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Abstract: Throughout the last decades, light rail transit systems (LRT) have been built around the
world due to their strengths: regularity, savings in CO2 emissions, flexibility, image and optimiza-
tion of urban space. This research proposes the analyses of a group of LRTs by using a method
supported by GIS. Some data and parameters have been stated in order to define the systems. The
range of values obtained allow us to characterize the LRT systems operating in Spain: for instance,
mean distance range between stations is 405 m to 685 m, and potential users range (people who live
no more than 500 m from a station) is 18,000 to 30,000, and population density in the capture areas
is never below 1514 pop/km2 (in cities with no metro system). The benefit of the present study is to
establish common data values that could be useful in future studies and preliminary projects carried
out in other Spanish cities interested in introducing an LRT in their urban grid, and also for com-
parison with LRT in other countries. The method could be also applied to other public transporta-
tion systems, and to other countries.

Keywords: LRT; TOD; QGIS; public transportation; country analysis

1. Introduction

In recent years, numerous light rail transit (LRT) system projects have been under-
taken in Spain, as in other nearby countries, such as Portugal, United Kingdom, France
and Greece, after the success of the Nantes tram inaugurated in 1985, which for many
marks the beginning of the renaissance of this transportation mode [1-3], and in other
places, such as the United States [4]. Since 1994, LRT systems have been put into service
in 11 Spanish metropolitan areas (Figures 1 and 2). Some are core elements of the urban
transit system (Zaragoza or Tenerife), while others complement more complex structures
with greater capacity, such as the schemes around Madrid, such as Boadilla and Parla.
There is evidence that such systems have been proposed in other places such as Pamplona
[5], and in some cities there are well-advanced works for their future installation, such as
in Cadiz and Jerez de la Frontera [6]. LRT systems are excellent for their regularity, sav-
ings in CO:z emissions, flexibility, image and optimization of urban space [7], and they
have positive effects on urban growth and quality of life [8-10], and also increase active
travel [11].
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Figure 1. Cities with LRT and year inaugurated. Barcelona includes the Trambaix and Trambesos
systems; Madrid includes the Pozuelo, Boadilla, Sanchinarro and Parla systems.
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Figure 2. Cumulative LRT inaugurated in Spain (1994-2017).

As mentioned elsewhere, for an LRT system to be successful in a consolidated urban
context, it must be preceded by careful planning combining cost, potential user, travel
time and frequency studies, in order to choose the best possible alternative [3,12-14].

In this study, we applied QGIS open software to collect core data on potential and
real users of LRTs in Spain, as well as other parameters related to urban geometry. With
it, we were able to evaluate acceptance of each system along with other data referring to
the systems evaluated here. The main objective, and therefore the research question, is the
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determination of a range of values for some parameters that characterize the various LRTs
operating in Spain, in order to establish model values that can be used in future studies
and preliminary projects in other Spanish cities showing interest in introducing LRTs in
their urban grid. In addition, this study is the basis for future more detailed studies com-
bining the results found here along with other variables that could predict future ac-
ceptance of other LRTs under study.

2. Literature Review

The European Conference of Ministers of Transport has defined light rail as a rail-
borne form of transport that can be developed in stages ranging from the modern tram to
a rapid transport system operating on its own right of way, be it underground, at ground
level, or elevated [15,16]. Ideally, light rail is a form of railway urban transportation sys-
tem, that is not a heavy traditional form of railways. The interest for LRT systems in the
whole world has been increased in the last years, and relevant projects have been con-
ceived and therefore analyzed in Europe [15,17], Africa [16,18], Asia [19,20], Australia
[21,22] or America [23,24].

The reason for its relevance can be found in its advantages. LRT contributes to reduce
the local atmospheric pollution and, in general terms, operates against the global warming
[25]. Moreover, the reduction of car trips from overcrowded roads, another consequence
of new LRT schemes, offer new spaces for pedestrians and therefore promotes active
travel [26-28], although it could generate accidents if the stations surroundings are not
well designed [29]. In terms of economics effects, new LRT systems have been linked to
the generation of new business in the city [30] and to the increase of property values [31];
furthermore, positive impacts on labor market accessibility has also been detected [32].
Finally, new projects cultivate an image of a city or region as progressive and modern,
which is also positive for tourism [33,34].

