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ABSTRACT

Many kilometres of railway lines are disused in territories where the railways had been dependent on
industrial development. The current broad concept of heritage and its territorial character make the
proposition of these lines as territorial structuring systems possible. Nevertheless, most of the actions
for their protection, restoration or enhancement are fulfiled in some isolated elements, not attempting to
understand the line as a territorial system that is formed not only by the nodes but also by the connecting
thread. Furthermore, the passage of time and the lack of use have made many heritage elements be in
danger of disappearing, if not already disappeared. In this regard, this article emphasizes that the analy-
sis of the disused railway lines should be performed with a comprehensive vision in order to achieve
the same results for their protection or for future interventions. This paper aims to create a GIS-based
inventory and a comprehensive analysis method for the characterization and classification of disused
railway lines of a territory, understanding them as complex systems. The way to address the issue is
to avoid the decomposition of the system and favour the maintenance of the structuring nature that the
railway lines originally had in each territory, which is one of the most important features for their pos-
sible reuse in the new territorial view of the 21st century. In this way, the proposed methodology has
been applied on the disused railway lines of the Basque-Navarre territory.

Keywords: comprehensive method, disused railway lines, GIS-based inventory, railway heritage.

1 INTRODUCTION

The closure of many kilometres of railway lines was induced throughout the second half of
the 20th century due to the competition from road transport as well as from industry decline.
The railway was closely linked to industrialization and subsequent urban development in its
arrival, so it was actively involved in the profound changes that were occurring in cities [1].
What is more, it was linked to the structuring of the surrounding territory as well as organ-
izing it hierarchically. It had a selective power to choose some areas and exclude others [1],
thereby affecting territorial evolution. Their closure should be understood as a turning point
in this territorial evolution and as an excellent starting point for a next stage. These disused
railway lines set a railway heritage of great interest, but some problems for the creation of
future possible strategies have been identified.

The first problem is that the lack of use and passage of time have made railway heritage to
be in danger of disappearing. The inherited railway heritage has been adapting to the new
needs of railway and even to new uses after their closure. The lack of use endangers this her-
itage because it accelerates the deterioration process considerably. This factor makes it
difficult to have constantly updated information, which in turn is essential to create new
strategies and ensure the future of that heritage.

The second problem is the observed mismatch between theoretical and practical achieve-
ments. The concept of heritage has been extended from monuments to cultural and natural
heritage in the past decades [2], which has led to the emergence of new categories that engulf
a broader nature. Although the promotion of the railway heritage is still at an early stage, this
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heritage has been already recognized as a cultural heritage and it is linked to other subtypes
of heritage, such as industrial or public works. This has helped to understand the railway
heritage in its entirety. In addition, industrial railway heritage assets are classified into differ-
ent groups as movable assets, real estate, facilities or infrastructure of the road [3]. Thus, a
system in which the value comes from the existence of a structured set with global signifi-
cance is formed [4] and the principal value of its set of components is being an integral part
of a whole [5]. Furthermore, railway heritage is directly related to the surrounding territory
and landscape. Disused railway lines are in constant interaction with their environment. That
is why, nowadays, they are part of the concept of the cultural landscape defined by UNESCO
in 2008 [6] or the cultural route defined by ICOMOS in 2008 [7].

Although the broad concept of heritage and its territorial character pave clear steps for a
comprehensive vision of the theoretical understanding of this heritage, an integrated and
cross-cutting management should also be involved. In this regard, a mismatch between theo-
retical and practical achievements demonstrates the difficulty to apply this integrated view
[4]. Indeed, the actions taken for their protection, restoration and enhancement, are fulfiled in
some isolated elements losing the system nature they once had.

On the one hand, there have been initiatives to protect these systems with a comprehensive
vision. Some examples are the protection as ‘industrial landscape’ proposed in the Basque
Country [8] or the existence of the legal figure of ‘industrial landscape’ in Navarre [9], both
in Spain. But in practice, the legally protected items are isolated elements and their figures
have a limited scale. On the other hand, restoration and enhancement interventions are gener-
ally focused on isolated elements and buildings (nodes) or on the line, but not on the whole.
Interventions in nodes mainly focus on the rehabilitation of stations and their environments,
and they may be carried out by the councils of each municipality or specialized associations.
In spite of the work of documentation, protection and restoration that they have developed,
each element is considered in isolation and with varied uses, which may lead to the fragmen-
tation of the system. Interventions in line or path have specially focused on their reuse as
non-motorised transport infrastructures (Greenways or Rail-Trails). The restoration of the
built railway heritage is proposed as part of them, although in practice this type of interven-
tion focuses on a single node.

