.
The current regional rail network is greatly determined by
the historical development process of the railway, and there-
fore, in the first section, the most notable causes, mile-
stones, and historical factors have been summarized. The
goal of this paper has been to evaluate the current situation
of the Central Region’s rail network and investigate the po-
tential processes entailed by the line designed between Tir-
gu Mures and Sighisoara. For this, at first, some quantitative
and qualitative analyses as well, including traffic and travel
speed measurements have been carried out. Finally, using
the analysis capabilities offered by the application of graph
theory, we had the opportunity to perform a simulation with
the planned rail line. Our conclusion is that the improvement
of the Tirgu Mures rail accessibility toward Brasov could be
considered as a real option, especially, as in the near fea-
ture, the motorway connection between these two important
Transylvanian cities will be built, which will represent a huge
challenge for the rail transport on this axis.

KEY WORDS

railway network, new railway line, graph theory, regional de-
velopment, rail accessibility

1. INTRODUCTION

In these days the recurring theme of the railway
related transportation geography research is con-
fined to the analysis of the importance and efficiency

of high-speed rail [1, 2, 3], as well as the rail trans-
portation [4, 5, 6]. The issue of conventional railway
construction may be interesting in special situations.
In Romania the development of railway network came
several decades later than in other Western-European
countries, and this was further affected by the out-
break of two World Wars. Due to those circumstances,
the Romanian railway network has not reached an
optimal development level, and therefore nowadays
many missing rail connections cause problems. There-
fore, the building of new lines has been an issue in
the transport policy practically since the beginning of
the railway construction; however, no major advance
has been made. Generally, these planned lines would
serve regional or even micro-regional interests, and
therefore their likelihood is pretty low; nevertheless,
they are included into the spatial planning act. In
Romania, the major problem in this topic is given by
the extremely low competitiveness of rail transporta-
tion in the current technological state of the network.
As the likelihood of developing high-speed rail lines
across the country is also reduced (only a speed limit
upgrade up to 160 km/h of the conventional trunk
lines is planned), in some cases, the building of new
conventional lines could be considered. In the litera-
ture treating the Romanian rail system, some papers
discuss the aspects of modernizing the signalling and
controlling infrastructure [7, 8], others focus on the de-
velopment projects alongside the European transport
corridors [9, 10], and yet few others deal with the his-
tory and functionality of the rail network [11, 12, 13].
Papers modelling effects of new lines in Romania are
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very rare [14, 15]; therefore, theory models had to be
created. In this case, a regional point of view was ad-
opted by evaluating the potential benefits, which could
be achieved due to a new conventional rail connection.

Due to its geographical position, the Central De-
velopment Region is adjacent to six development re-
gions. In addition, its geostrategic position is further
increased by the orientation of the main lines in the
transportation system, which is due to the capital’'s
peripheral location. Bucharest is connected to the
western parts of the country and the EU’s core area
mainly through the Central Region. The importance of
this relationship is well reflected by the national infra-
structure development strategy, which gives a central
role to the construction of the A3 (Bucuresti - Brasov
- Oradea - Hungary) motorway, as well as the mod-
ernization of the main railway line No. 300. Beyond
that, the railway and motorway component of the Pan-
European Corridor IV also crosses this region, which
plays an essential role in the transport policy of the EU.

2. FORMATION OF THE CENTRAL

DEVELOPMENT REGION AND
ITS CHARACTERISTICS

The proximity of Romania’s integration to the Euro-
pean Union at the end of the 1990s has initiated the
difficult process of limiting the development regions.
The purpose was the creation of territorial units ad-
equate to such NUTS Il levels, which are able to control
regional development, to collect structural funds, and
to totalize and convey compatible statistical indices for
EUROSTAT. For the limitation of regions many different
conceptions have been developed, which were subject

of a serious political argument. The first document,
which made between 1996 and 1998 a proposal to
limit the regions, was prepared from PHARE funds
and named as “Green Paper”. The division into eight
regions, suggested in the document, came into exis-
tence according to Law 151/1998 (modified by Law
315/2004) by the “voluntary” association of county
councils. In fact, the theory of the central administra-
tion prevailed. The newly created regions could not be
considered administrative units and they do not have
a legal entity, therefore their activity is coordinated by
the Territorial Development Agency according to Law
315/2004. In 2011 the regional reorganization came
to be a political argument issue again.

The eight regions were named by their geographi-
cal position to the country’s geometrical Centre. The
Central Development Region is formed by six counties
- Alba, Brasov, Covasna, Harghita, Mures, Sibiu, and
the administrative Centre of the region is located at
Alba lulia (Alba County). Considering Romania’s his-
torical regions, the Central Development Region is
formed by central and south-southeast Transylvania,
while Cluj and Bistrita-Nasaud counties belong to the
neighbouring North-West Development Region.