However, in some places new LRT schemes have failed, such as the Groningen Regi-
oTram [35], the Tel Aviv LRT [36] or different cities in Britain. Some research have re-
ported that the reason for the lack of interest for using rail transit is the failure for provid-
ing the expected level of quality service [37,38]. Thus, clients not satisfied with the service
would not be loyal to the service and would not recommend it to others [39]. Some papers
have attempts to investigate the factors influencing the satisfaction of rail transit passen-
gers based on the evidence from the light rail transit [40]. In this sense, it has been identi-
fied that an indicator of a successful public transport service is the number of passengers
that the system is able to retain and attract [39,41]. Some factors which have been identi-
fied for dissuading the use of rail transport systems are lack of connection, access distance
to and from stations, or distance to/from home-work [42,43]; elsewhere, transfer penalty
has been stated as a key consideration in the ridership potential of a public transport sys-
tem [44]. In Spain, in particular, several very significant infrastructures planned and built
in recent years with certain users forecast, have, however, later proven to be oversized
[45]. One of these was the Jaen LRT, which was inaugurated in 2011 and had to be closed
a few days later because of administrative and financial problems [46]. As a consequence,
some cities previously interested in developing LRT schemes have stopped their projects,
such as Vigo or A Coruna [47,48]. Therefore, it becomes especially important to know the
characteristic parameters of the LRTs operating in Spain. This will be useful in future
studies and drafts carried on in other Spanish cities interested in introducing an LRT in
their urban grid.

The search for parameters characterizing LRT systems is not new: In Busan, an at-
tempt was made to define concrete parameters, such as walking distance from the LRT
[49], Casello collected some of the main characteristics of LRTs in North America [12], and
similar studies have been carried out in Turkey [50,51] with numerous parameters, such
as number of passengers per kilometer, number of passengers carried per unit length of
line, number of passengers carried per number of stations, or the daily number of passen-
gers per urban population. Van Oort also made a description of the main European
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schemes [52]. In Spain, the Observatorio de la Movilidad Metropolitana [Polytechnic Uni-
versity of Madrid Mobility Observatory] has collected some valuable data, mainly from
the transportation companies themselves [53]. Economic analyses have also been carried
out [54], and some lines have been the subject of previous studies, such as the LRT in
Granada [55-57], which included details such as population density near stops among
other parameters related to transit-oriented development (TOD) analysis.

On another matter, the use of Geographic Information Systems for transportation
system analysis has become generalized. Thus, use of GIS has recently been gaining in
strength for the study of capture areas [58,59]. A station’s capture area may be defined as
the urban space or territory that potential users are going to come from. Traditionally,
citizens have been thought to be willing to walk a maximum time or distance from their
homes or trip’s point of origin to a public transportation station and the capture area is
the space between the station and the limit of that time or that maximum distance. Studies
have shown the complexity of defining that capture area for a specific station, as many
parameters enter into it, such as demographic [60] or urban design characteristics [61-63],
and therefore, there are specific methods for determining exactly what this area is at a
particular station, such as surveys [64] or ride cards [65]. However, in macroanalyses re-
lated to planning or a complete transportation system, the area is usually reduced to the
portion of the city included within a circle with its center at each station in the system.
This simplification requires, in turn, setting the radius of each circle, and in the literature,
for LRTs this would vary from 400 m or 0.25 miles [66,67] to 800 m [68,69], although it is
accepted that in the outskirts, citizens are willing to go further [70]. We might note that,
in Spain, the usual distance is 500 m [56,71]. Beyond the capture areas, the GIS has also
been used to acquire data on the density of stops or stations [72,73], stop spacing [74], land
use [75] or road lengths [76]. Furthermore, GIS has be used to ascertain the “attraction
nodes” (e.g., offices, tourist attractions, and hotels) within a broad area [77] or to identify
the hotspots of the healthcare services in a territory [78], and GIS applications pertinent to
the field of transportation engineering were developed [79] to analyze the impact of ac-
tivity trips on regional transportation patterns. Moreover, some researchers have used GIS
for developing multicriteria studies linked to public transport or even light rail system
topics. Prasertsri and Sangpradid analyzed the appropriateness of parking site selections
around LRT stations for the customers [80]. Farooq et al. [81,82] used GIS as a tool for their
development of a transportation model between Beijing and XiongAn. It has therefore
been shown to be a useful tool for finding parameters related to transportation networks.

In brief, LRT systems are in ascendant in numerous countries. The main advantages
have been established; moreover, the existence of failed projects has been well described,
regularly linked to problems related to urban and LRT scheme geometry, as stations. Fur-
thermore, research on the description of LRTs through parametrical characterization has
been carried on in different occasions; finally, the rise of GIS for developing research on
transportation systems, and in particular on urban geometry in the stations surroundings
is a fact. For that, research on Spanish LRTs for characterizing the ongoing schemes
through the determination of the values of different parameters and ratios, linked to urban
geometry and users’ densities in the catchment areas can be interesting. An expected ben-
efit is the determination of values for helping authorities and planners to develop future
projects; moreover, current schemes may be analyzed in order to establish possible expla-
nation of their success or failure.