This paper argues that approaches regarding the protection of disused railway lines could
go a step forward by means of an integrated enhancement that is able to take advantage of the
potential of the whole system. The literature offers some theoretical approaches, such as the
methodology for the analysis of disused railway lines as complex systems [10], in which this
paper is based, or the guidelines for putting in value stations and other built railway heritage
as a whole [11].

Taking all these into account, this article emphasizes that the analysis of the disused rail-
way lines should have a comprehensive vision in order to achieve the same results for their
protection or for future interventions. The constant updating of data is considered essential
for this achievement. In this regard, this paper aims to create a GIS (Geographic Information
System)-based inventory and a comprehensive analysis method for the characterization and
classification of disused railway lines of a territory, understanding them as complex systems.
This conception enables keeping the structuring nature they once had in the territory. This is
one of the most important features for their possible reuse and influence in the development
of their environment, again making the proposition of these lines as territorial structuring
systems possible.
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Figure 1: The two components of a railway system (left) and their elements (right).

2 THE DISUSED RAILWAY SYSTEM (DRS)

The concept of disused railway system (DRS) has been already defined in literature [10]. As
a background, it is necessary to understand that a system is characterized by their elements or
parts as well as the interactions between them, each part being based on another [12]. In this
regard, a railway is a territorial system, formed not only by the nodes but also by the connect-
ing thread, Fig. 1. The connecting thread is the path, which creates longitudinal flows in the
territory, and consists of a linear infrastructure and all specific elements that make it possible.
Meanwhile, the nodes are the areas of stations or halts that create the connection between the
rail line and the territory, and can be formed either by a simple shelter or by a set of buildings.
The railway is a complex system that has acted as a structuring element of the territory when
it arrived. It had a favourable influence area around, which was served by the train, excluding
territories through which the train did not pass, thereby creating a territorial hierarchy. The
nodes in turn created a second hierarchy within the system. In this way, railways and their
stations became integrated with the axis of the city and society, into the hubs of the economic,
social and cultural activities [13].

Disused railway lines are also understood as territorial systems composed of their nodes
and connecting thread. Consequently, the set of built railway heritage acts as part of the sys-
tem, where the line gives meaning to all elements, its connecting ability being the most
favourable feature to consider [11]. In this case, the relation between the system and the ter-
ritory is limited not just to the existing nodes, because any external element could work as a
node due to the variety of possible future uses of the system.

3 METHODOLOGY: INVENTORY AND COMPREHENSIVE ANALYSIS

The analysis of disused railway lines as complex systems is proposed in this paper. In this
regard, an inventory and a comprehensive analysis of each system provide the characteriza-
tion of each disused line, Fig. 2. On the one hand, a GIS-based inventory facilitates a correct
data structuration and a continuously actualised data set, in order to know the current state of
the heritage. On the other hand, a comprehensive analysis, based on the previous defini-
tion of DRS, results in the potential of territorial structuring of the analyzed system.
Furthermore, the study of the different DRSs of a certain territory makes it possible to create
a classification of these systems, Fig. 2.
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Figure 2: Methodology diagram for the analysis of DRSs.
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Figure 3: Information required for the GIS- based inventory.

3.1 GIS-based inventory of railway heritage

Due to the continuous damage and disappearance of the heritage elements of the systems, a
GIS software is selected because it permits easy data storage, management and updating. The
GIS-based inventory could provide large amount of high-quality, georeferenced and con-
stantly updating data, in order to obtain information of different periods. Historical data
related to the period in which the railways were in use and their current status are required for
the analysis proposed below.