The area of the region is 34,100km?, which cov-
ers 14% of the country’s territory, and is therefore the
5th largest region in Romania. According to statistical
data, the region had 2.5 million inhabitants (11.8% of
the total population) in 2010. Its average population
density (74/km2) is below the national value. The high-
est population density was registered in Brasov county
(116.6/km?), while the lowest was in Covasna (60/
km?), Alba (59.6/km?) and Harghita (48.9/km?) coun-
ties below the national average.
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Figure 1 - Development Regions in Romania (own edition)
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In 2011 the settlement network of the Central
Development Region was formed by 57 towns (out
of which 20 municipalities), 357 rural localities and
1,788 villages, which concentrated into 414 admin-
istrative units. The urban population ratio in 2010
was 59%, this placing it in the third position following
Bucuresti and the West Development region. However,
the level of urbanization of the region is considered
to be low, which is further aggravated by high ratio
of small towns. In the Central Development Region
only Brasov’s population is higher than 250,000, and
there are only two towns with a population between
100,000 - 200,000 - Sibiu and Tirgu Mures. Consid-
ering Transylvania as a single historical-geographical
territorial unit, it is necessary to take into account Cluj
Napoca, as the entity with the strongest polarization
in the area. As a result, the transport infrastructure of
the region, and within this the railway network - beyond
the national interests (international connections, con-
nection of distant locations with the capital), serves
the accessibility and connectivity of these four towns.
Considering the rail connectivity of the main cities,
however, significant differences may be observed. The
case study presented here discusses the position of
Tirgu Mures in the railway network, as well as the de-
velopment possibility of the rail connection of the Tirgu
Mures - Brasov axis.

3. HISTORICAL BACKGROUND AS
A FACTOR IN THE CURRENT
SPATIAL CONFIGURATION AND
ACTUAL DEVELOPMENTS OF THE
RAIL NETWORK IN ROMANIA

The development of the railway infrastructure in Ro-
mania started in the latter half of the 19" century. The
first railway line was inaugurated on 20 August 1854
between Oravita and Bazias to transport coal from the
Anina Mountains to the Danube. The peripheral loca-
tion of Transylvania, as part of the Austro-Hungarian
Monarchy, affected to a great extent the development
of the railway network. In consequence, it came sev-
eral decades later as compared to the core area of
the monarchy. It was also delayed by the tense politi-
cal situation after the revolution of 1848/49; hence
considerable advance was only possible after the his-
torical compromise of 1867 [16]. The state’s interest
was to connect the large towns of Transylvania (Cluj,
Brasov, and Sibiu) with the capital by railway lines that
contribute to the economic development, as well as to
build connections across the Carpathian Mountains
to the Kingdom of Romania in order to enhance the
export trade [17]. As a result of a Budapest-centric
development policy, the rail lines entered Transylva-
nia from two directions and ran gradually toward the
East. In the South, along the Mures Valley, the (Buda-

pest -) Arad - Alba lulia - Teius line was built, while to
the North, the (Budapest -) Oradea - Cluj-Napoca -
Razboieni - Teius line. Basically, there were two major
interest spheres, which tried to join Sibiu and Brasov
to the railway network. In the era of railway building,
next to the state’s engagement, civil assemblages be-
came an important factor as well, which mostly repre-
sented local and microregional interests [18].

The development of the rail network in Tran-
sylvania took place in various stages. In the period
between 1867 and 1873 the Cluj-Napoca-Brasov
trunk line and additional railway branch lines were
built; therefore, Sibiu (1872) and Tirgu Mures (1871)
joined the railway network [19]. The railway construc-
tion was interrupted for a couple of years due to
the rising worldwide crisis. Thereafter the Trans-Car-
pathian international connections to the Kingdom of
Romania, which were of strategic importance, were
gradually developed. The condition was that the lines
would reach the border zone. Foremost, Transylvania
was connected with Muntenia from the Brasov - Pre-
deal direction (1879); and thereafter, following the
construction of the south Transylvanian Deva - Vintu
de Jos - Sibiu line (1892), the transport along the
Olt Valley commenced [20]. The connection between
Transylvania and Moldova was created in 1899 with
the Ciceu - Ghimes - Adjud line, while the plan of
extending the Brasov - Bretcu line through the Oituz
valley toward Moldova was discarded. Until the inau-
guration of the line linking Transylvania with Buco-
vina in 1938, this was the only connection between
these two historical regions.