3. Study Area

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

There are LRTs in 11 metropolitan areas in Spain. In five of them, they have become
the main public transportation system in the city. In the other five, the LRT coexists with
the conventional subway, and therefore, its function is to complement the city’s public
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transportation system as another subway line (as in Barcelona or Bilbao) or sometimes as
a system feeder (Madrid, for example). Finally, one of them, Alicante, is a tram-train. It
seems logical, therefore, to separate the LRTs into three groups based on their importance
within the total metropolitan transportation system. We also note that two new systems
are expected to be inaugurated soon: the tram-train in Bay of Cadiz [6] and the light rail
transit system in Jaen (Type I), which was completed in 2011 and will be put soon into
service after overcoming a diversity of administrative problems. Some other cities as Gijon
are working on developing a metropolitan rail system, although for the moment it is not
clear if it will be a tram-train, a conventional metro or a LRT [83].

4. Materials and Methods

The study was carried out by following the steps below (Figure 3):

. . N IV.
Analysis of Analysis of Determination Data v VL.
previous sample and of parameters " ’ Discussion and
- A . processing Results 2
studies and division into and ratios to ; conclusions
with QGIS
background subgroups be found
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Public transport
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system
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census
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Figure 3. Method.

1.

Analysis of previous studies and background. A bibliographic search was made in
the main internet sites related to LRT on these topics: advantages and individual LRT
in Spain, groups of LRTs in other countries, parametric and geographic analyses of
metropolitan public transportation systems, and GIS as a tool for transportation sys-
tems.

Analysis of the sample. The LRTs to be evaluated were determined and divided into
subgroups by whether or not there were conventional subway systems in the city
itself.

Data and parameters to be evaluated in the study were defined: the sources cited in
the literature review section were checked, and a list was determined (Table 1): An-
nual service users; line length; number of lines, number of stations, number of shared
stations; capture area; potential users; daily users; users per station; acceptance rate;
density of capture area; mean distance between stations; passengers per unit line.

Table 1. Parameters and ratios of the study.

Description
1 Annual service users (million pax)
2 Line length (km)
3 Number of lines (units)
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4 Number of stations (units)
5 Number of shared stations (units)
6 Capture area (km?) Urban area within 500 m of a station
7 Potential users (pop) Population of the capture area
l
8 Daily users (pax) gnnua Z;er (pax)
dail
9 Users per station (pax) ay userrs (pax)
dail statéons )
aily users (passengers
10 Acceptance rate y P g
potential users (passengers)
. pax potential users (pax)
11  Density of capture area ( /kmz) capture area (km?)
12 Mean distance between stations (m)
. pax passengers (pax)
13  Passengers per unit line ( /kmz) total length (km?)
4. Data processing with QGIS.

a.
b.

Geometrical data (LRT lines and stations) were drawn.
A shape with data from official census was included. Some lab work was carried

out in order to obtain the population density in each census section.
Catchment areas around the station were drawn. For that, a buffer zone with
500 m radius was stated (Figures 4 and 5).

Finally, some parameters values were obtained: Line length; number of lines,

number of stations, number of shared stations; capture area; potential users;
mean distance between stations; passengers per unit line. The population af-
fected in each catchment area was determined under the assumption that the
population in each census area (minimum area for which there are census data)
is uniformly distributed within each area. Furthermore, the population data was

taken from the official 2017 census.
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Figure 4. Cities in Group 2. Left-hand column: Barcelona; Barcelona; Bilbao; Seville. Right-hand col-
umn: Madrid, Madrid, Madrid; Valencia.
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Figure 5. Cities in Groups 1 and 3. Left-hand column: Granada, Murcia, Tenerife; right-hand col-
umn: Vitoria, Zaragoza, Alicante.

5. Results are defined in different tables.

a. Beyond the data referred in the previous step, annual service users’ data were
taken from the operators’ 2017 annual reports (Table 2). Finally, documents of
the Polytechnic University of Madrid Mobility Observatory were checked [53].

b. Ratios were defined after the aforementioned data: daily users; users per station;
acceptance rate; density of capture area; passengers per unit line.

6. Discussion and conclusions. The values found were analyzed, and the main conclu-
sions of the study were outlined.
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Table 2. Data sources for daily users.