The information of each system is structured according to its components, i.e. according
to the data referred to the line and the nodes. Two types of shapefiles are created in order to
define each disused railway line (system): a linear shapelife (path) and a point shapefile
(nodes). Figure 3 shows the selected information for each period and type of shapefile. The
inventory should be detailed according to the selected analysis scale. The analysis of differ-
ent systems, as in this case, requires data that must be comparable, so few specific data
should be selected. In addition to the inventory referred to all the systems, the data related to
territory is compiled for the comprehensive analysis. As mentioned in the introduction, rail-
way heritage is directly related to its surrounding territory, generating relationss between
them. Thus, a polygon shapefile with municipal boundaries is created to represent the sur-
rounding territorial data. The required attribute table of these shapefile is defined with the
following characteristics: ID; Name; Area; Population (beginning of the railway activity);
Population (closure of the railway activity); Current population. Finally, other shapefiles are
used to represent towns and rural communities, rivers, protected natural areas or main
infrastructures.
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3.2 Comprehensive analysis method

Taking into consideration the previous definition given for the concept of a system, the com-
prehensive analysis covers both component elements and their relations, dividing the analysis
into four different areas. As a result, the characterization of each selected disused railway line
is obtained, with the aim of creating a classification of different systems with reference to
their capability to work as a structuring element in the territory. The higher the capability, the
wider the range of future strategies that the line can include for a new use.

Two variables are obtained in each analysis area. One of them refers to the historical or
constant state of the system, whereas the other refers to the current state. Depending on the
combination of the range of these variables, the system will be classified into one of the five
categories related to its territorial structuring capability, Fig. 4. 1, 2 and 3 represent a real
capability, whereas 4 and 5 represent a future possible capability. This is because it is consid-
ered that the historical analysis provides interesting data, especially in cases where the current
analysis results are less favourable. A system with a high territorial structuration or integra-
tion in its historical status enables the recovery of this system with same characteristics.

The proposed comprehensive analysis is performed in four areas: the line, the nodes, the
relations between the system elements (internal) and the relations between the system and the
surrounding territory (external).

On the one hand, the elements involved in the system are analyzed, without taking into
account the relations they have with other elements or their environment. In a railway system,
the main elements are two: the line and the nodes. Related to the line (A in Fig. 5), data such
as track gauge or type of transport can be very characteristic to understand the evolution or
the closure of a railroad. Nevertheless, the level of preservation of the line is considered as
the main factor to define the system and its possible recovery of the structuring effect on the
territory. Therefore, the percentage of preserved line and the current state are measured. The
last one consists of the state of preservation (ruin, poor, regular or good), its general use and
the reversibility of the disappeared sections. In reference to the nodes (B in Fig. 5), the col-
lected data allows an easy measurement of the preservation level of built heritage, as well as
the characterization of each system. The higher the level of preservation, the greater the pos-
sibilities for system recovery, assuming different types of uses. The percentage of preserved
elements or items is the first variable, whereas their current state is the second. Three indica-
tors are defined for this second variable: state of preservation (ruin, poor, regular or good),
percentage of disused items and percentage of items with public use.

1: WIDE RANGE CAPABILITY

HISTORICAL OR
CONSTANT STATE CURRENT STATE high ranges in both historical and current state
. . 4: COULD HAVE WIDE RANGE CAPABILITY
variable 1 variable 2

high range in one variable and middle in the otheror
high range in the historical state and low in the current

S ~ 7 el 2: MIDDLE RANGE CAPABILITY

' ’ middle ranges in both historical and current state
range 2 <K~ range 2

5: COULD HAVE MIDDLE RANGE
low range in one variable and middle in the otheror
range 3 1</ /5 range 3 low range in the historical state and high in the current

low ranges in both historical and current state

Figure 4: Different ranges of the two variables and the resulted categories.
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Figure 5: Components and created relations in a DRS.