Another particularity of the historical development
of the railway network was the spreading of narrow
gauge lines, which served mainly economically the less
developed areas [21]. Around Tirgu Mures, in the eth-
nographic area called Transylvanian Plain, a smaller
narrow gauge network was developed at the beginning
of the 20™ century. In addition, in the Aries Valley, the
90km long line between Turda and Abrud was used be-
tween 1892 and 1999. The country’s longest narrow
gauge line (123km) once was operating between Sibiu
and Sighisoara; then, after 1965, the Agnita - Sibiu
(62km) section was in operation until 2001. The an-
nexation of Transylvania to Romania led to the re-eval-
uation of the regions geopolitical situation, but since
its railway network was more developed than in the
other parts of the country, after 1920 only the Harman
- Intorsura Buzaului branch line was built (1924-31).
Eventually, following the Second Vienna Award - due to
strategic considerations - Hungary considered neces-
sary the construction of the Deda - Saratel connecting
line, that later became part of the main line No. 400
[12]. In the second part of the 20" century, towards
the powerful industrialization demand, the emphasis
was on the modernization of main lines with electrifi-
cation and duplication of the trunk lines [13].
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Romania’s entry into the European Union (and con-
sequently the pre-accession instruments financed by
the EU) gave a new chance for developing the coun-
try’s railway infrastructure after a few decades of miss-
ing investments in this field. Especially in the 1990s
and the first years of the new millennium, the railway
was highly disadvantaged in comparison to public
roads. This led in the passenger and mainly freight
sector to dramatic changes of the modal split. Since
no investments were made in the motorway network
in the communist era nor in the transition period (the
decades after 1989), the existing road network did not
have enough capacity to handle the increased traffic
volume. From logistic point of view, the simultaneous
development of the road and railway infrastructure is
a very important aspect (considering the still low-level
transport network).

As previously mentioned, the condition of the rail-
way infrastructure represents the weakest link of rail
transport. In terms of quality, it has shown a strong
downward tendency in the last 20-30 years, especially
in the case of branch lines, this process leading to the
necessity of introducing speed limits. Consequently,
according to the situation in August 2010: 579 speed
limitations were adopted while 5,596km railway lines,
12,026 bridges, 67 tunnels (of 170), 8,805km wiring
(of 10,407km), 10,209 telecommunication units (of
12,071), and 96 transformer stations (of 186) were in
need of repair.

Using EU resources, the rehabilitation of the rail-
way lines along the Pan-European Corridor IV has
been initiated. Accordingly, the initial phase included
the opening of the Fundulea-Bucharest-Comarnic

(211km) and the Fetesti-Constanta (84km) section.
Presently, the Comarnic-Predeal (48km) and the
Fundulea-Fetesti (104km) sections are under con-
struction, whose deadlines are the second trimester
of 2012 and mid-2013, respectively. As consistent
with the schedule of the Ministry of Transport, the re-
habilitation of the first section of the Simeria-Coglariu-
Sighisoara (167km, intended deadline: 2014-15) and
the Simeria-Curtici route (41km, intended deadline:
2014) starts in the year 2012. The next stage will in-
clude the rehabilitation of the remaining sections of
Corridor IV: Sighisoara-Brasov (130km, intended dead-
line: 2019), Brasov-Predeal (26.9km, intended dead-
line: 2020), the 2™ and 3" sections of the Simeria-
Curtici route (144km, intended deadline: 2020), and
the Arad-Craiova-Calafat route (488km). Full rehabili-
tation of the northern axis of Corridor IV is expected by
2020, which will allow a 160km/h speed limit for local
trains and a maximum of 140km/h in case of freight
trains. At the same time, several railway stations will
also undergo necessary renovations: according to the
plans, twenty-one towns altogether will have their rail-
way stations modernized in the period between 2011
and 2014. The renovation of the Targu-Mures railway
station will also take place in the same period - the
total costs of the works amount to 11,781,678 euro,
funded by the state budget and the ERDF funds.

In line with the EU policy (White Paper), the is-
sue of rapid transit system in Romania has made its
way again onto the agenda. Its draft plan was also
sketched out (without the specification of lanes) in the
National Spatial Plan sanctioned by Act 71/1996 and
its repealing Act: 363/2006. According to the Com-
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bined Transport Strategy approved by the Ministry of
Transport in 2011, the high-speed rail line between
Budapest and Constanta will be accomplished after
2015, in accordance with the negotiations carried out
with the countries directly concerned. This high-speed
rail line would be connected with the Paris - Stras-
bourg - Stuttgart - Vienna - Bratislava - Budapest
high-speed rail network, thus creating a highly com-
petitive transport option between the Black Sea and
Western Europe. Its designed speed limits would fall
between 250km/h and 300km/h.

In the context of the liberalization of the rail
transport in 2001, a few private operators (mainly in
freight sector) were established, as for example GFR,
Servtrans or Transferoviar Group. In a very short time
period, these new companies took over a huge volume
of freight rail transport, primarily targeting the profit-
able block-train traffic. These measures led to CFR
Marfa losing its absolute monopoly.

The joint influence of historical factors, terrain
conditions, as well as economic development rate of
the region led to a low connectivity level of the railway
network. The large number of branch lines (dead-end
lines) and the underdevelopment of connections in the
north-south direction affect negatively the competitive-
ness of the railway. Considering the global devaluation
of the rail transport, there is little chance for improve-
ments in the near future.