Group City Data Source
https://metropolitanogranada.es/noticias/Balance_2018_Metro_Granada (accesed on 30
Granada
November 2021)
Murcia https://www.tranviademurcia.es/ (accesed on 30 November 2021)
Santa Cruz de . .
I Tenerife https://metrotenerife.com/MEMORIAS/2017/index.html (accesed on 30 November 2021)
Vitoria https://www.gasteizhoy.com/tranvia-vitoria-usuarios/ (accesed on 30 November 2021)
https://www.zaragoza.es/contenidos/movilidad/transporte-alta.pdf (accesed on 30 Novem-
Zaragoza
ber 2021)
Barcelona https://www.vialibre-ffe.com/noticias.asp?not=26849 (accesed on 30 November 2021)
https://www.euskotren.eus/sites/default/files/2019-01/Eusko-
Bilbao tren%20sigue%?20creciend0%20en%20todas %20sus%20unidades%20operativas.pdf (ac-
cesed on 30 November 2021)
I Madrid https://www.crtm.es/media/880193/informe_anual.pdf (accesed on 30 November 2021)
Seville https://www.diariodesevilla.es/sevilla/tranvia-Sevilla-sigue-perdiendo-viajeros-Tussam-
gana_0_1400860373.html (accesed on 30 November 2021)
Valencia https://habitatge.gva.es/es/inicio/area_de_prensa/not_detalle_area_prensa?id=733558 (ac-
cesed on 30 November 2021)
I Alicante https://es.wikipedia.org/wiki/Anexo:Estad %C3%ADsticas_del_TRAM_Metropoli-
tano_de_Alicante (accesed on 30 November 2021)
5. Results and Discussion
The results enabled us to find out several things. In Group I (Table 3), annual users
varied from 5.10 million in Murcia to 28.2 in Zaragoza. The shortest length was 12.72 km
(Vitoria) and the longest, 18 km (Murcia). Systems usually had one or two lines where
stations were located a mean distance of 400 m to 666 m away from each other. Potential
users (people who live no more than 500 m from a station) varied from almost 18,000 in
Vitoria to almost 30,000 in Tenerife. Daily users per station (from 1525 in Zaragoza to 325
in Murcia) and acceptance rate, which varied from 42% in Murcia to 226% in Zaragoza
were more representative. The population density in the capture areas was never below
1514 pop/km?. Lastly, the ratio of passengers per unit line varied from 2.20 in Zaragoza to
0.28 in Murcia.
Table 3. Group 1 results.
Granada Murcia Tenerife Vitoria Zaragoza
1 Annual service users (million pax) 10.20 5.10 14.10 8.30 28.20
2 Line length (km) 15.90 18.00 16.10 12.72 12.80
3 Number of lines (units) 1.00 2.00 2.00 2.00 1.00
4 Number of stations (units) 26.00 28.00 25.00 20.00 33.00
5 Number shared stations (units) 0.00 1.00 2.00 6.00 0.00
6 Capture area (km?) 14.08 14.33 12.79 7.06 11.76
7 Potential users (pop) 26,131.00 21,705.00 29,713.00 17,900.00 22,286.00
8 Daily users (pax) 18,214.29  9107.14  25,178.57  14,821.43  50,357.14
9 Users per station 700.55 325.26 1.007.14 741.07 1525.97
10 Acceptance rate 70% 42% 85% 83% 226%
11 Density of capture area 1855.89 1514.65 2323.14 2535.41 1895.07
12 Mean distance between stations (m) 636.00 666.67 644.00 530.00 400.00
13 Passengers per unit line 0.64 0.28 0.88 0.65 2.20
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In Group 2 (Table 4), the ranges were wider. Annual users varied from 29.10 million
in Barcelona to 2.99 million in Bilbao. The shortest system was in Seville (3.97 km) and the
longest in Barcelona (29.20 km). The network composition varied from one line to six in
the whole Barcelona system, although distributed between subway and light rail. The
mean distance between stations varied from 405 m in Valencia to 685 in Madrid. Potential
users varied from a little over 2000 in Seville to over 46,000. Users per station also varied
widely, from 355 in Valencia to 1417 in Seville, and also the acceptance rate, which was
26% in Bilbao compared to 426% in Madrid. We also note that the population density in
the capture areas was hardly 251 in Madrid while it was 4002 in Bilbao. Finally, the ratio
of riders per unit of line varied from 1.80 in Zaragoza to 0.42 in Valencia. Table 4 also
shows data for Group 3, which as mentioned, includes only the city of Alicante.

Table 4. Results for Groups 2 and 3.