On the other hand, the relations existing between the system elements and that created
between the system and the surrounding territory are analyzed, thus defining two types of
relations. The relations created between the system elements are called internal relations, in
this case, those created between the line and the nodes (C in Fig. 5). The first variable, con-
cerning the historical state of the line, is deduced from the distances between the nodes,
considering both all nodes and only those which comprised any building. The second variable
is inferred by the distances between existing nodes and the length of the line in relation to the
floor area of the existing buildings. The relations created between the system or its elements
and the surrounding environment are called external relations. In this case, the line, the nodes
and the whole system are related to the territory. First, in ‘line/territory’ relations (D in Fig. 5),
the population and the municipal surface area concerning the line are analyzed for the his-
torical state, while the population, the municipal surface area and the number of towns and
rural communities related to the line are studied for the current state. Secondly, in ‘node/ter-
ritory’ relations (E in Fig. 5), the population and the municipal surface area regarding the
number of nodes and buildings are analyzed for the historical state, while the population and
the municipal surface area related to the number of nodes and their surfaces areas are studied
for the current state. Thirdly, in ‘system/territory’ relations (F in Fig. 5), the existence of riv-
ers or mountains crossing the line is observed for the historical or constant state. For the
current state, two indicators are analyzed: 1) the existence of protected natural areas and 2)
the existence of current or future elements for the strengthening of the line axis.

Finally, the uniformity of the system is checked because the analysis conducted focuses on
the mean values for each data and a further examination may allow a more accurate approxima-
tion. The construction of box-plot type graphs, from data of relations between nodes and line,
allows deciding whereas a division of the analyzed systems into zones is necessary. One reason
for the division could be that line sections with very different characteristics exist within the
same system, due to an unequal distribution of the nodes or specific territorial characteristics.
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The interquartile range or the existence of outliers of such graphs will be considered for this. If
a division is necessary, the analysis will be carried out again for each divided section.

The results for each part of the analysis (A, B, C, D, E, F) will be represented in the previ-
ously defined categories (1, 4, 2, 5, 3), by measuring the capability of territorial structuring
of the system and obtaining the characterization of each DRL.

3.3 Classification of DRLs

As a final step, PCA (Principal Component Analysis) and k-mean classification are used to
compare and classify the different systems in order to design future common strategies for
their promotion. The PCA is parameterized using Pearson correlation with a significance
level at 95% applied at the initial matrix. The principal components, the contribution of each
variable and the coordinates of components for each DRL are obtained. The k-mean classifi-
cation is employed with 500 iterations and a convergence value of 0.00001. The data is tested
with the coordinates of the first three component axes obtained from the PCA.

4 STUDY AREA AND DATA: INVENTORY OF THE BASQUE-NAVARRE DRSS
The main disused railway lines of the Basque Country and Navarre (Spain) have been selected
for the application of the proposed methodology. The Basque Country is the territory with the
highest percentage of kilometres of disused railway lines per km? in the state [14]. The clo-
sure of the last line was in 1987 and, hence, the current deterioration of most of the assets
begins to rise considerably. In the study, twelve lines that were used for the transport of goods
and passengers have been selected. They are the ones that may have some potential in the
regional planning of their surrounding areas.

The inventory of the Basque-Navarre DRSs has been developed by means of data collec-
tion and fieldwork performed. On the one hand, the railway heritage of the Basque Country
and Navarre has been identified and inventoried in a GIS software, providing us constantly
updating data. On the other hand, the creation of different maps and analyses in GIS is pos-
sible, such as the analysis of the historical development of the system or the preservation state
of the nodes, in order to understand these lines as complex systems.

The inventory comprises several systems and each system includes the line and multiple
nodes, Fig. 6. In this case, 12 lines and 217 nodes have been identified and analyzed in total.
All these data have been structured depending on the periods mentioned before (definition,
railway period, disused period). Otherwise, the data concerning the territory are obtained
from the spatial data infrastructures of each territory (Basque Country: geo.euskadi.net; Nav-
arre: idena.navarra.es). Historical and current demographic data are also included from the
Basque Statistics Institute (Eustat), the Statistical Institute of Navarre and the National Insti-
tute of Statistics, INE. In this study, the demographic data of 1930 and 1981 were compiled
for the historical state. In the first date, all selected lines had been already constructed,
whereas in the second, all of them had been closed or were on the verge of it.

5 RESULTS: CHARACTERIZATION AND CLASSIFICATION OF DRLS
5.1 Comprehensive analysis of the Basque-Navarre DRSs

The analysis has been applied in the six mentioned parts (A, B, C, D, E, F) of each system,
taking into account both component elements and their relations. The part of the analysis
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Figure 6: GIS-based inventory of the Basque-Navarre DRSs.

referred to the line (A) has been neglected due to the similarities in the results. Nowadays, all
selected lines have similar gauge (narrow gauge) or current use (greenway or cycle lane).
That is why the paths remain at a high proportion although some kilometres have
disappeared.