4. CURRENT SITUATION OF THE
REGIONAL RAIL NETWORK

Due to its favourable geographic position, three
main lines cross the region (No. 200, 300, 400),
branching off to additional rail lines. The main junc-
tions are Brasov, Teius, Ciceu, Vintu de Jos, Podu Olt,
Copsa Mica and Razboieni. In 2010 the total length
of the rail lines in use was 1,336km. In the past two
decades, however, dramatic changes occurred. In 20
years 426km of railway lines were withdrawn from
circulation, which meant a 24% decrease of the total
length of the railway. Regarding the Central Region’s
counties, only in the case of Brasov and Covasna the

Table 1 - Railway lines by category, 2010

length of the lines did not decrease. The narrow gauge
lines (282km) were withdrawn from use at the turn
of the millennium, due to their low competitiveness
and utilization. The same happened to most indus-
trial railway lines. It is worth mentioning that the cur-
rent situation would be even more alarming without
the involvement of private carrier companies, which
by 2001 gradually took over the operation of branch
lines considered to be associated with a loss by the
Romanian Railways Company (CFR), mainly branch
lines serving micro-region interests. During this pe-
riod only the North-East (139km) and the South-East
(439km) regions have increased the total length of
their railway network. The ranking list of regions show-
ing a downward trend was led by the Central Devel-
opment Region, and in consequence it fell from the
third to the fifth position. Paradoxically, since most of
the lines withdrawn from circulation were not electri-
fied, the ratio of electrified lines increased from 37.4%
(1990) to 50% by 2010, which exceeds the national
ratio (37.1%). Among the counties making up the re-
gion (NUTS 3 level) there are significant differences re-
garding the state of railway supply. Concerning the rail-
way line density showing the area-expanding degree
of the rail network, the Central Region is found below
the national average (45.2km/1,000km?). Among the
counties of this region only Brasov’s railway density
(66km,/1,000km?) has exceeded the national aver-
age, which is result of its status of a very important
railway junction, being a “gateway” between Transylva-
nia and areas across the Carpathians.

Regarding the quality of rail lines, Covasna and
Mures counties have the most unfavourable position
because they have no multiple track lines, and the
electrified line ratio is below 40%. The territorial rate of
modernized lines essentially depends on the main line
track. The entire main line No. 300 (Predeal - Brasov
- Sighisoara - Teius - Razboieni), the Vintu de Jos -
Sibot section of the main line No. 200, and the No.
200A line, which connects these two, are electrified
and double tracked. The main line No. 400, branching
off at Brasov to the North, is electrified but it is a single
track line, as well as the No. 501 branch line of this

. Railway lines (km), from which: Railway density

Counties — 2

Total Electrified Double track (km/km?)
Alba 230 136 139 36.8
Brasov 353 184 135 65.8
Covasna 116 44 - 31.3
Harghita 209 174 2 31.5
Mures 283 87 - 42.2
Sibiu 145 44 44 26.7
Central Region 1,336 669 320 39.2

Source: Romanian Statistical Institute, edited
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Figure 3 - Railway network of the Central Development Region (own edition)

branching off at Siculeni to Moldova [22]. Finally, on
the Podu Olt - Sibiu - Sebes portion of the main line
No. 200 several short sections are double tracked.
Another curiosity of the railway network of the Central
Development Region is that the highest altitude train
station is located there - Predeal (1,040m), as well as
Romania’s longest rail tunnel - Teliu (4,300m), which
is located on a branch line of little importance. Addi-
tionally, the rail line between Predeal and Brasov was
the first electrified section in Romania, inaugurated in
1961.

The spatial distribution of the electrified and dou-
ble track lines highly influences the organizational pro-
cess of rail transportation by the necessary usage of
different types of locomotives, as well as the highest
possible loadability of the system (the number of rail-
way vehicles on a given line). All this further worsens
the high average travel time resulting from the poor
technical condition of the railway infrastructure, and
thereby negatively affecting the competitiveness of
the rail transport [23]. The average travel speed value
achieved by passenger trains, taking into account the
standing time at stations, could be placed between
a 28-58 km/h interval. In case of express trains, the
average speed values are mostly 20km/h higher; how-
ever the 66km/h maximum average speed value ob-
tained on the Copsa Mica -Sibiu (No. 208) line is still
far from the competitive value.

The current regional rail network usage is well re-
flected by the sum of trains travelling daily in both di-
rections on a given rail line segment. The data used
here was provided by the official railway timetable
showing regularly running passenger trains on week-
days. As a result, the most loaded lines are the fol-

lowing: Podu Olt - Talmaciu - Sibiu, the Copsa Mica
- Medias, Vanatori - Sighisoara, and Sibot - Vintu de
Jos - Teius - Razboieni, on the average 50 - 65 trains/
day. Essentially, the usage of main lines No. 300 and
No. 200, as well as the No. 200A line connecting these
two are the most significant ones. However, the utiliza-
tion of branch lines and, especially, dead-end lines is
very low, typically 10 to 15 trains/day traffic.

In topological sense, the biggest problems of the
region’s railway lines are caused by the large number
of dead-end lines and the underdevelopment of the
north-south oriented rail connections; and therefore,
in some cases of stations located geographically close
to each other, there is a multiple network distance
as compared to the bee-line distance. This question
mainly affects the central and eastern parts of the re-
gion due to its unfavourable terrain and hydrological
network. In fact, there is a lack of branch lines making
the connection among the three main lines; which oth-
erwise, spatially, cover well the region. Only the Copsa
Mica -Sibiu, and the No. 200A lines have this func-
tion, but both are located on the western part of the re-
gion. The No. 200A line is nationally significant, since
it connects the two trunk lines crossing the country’s
western border.

The greatest deviation from the ideal bee-line dis-
tance takes place between Odorheiu Secuiesc and
Miercurea Ciuc, where the rail connection length is
528% greater than the air distance between the two
cities. Considering the rail connections of the county
seats compared to the ideal theoretical distance, a
10 - 132% increase in distance occurs. In the most
unfavourable situation is the region’s third biggest
city, Tirgu Mures, since it is affected by all four most
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Figure 4 - Average travel speeds of passenger trains
(own edition, based on data from the official railway timetable)

puzzling connections: Sibiu (132%), Brasov (122%),
Sfantu Gheorghe (107%) and Miercurea Ciuc (93%). In
the same way, significant extra distances are created
between settlements located on parallel branch lines.

Responsible for this situation is principally the
cost-effective development policy used for the rail-
way network extension. Evidently, the extra distance
as compared to public roads, affects negatively the
competitiveness of the railway. The partial solution
for this problem would be the construction of new rail

connections. As result of a similar idea, new railway
line projects appeared in the regional development
plans; however, in practice, these have not been ma-
terialized. For instance, the 71/1996 spatial planning
act of Romania, which lapsed in the meantime, con-
tained the construction of 8 new rail lines. The cur-
rently valid act (Law 363/2006) contains only two new
lines: Tirgu Mures - Sighisoara and Gheorgheni - Bi-
caz. Out of these two railways the former has grounds;
however, due to the national economic situation, and

N
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Figure 5 - Number of trains per track segments per day
(own edition, based on data from the official railway timetable)
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since the utmost priority of the transportation network
development was shifted to the construction of new
motorways, the chance for realizing such railway proj-
ects decreased. Nevertheless, the fact that the plan
appeared in the new law leaves reason for hope. Of
course, the top priority in the railway network develop-
ment is the rehabilitation of the main lines with the
purpose of achieving the 160km/h maximum veloc-
ity in the case of passenger trains, and the 120km/h
speed in the case of freight trains [24]. In addition,
the objective is to put in operation the ETCS system
on trunk lines, which serves the rail interoperability.
The modernization works in the Central Development
Region will affect the northern branch of Corridor IV
formed by the (Curtici - Arad -) Sibot - Vintu de Jos -
Coslariu - Sighisoara - Brasov - Predeal (- Bucharest)
section, the main line No. 400 and the (Bucharest -)
Olt Valley - Sibiu - Sebes section [9, 10, 25].

5. INVESTIGATION OF THE SIGHISOARA -
TIRGU MURES PLANNED BRANCH LINE

In order to make a deeper analysis of the rail net-
work of the region, the graph theory was applied in this
research. Graph models reduce the complexity of sys-
tems and offer the possibility to evaluate the extent
to which the connections between the components of
the graph are developed. On the basis of the conven-
tional procedure [26, 27, 28] a software called “Start
Utility” was created for this survey, which exploits the
capacity of the computers to perform complex math-
ematical operations. In our graph the vertices shall be
the towns the railway goes through, the railway junc-
tions, the border stations and the last station of the
railway dead ends, while the edges shall be the net-

work distance (km) between the stations. The graphic
presentation of the graph containing the 55 vertices
established in the above mentioned manner is as fol-
lows.

On the basis of the network length the journey
from each station to all the other stations was simu-
lated. The calculated values for each station were
summarised receiving 525,560km as the total length
of the network. Among the analyzed 55 nodes the
best positioned station with the easiest access is the
Copsa Mica station located on the main line No. 300
(7,389km). In the accessibility top ten there are sta-
tions in the Sighisoara - Teius and Copsa Mica - Sibiu
sections. The best situated from among the county
seats is Sibiu (4), followed by Alba lulia (15), Brasov
(23), Sfantu Gheorghe (32), Tirgu Mures (35) and fi-
nally Miercurea Ciuc, which is the 46" in line. From
among the main junction stations the most accessible
are Teius (7), Podu Olt (9) in the first third of the hier-
archy, Vintu de Jos (17), Razboieni (20), Brasov (23)
in the middle section, while junctions Deda and Sicu-
leni have quite disadvantaged positions. Naturally, on
the last positions we find the final stations of the dead
ends.