In the analysis related to the nodes (B), the presented two variables (see section 3.2) have
been obtained from collected data and divided into four ranges, Table 1. The first variable
refers to the percentage of nodes preserved, while the second refers to their current state of
preservation. Depending on the combination of these variables, the disused railway lines are
categorized in the previously presented five categories, which represent the capability range
of the territorial structuring of the system (B in Table 2). The data referred to line/node
analysis (C) is also shown and categorized in Table 1. The same categorization has been
applied for the created external relations (D, E and F) of the studied lines and the results for
each study area are shown in Table 2.

The main conclusions of the analysis have been obtained once the comprehensive method
has been carried out. On the one hand, Urola railway has the best results because it was the
last to close and it preserves almost all its nodes. This means that it has a high territorial
structuring potential, in order to cover new uses beyond the current greenways. On the other
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Table 1: Data referred to the node analysis (B) and line/node analysis (C), both ranged in

4 levels.
state of preservation % disused

NODE existing % of  public use
ANALYSIS (B) nodes % ruin  poor regular good existing % of in use
Urola 84.21 0.00 31.25 25.00 43.75 - 71.43
Maltzaga-Zumarraga _
Vasco-Navarro 73.33 2424 9.09 3.03 6364 3333 54.55
Durango-Elorrio 66.67 0.00 0.00 0.00 100.00 0.00 100.00
Plazaola 28.57 0.00 0.00 7143 28.57 60.00
Tudela-Tarazona 100.00 0.00 16.67 33.33 50.00 50.00 66.67
Traslavifia-Castro 55.56 20.00 0.00 20.00 60.00 20.00
Sestao-Galdames - 0.00 000 5000 50.00 0.00  100.00
Sondika-Mungia 000 0.00 0.00 100.00 RO
Bilbao-Lezama 100.00 0.00 0.00 0.00 100.00 0.00 100.00

Irati 16.67 0.00 33.33 50.00 16.67
Bidasoa 20.00 0.00 0.00 80.00 20.00
VARIABLE 1 HISTORICAL VARIABLE 2
OR CONSTANT STATE CURRENT STATE

range 1 range 1

range 2 range 2
NODE/LINE nodes per buildings buildings floor surface
ANALYSIS (C) line km per line km per line km per line km
Urola 0.68 0.52 0.44 244.12
Malizaga-Zumarraga S04 368
Vasco-Navarro 0.33 0.24 87.67

Durango-Elorrio
Plazaola
Tudela-Tarazona
Traslavina-Castro
Sestao-Galdames
Sondika-Mungia
Bilbao-Lezama
Irati

Bidasoa

0.27 257.27

0.62 0.44

0.62 0.41
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Table 2: Results for each analyzed area of the comprehensive analysis method.

B C D E F B C D E F

1: wide range Maltzaga-Zumarraga 3 3 2 3 2 u2z 4 1 1 2 1
capability (c.)  Vasco-Navarro 2 2 2 2 2 VNI 4 2 2 3 1
4: can have a Durango-Elorrio 12 2 2 1 VN2 2 3 2 2 3
wide range c. Plazaola 2 323 1 VN3 1 2 2 3 2
2: middle Tudela-Tarazona 1 4 2 5 5 VN4 2 4 3 2 4
range c. Traslavifia-Castro 2 2 2 4 5 VN5 1 4 3 1 4
5: can have a Sestao-Galdames 551 3 5 - 33 2 3 5
middle range ¢.  Sondika-Mungia 2 5 2 5 2 2 2 2 3 2 4
3: limited Bilbao-Lezama 1 2 2 3 3 Bl 3 4 1 2 1
range c. 2 2 2 34 B2 3 325 1
Bidasoa 55 3 2 1 B3 2 4 2 2 1

hand, the results of Maltzaga-Zumarraga, Plazaola and Bilbao-Lezama railways show that
they have fewer possibilities to assume different uses for the territorial structuring, leaving
their future direction towards the use of their paths as territorial union.