The results show that there is a difference of
5,714km between the aggregate accessibility of the
first and last station in the hierarchy, which means a
77% excess of distance compared to the most advan-
tageous value. The difference between the first and
the last position in the top ten is only 624km, which
means an excess of just 7.8%. Accessibility calculated
based on distances in the network reflects clearly that
the optimal position is a little to the west from the geo-
metrical Central. Main line No. 400 is the most iso-
lated, which is a consequence of its underdeveloped

Sieu Magherus

Zlatna

Arad, HU «----

Bucuresti

Satu Mare, HU, UA

---» Adjud

Miercurea Ciuc

Targu Seculesc

Bucuresti

Figure 6 - Graph model of the Central Development Region railway network
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connection with the main line No. 300. The global ac-
cessibility values are weakened greatly by dead-end
lines. A good example of this is the Medias - Praid
branch line, where Medias is the second globally most
accessible town, while Praid is the last in the acces-
sibility hierarchy. Also, in the case of other dead-end
lines there is a significant difference between the ac-
cessibility of the junction and the dead-end station. It
is obvious that if lines No. 307 (Praid) and No. 308
(Odorheiu Secuiesc) would provide a connection be-
tween main lines No. 300 and No. 400, and if there
was a north-south oriented rail connection between
these lines, the connectivity of the regional railway
network would be far better as well as the accessibil-
ity of the railway stations. This is another reason for
the importance of the Sighisoara - Tirgu Mures railway
line mentioned in the regional planning act.

In order to evaluate the impact of the planned
railway line in the context of this research, the exist-
ing graph was completed with the 45km long fictive
Sighisoara - Ungheni (which is located on branch line
No. 405 at 11km distance from Tirgu-Mures) railway
line, thus making the change within the railway acces-
sibility of the stations measurable. The result of the
program simulation was that the total distance nec-
essary to travel through the entire network was short-
ened by 24,848km, which means a decrease of 4.7%
compared to the actual situation. Due to their popula-
tion number and the state of their economy, the settle-
ments are of varied importance in the economic-social
system of the region and therefore the importance of
the railway connections between these settlements is
varied as well. So the impact of the planned railway

line would be not only a slight improvement in glob-
al accessibility, but rather a greatly improved railway
connection between the various towns. The two towns
gaining the most from this project would be obviously
the two above mentioned towns, and also the accessi-
bility of the settlements on branch line No. 307 would
be enhanced. The new line would alter the accessibility
hierarchy, the first five being Sighisoara, Dumbraveni,
Véanatori, Medias, Copsa Mica, which means that the
central position would move to the East compared to
the present situation. The railway access of Sighisoara
would improve greatly; it would advance by 11 posi-
tions in the hierarchy, and viewed from this starting
point the route necessary to travel through the entire
network would be shortened by 1,088km. Further-
more, Tirgu-Mures would advance by 19 positions in
the hierarchy to position 26 and the total distance nec-
essary to travel through other stations would be short-
ened by 1,445km.

With the new railway line the divergence of the
railway connections compared to the air distance be-
tween several important towns would be significantly
decreased. The railway distance between Tirgu Mures
and Brasov would decrease by 101km, which is a dif-
ference of 43% compared to the air distance and an
improvement of 79% compared to the present situa-
tion. In case of Tirgu Mures - Sighisoara connection
there would be an even more spectacular improve-
ment where the network distance would be decreased
by 141km with an improvement of 353% compared
to the ideal railway route (air distance). The route be-
tween Tirgu Mures and Odorheiu Secuiesc would de-
crease by 142km, which would be an improvement

N
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Figure 7 - Planned railway lines in the Central Development Region
according to Law 363/2006 (own edition)
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of 229% compared to the air distance between them.
The results reflect the fact that the new railway line
would have a positive impact on the railway accessi-
bility of Tirgu Mures and it would greatly improve its
connection to the Brasov - Bucharest - Constanta
axis. It is also important to mention that by the connec-
tion of the main line No. 300 with the branch line No.
405 a new, alternative axis would be formed on the
Sighisoara - Ungheni (Tirgu Mures) - Razboieni route;
which would be even shorter by 37km compared to the
Sighisoara - Teius - Razboieni route used at present,
and it would relieve the latter when necessary.

Giving it more thought, a second simulation was
made, where the initial model was extended with two
lines: Sighisoara - Tirgu Mures and Odorheiu Secui-
esc - Miercurea Ciuc. The latter - although it was
proposed in the 71/1996 regional planning act and
its construction was an issue more than once in his-
tory [13, 20] of the railway of the region -is no longer
relevant today. The reasons are the high construction
costs needed to cut through the Harghita Mountains,
the lower classification of line No. 308 as a second
class line and its poor technical state, as well as the
low competitiveness of the railway transport. Despite
these facts, these two lines would solve the majority of
the network topological problems caused by missing
rail connections. If we add to the graph a 50km long
railway line between Odorheiu Secuiesc and Miercurea
Ciuc, the route necessary to travel through the entire
network would take 45,936km, which would be an im-
provement of 8.7% compared to the present situation.
Besides, Miercurea Ciuc would advance 18 positions
in the accessibility hierarchy, while Odorheiu Secuiesc
22. The divergence from the ideal railway route in the
case of the Odorheiu Secuiesc - Miercurea Ciuc route
would improve by 503% and in case of the Odorheiu
Secuiesc - Gheorgheni route by 394%. The connec-
tion of Miercurea Ciuc with Sibiu (37%), Tirgu Mures
(38%) and Alba lulia (51%) would improve as well,
even if at a lesser extent. The new line would enhance
also the railway connection between Transylvania and
Moldavia, which is at present realized in this region by
travelling through either Brasov or Deda.

6. CONCLUSION

Although the need for the development of the trans-
port infrastructure is one of the most urgent problems
of Romania, there are significant differences between
the various ways of transportation. Governments in the
last ten years have unanimously concentrated mainly
on the development of the public road network, espe-
cially of motorways. Since there were no adequate in-
vestments after the fall of the Communist regime, the
competitiveness of the railway transportation, being
in an increasingly difficult situation, has dramatically

decreased. Thus, reality contradicts the plans for de-
velopment regarding various railway lines presented in
various strategic development documents. One exam-
ple is the National Development Plan elaborated for
2007-2013, which states that the percentage of the
railway transport should be kept at the present level.
This expectation seems quite utopistic considering the
international trends, as unrealistic as the cause of the
construction of new railway lines consistently included
in the National Development Planning Act since 1996.

Compared to this, the goal of enhancing the tech-
nical state of the existing railway lines, which would
result in the increase of the average speed, is a more
realistic aim. Such modernization would concern
mainly the main lines, especially the elements of the
TEN-T network. The target would be to assure an aver-
age speed of 160km/h in the case of passenger ser-
vice and 120km/h in the case of freight transport. A
key issue is the financing for the project, which is the
greatest impediment in the present economic situa-
tion despite the financial aid offered by the European
Union. The railway development project also contains
the renovation of several important railway stations in
the region - Sighisoara, Brasov, Sibiu, Alba lulia, and
Tirgu-Mures, Sfantu Gheorghe in the near future - and
the inauguration of ERTMS -ETCS (level 2 on the cor-
ridor and level 1 on the trunk lines).

In this context it is certain that the construction of
the railway line between Tirgu-Mures and Sighisoara
(mentioned in Law 363 of 2006) will certainly not take
place. And yet, considering the railway network mor-
phology of the region and the social-economic status of
Tirgu-Mures in the Central Transylvania, there are solid
arguments for building the line. The results obtained
with the help of the model showed that the new line
would create a competitive railway axis on the Tirgu-
Mures - Brasov - Bucharest - Constanta line. At pres-
ent this route can be travelled only with a significant de-
tour, and taking into consideration that a motorway will
be built on this route within the next years, the competi-
tiveness of railway transport shall continue to decrease
both in the case of passenger service and of freight
transport [29]. Besides, the secondary importance of
this line would be that a viable alternative to the railway
connection between Sighisoara and Cluj-Napoca would
be created. Arguments against the project are, among
others, that in order to build the line two watersheds
need to be cut through, and since there is a great incli-
nation angle tunnels would also be needed. Moreover,
bridges would need to be constructed on two rivers. All
these led to an enormous increase of construction ex-
penses on this quite short section.

On the other hand the largest artificial fertilizer pro-
ducing plant of Romania (even compared to interna-
tional facilities), Azomures, is located in Tirgu-Mures,
which has a great need for transportation. The Council
of the County of Mures initiated in 2003 the creation
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of the Mures industrial park at an 18km distance from
the town. The industrial park lies immediately next to
the international airport “Transilvania” and the Tirgu-
Mures - Razboieni railway line. In the industrial park,
covering a total area of 40.9 hectares, 22 companies
have plants and further investors are expected. All this
leads to the conclusion, that the need for transporta-
tion in the immediate surroundings of Tirgu-Mures will
remain high in the future and it may even increase.
The question is whether this need will be met at a
greater extent also by the more environment-friendly
railway transportation, or primarily by the public road
transport.