The uniformity analysis of nodes/line relations, done by box-plot type graphs, shows that
some railway lines need a division into zones for the achievement of more accurate results.
For instance, in Urola railway, two adjacent outliers are obtained, which represent the divi-
sion of the system into two zones. In Irati and Bidasoa railways, some of its nodes have
disappeared by zones, so some outliers far from the remaining values appear, creating differ-
ent zones, two in Irati and three in Bidasoa. Finally, in Vasco-Navarro railway, the obtained
outliers are scattered and the division is not so clear, so a partition that fits the territorial dis-
tribution has been made (five zones). The results of the comprehensive analysis on the divided
zones could be observed in the right part of Table 2. The results of the division show that, Irati
and Bidasoa railways present a zone where the results are worse than the ones obtained
before the division. It means that the division is adequate to understand the system in these
two railways. However, in the Urola railway case the division adds nothing new to the analy-
sis. Finally, although there is a zone with different results, the proposed division in
Vasco-Navarro railway is not clarifying, probably due to an excessive fragmentation.

5.2 PCA and k-mean classification of DRLs

The PCA analysis has been applied in the eight whole lines and the 12 zones of the four
divided lines. The correlation matrix shown in Table 3 reveals that the preservation of nodes
(B) is intercorrelated with the relation between the line and the nodes (C), while the latter is
also correlated with the relation between the nodes and the territory (E). Meanwhile, the rela-
tion between line and territory (D) and the relation between the whole system and the territory
(F) are not correlated with any other variables.

The first three components account for the 84.5% of the total variance, with a variance of
up to 18%, while eigenvalues fall less than unity after the first two components, Table 3.
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Table 3: Correlation matrix of the PCA (left). The values in bold represent significant cor-
relations (95%). Component characteristics of the PCA (right). The values in bold
are meaningful.

B C D E F Component F1 F2 F3 F4 F5

B 1 Eigenvalues 2.196 1.126 0.903 0.570 0.204
Variance (%) 43.924 22.529 18.051 11.406 4.090
% cumulated 43.924 66.453 84.504 95.910 100.000

C 0573 1
D -0.253 0.000 1

E 0.297 0.600 —0.285 1
F 0.006 0.363 0.000 0.289 1

These three components are presented in Fig. 7. On the one hand, the first component or fac-
tor (F1) has a variance of 43.92% and is determined by the items related to the nodes (B, C
and E), as expected in the correlation matrix. On the other hand, the factor F2 (22.53%) is
characterized by line/territory (D) and system/territory (F) relations. Finally, the third factor
F3 (18.05%) sets the line/territory (D) relations and, to a lesser extent, the preservation of the
nodes (B) against the system/territory (F) relations. In this regard, the two first components
are able to represent all the variables easily. The 20 DRLs are represented depending on the
new principal components, Fig. 7.

The k-mean classification has implemented the coordinates of the first three principal com-
ponents and DRLs have been distributed into three groups, Table 4. Seven elements have
been classified in group 1, and nine in group 2. Four of the latter are part of the same disused
line (Vasco-Navarro), which has its most unfavourable zone in group 1. Urola and two
sections of the Bidasoa railway comprise the third group.

The three groups show similar coordinates for the third component, so they are mainly
characterized by the first two, Table 5. K-mean classification has also been made for these
two components and only one of the DRLs has a change of group (Bilbao-Lezama is located
in group 1), since it results are related to a single node. Group 1 is characterized by low node
potential but presents better results in relation to the line characteristics and the territorial axis
that are located around it. That is why the future of these DRLs should be related to the trans-
portation connections that the line could create, and uses such as greenways could be
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Figure 7: PCA components and the corresponding new values of DRLs.
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Table 4: DRLs of each group.

Group 1 Group 2 Group 3

Maltzaga-Zumarraga Plazaola Durango-Elorrio Tudela-Tarazona Urola (1) Urola (2)
Sondika-Mungia Bidasoa (2) Traslavifia-Castro Bilbao-Lezama Bidasoa (1) Bidasoa (3)
Vasco-Navarro (2) Irati (1)  Vasco-Navarro (1) Vasco-Navarro (3)
Sestao-Galdames Vasco-Navarro (4) Vasco-Navarro (5)

Irati (2)

Table 5: Characteristics and centroids (F1, F2, F3) of groups. N is the number of DSRs per

group.