The importance of developing secondary railway
lines is often underestimated in transport policy, lead-
ing to huge regional disparities. Such developments
are characteristic of Romania, as well. So-called boom-
towns and their direct surroundings, as the Bucharest,
or the Timisoara regjion, are in opposition with spa-
cious rural areas, such as the north-eastern region.
The main focus of the European transport policy is on
strengthening the traffic development projects along
the Pan-European Corridors to connect the agglomera-
tions of the European Union. One of them, Corridor 1V,
crosses the Central Development Region. Through its
geopolitically important position, Romania is the gate
to the Caucasus and Central Asia with its significant
raw material deposits and growth markets. In this con-
text, the construction of road, railway, and waterway
infrastructure along these corridors is gaining more
and more importance for Romania.

The other side of the coin regarding these traffic
development projects is the concentration on large-
scale projects. Consequently, the economically under-
developed regions will be disregarded, leading to em-
igrations from these areas to regions along the more
developed corridors. Therefore, sustainable invest-
ments in rural areas counteract regional disparities.
The Central Development Region is rurally coined.
As shown, the planned railway connection between
Targu-Mures and Sighisoara would have a positive
effect on underdeveloped regions. Secondary railway
lines are essential for having enough traffic volume
(in passenger and freight transport) on the main
lines, as well. They are gradually taking over the col-
lecting role in the region and bring additional volume
to the main lines. Traffic volume cannot be generated
just along the main corridors. Main lines that serve
exclusively to connect different agglomerations, with-
out collecting an additional number of passengers
and additional amounts of freight from the second-
ary lines, cannot be operated economically. Finally,
the construction of a new railway line between Targu-
Mures and Sighisoara will give way to the appear-
ance of new markets promoting the products of local
industry, such as the products of Azomures. Creating
a better-connected railway network in Central Ro-

mania will allow the railway system to take over the
transport of raw materials as well as final products
due to the reduced transport costs. Less truck traffic
on the roads is not only a positive economic effect
but it also allows better quality of life by offering bet-
ter accessibility to other regions and a reduced num-
ber of trucks on the roads. Therefore, freight traffic
on railways should have a higher priority in the traffic
policy of Romania if they are to fulfil these aims. The
impact of infrastructure development in rural areas
should not be underestimated, especially in the Eu-
ropean context.

CSONGOR MATHE, PhD

e-mail: csongor.mathe@geografie.ubbcluj.ro
Babes-Bolyai Tudomanyegyetem

Foldrajz Kar

Clinicilor u., 5-7 sz., 400006, Kolozsvar, Romania
ERIKA TAMASI, PhD

e-mail: tamasierika@yahoo.com

Sapientia-EMTE

Természettudomanyi és Mivészeti Kar

Matei Corvin u., 4 sz., 400112, Kolozsvar, Romania
GEZA SCHUBERT, Phd.c (M.S.)

e-mail: GezaSchubert@gmx.de

Bécsi Egyetem

KIVONAT

ROMANIA KOZEP FEJLESZTESI REGIOJANAK
VASUTHALOZATA: JELENLEGI HELYZETKEP VALAMINT
A HALLOZAT FEJLESZTESI TERVENEK ELEMZESE A
GRAFELMELET SPECIFIKUS ALKALMAZASAVAL

Tanulmanyunkban Romania KG6zép Fejlesztési Ré-
gidjanak vasuthalozatat elemeztiik, kitérve a meglévé disz-
funkciokra, a halozat sziik keresztmetszeteire, valamint
kisérletet tettlink a régié vasuthalozatat érintd fejlesztési
tervek hatasanak felmérésére. A régio vasithalézatanak
mértékben befolyasolta, ezért a tanulmany elsé szakaszaban
attekintjliik a legmeghatarozobb okokat, eseményeket és
mérféldkdveket. Célunk a régié vasuthalézatanak jelenlegi
felmérése mellett, a Segesvar és Marosvasarhely kozott
tervezett Gj vasttvonal hatasanak modellezése képezte. En-
nek megfeleléen minGségi és mennyiségi elemzéseket vé-
geztlink el kitérve a vonalak forgalmara, a szerelvények at-
lagsebességére, véglil a grafelmélet alkalmazasan alapuld
maodszerrel modelleztiik a halézati kapcsolatok fejlédését a
tervezett Uj vonal megéplilése kévetkeztében. Az eredmé-
nyek arra engednek kévetkeztetni, hogy Marosvasarhely
vaslti elérhetéségének Brasso iranyaban torténd javitasa
egy életképes lehetbség, amelynek szlikségességét indokol-
ja az a tény hogy a kdzeljovében megéplilé Marosvasarhely
- Brasso6 autépalya ezen a tengelyen komoly konkurenciat
fog jelenti a vasuti szallitas szamara.

KULCSSZAVAK

Romania K6zép Fejlesztési régidja, Gj vasutvonalépités,
vaslthalozat, grafelemzés, vasuti szallitas elérhetésége
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