Group N F1 F2 F3 Observations

1 7 -1.629 -0.006 -0.306 Low potential in relation to the nodes and
medium territorial potential

2 9 0.685 —-0.666 0.127 Medium/high potential of the nodes and
medium/low territorial potential

3 4 1.309 1.508 0.250 High potential of the nodes and high

territorial potential

appropriate. Although group 2 does not show so much potential in relation to the territorial
scale, the characteristics of the nodes and their relations make possible the use of these DRLs
for the development of the surrounding urban and rural areas, including the use of the line for
connections at local level. Finally, group 3 has high potential in all areas, that is why these
specific DRLs are the most suitable to take advantage to their territorial structuring capabil-
ity, creating comprehensive proposals that are able to integrate the whole system including
the enhancement of the nodes to the general proposal of the line.

6 CONCLUSIONS
Disused railway lines have been frequently studied from their opening to their closure from
different points of view, such as economic, historical or urban development [1, 13, 15, 16].
However, of the need for a comprehensive analysis of their historical and current situation is
identified in order to develop future possible strategies to their maintenance and
enhancement.

This paper creates a comprehensive analysis method and a GIS-based inventory for the
characterization and classification of disused railway lines, understanding them as complex
systems. A division of the study on the elements as themselves and on their relations is pro-
posed, comprehending thus each railway element as part of the whole railway system. In this
way, the surrounding territory is also taken into account, which permits a more extensive
study of the disused lines. In this regard, the territorial structuring potential of the DRS is
shown, in order to cover new uses beyond the current greenways while promoting the preser-
vation of this heritage. Furthermore, the historical performance of the railway as a system and
its integration into that period’s territory are considered in addition to the current data. They
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are essential for the creation of future strategies to take advantage of the structuring character
they had in the past, which is one of the most important features for their possible reuse in the
new territorial view of the 21st century. In this regard, although several elements have already
disappeared, items such as heritage traces or collective memory are related to the historical
analysis. A GIS-based inventory is used, permitting an easy storage, management and updat-
ing of data referred to the different periods. In this way, the continuously updated current
state of the elements is provided, which is necessary due to the continuous damage and disap-
pearance of the heritage elements of the system. Although the inventory provides a lot of
information referred to the system elements, it is not able to provide information about the
created relations. However, it is possible to appreciate some differences between lines and
zones in the created maps and conclude some of the reasons, such as the long period between
their closure years or the existence of big or dense cities that could have urban development
pressures.

The methodology has been applied to a real case, where the disused railways from the
Basque Country and Navarre have been studied in depth. However, any other territory with
several disused lines could be also analyzed by means of the comprehensive method. The
application is based on the analysis of a system composed by a linear component (the line) and
some point components (the nodes). That is way the presented method could be widespread to
other territorial linear systems such as rivers and their hydroelectric plants or cattle routes.

In this case, the results of the characterization have already shown the high potential of the
Urola line or the low potential of the Maltzaga-Zumarraga line, which are confirmed in the
PCA and k-mean analyses. However, it is more difficult to read the results especially in
the cases where the results of the different areas have variations between them. In this regard,
the PCA analysis has shown the relations between the different analysis areas creating new
components, while the k-mean classification has provided a suitable grouping of the lines.
The three groups characterized by only two main factors have permitted to identify future
approaches that each line could have for its preservation and enhancement. Group 3 is the
most unfavourable, so it will be difficult to create new uses beyond the greenways. Mean-
while, in group 2 and especially in group 3 new uses that combine the different elements of
the system should be proposed, where the preservation of the heritage elements should be
ensured. K-mean classification has also confirmed the necessary division into zones of some
of the lines. Previously identified unfavourable sections of Irati and Bidasoa railways are
located in group 1, while other sections are located in group 2 (Irati) or group 3 (Bidasoa). In
the case of Urola, both sections are located in the same group, claiming that there is no neces-
sity for that division.

To conclude, the comprehensive analysis has been limited to less quantity and more
selected information since the analysis of different systems requires data that must be com-
parable in order to create a classification between them. That is why the inventory and the
comprehensive analysis should be detailed according to the selected analysis scale. Mean-
while, the characterization obtained from the analysis of each DRS results is inaccurate,
requiring a more detailed and specific study as a multilevel approach with more information
in each of the areas.
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