Group 2 Group 3
Barcelona  Bilbao Madrid Seville Valencia Alicante
1 Annual service users (million pax) 29.10 2.99 16.90 3.97 8.80 11.10
2 Line length (km) 29.20 5.57 35.64 2.20 21.10 112.60
3 Number of lines (unit) 6.00 1.00 4.00 1.00 3.00 5.00
4 Number of stations (units) 53.00 14.00 55.00 5.00 43.00 69.00
5 Number shared stations (units) 10.00 0.00 1.00 0.00 12.00 9.00
6 Capture area (km?) 23.36 5.06 28.20 2.62 20.03 40.52
7 Potential users (pop) 22,287.00 20,255.00 7080.00 2165.00 46,428.00 30,638.00
8 Daily users (pax) 51.964.29 533929 30.178.57 7.089.29 15.714.28 19.821.43
9 Users per station 980.46 381.38 548.70  1.417.86  365.45 287.27
10 Acceptance rate 233% 26% 426% 327% 34% 65%
11 Density of capture area 954.07 4.002.96 251.06 826.34 2317.92 756.12
12 Mean distance between stations (m) 512.18 428.46 685.38 550.00 405.77 1.542.47
13 Passengers per unit line 1.00 0.54 0.47 1.80 0.42 0.10

The results show some interesting aspects of this characterization. First, it would be
hard to imagine an LRT in a city with population densities of less than 1500/km? on consol-
idated urban land. This figure is lower when the system is a feeder or complements a con-
ventional subway system, or when it is a tram-train system. Not in vain, light rail transit
systems are limited to cities of at least a certain population: Santa Cruz de Tenerife is the
smallest city of the group (over 210,000 inhabitants). With that in mind, a list of the public
rail transportation systems in Spanish cities over 200,000 inhabitants has been included (Ta-
ble 5), and a frontier in cities over 325,000 inhabitants is more or less marked, including the
future and uncommon BTR system in Las Palmas (there is no one in Spain for the moment).
A second step emerges, delimited by 325 and 200 thousand: cities in that group can have or
have not an LRT system, but definitely not a conventional metro system.

Table 5. Existence of metro and/or LRT in the main Spanish cities (municipalities which are part of
a metropolis already cited are not included).

City Population in Thousands (1st January 2021) Metro/LRT Notes
Madrid 3305 Metro and LRT
Barcelona 1636 Metro and LRT
Valencia 789 Metro and LRT
Seville 684 Metro and LRT
Zaragoza 675 LRT
Maélaga 577 Metro
Murcia 460 LRT
Palma 419 Metro
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Las Palmas
Bilbao
Alicante
Cérdoba
Valladolid
Vigo
Gijon
Vitoria
A Coruna
Elche
Granada
Oviedo
Cartagena
Jerez de la Frontera
Santa Cruz de Tenerife
Pamplona
Almeria

378 - Future BTR [84]
346 Metro and LRT

337 Tram-train

322 - -

297 - -

293 - -

268 - Future train system [85]
253 LRT

245 - -

234 - -

231 LRT

217 - -

216 - -

212 - Future tram-train [6]
208 LRT

203 - -

200 - -

In Group 1, the data for Zaragoza are surprising: the users of that line double those
of the following LRT, Tenerife, while at the same time, such parameters as density of cap-
ture area or length of line are not particularly noteworthy. This leads to high numbers in
those parameters directly related to users (acceptance rate, users per station, passengers
per unit line). One possible reason for this success may be due to another noteworthy fact
of this LRT: the mean distance between stations is noticeably shorter than the rest. There-
fore, one possible explanation stems from the shorter distance between stations and points
of origin/destination of trips. In this sense, it may be observed that Murcia is extreme in
both categories, so there might be a relationship between the mean distance between sta-
tions and acceptance rate. Figure 6 shows such an equivalence showing a certain logic:
even Tenerife could be due to the city being a coastal city, which in practice, means that
there are no points 500 m from stations.

That figure also shows the values associated with Group 2. In this case, it might be
thought that there is an inverse relationship between the distance between stations and
the acceptance rate (which would be absurd), but in reality, this relationship does not
make sense because the systems compared are not similar. Compared to Group I, in which
LRTs are the main urban transit system, Group 2 includes very dissimilar LRTs that de-
pend on the importance of the conventional subway system. Barcelona and Madrid have
excellent subway networks, which are among the major worldwide systems; Seville is a
unique line because it is reduced to a route through the touristic city center; in Valencia
and Bilbao they are less important lines complementing subway systems in middle-size
cities in the European context. However, there is a certain similarity in these last two cities.
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Figure 6. Relationship between acceptance rate and mean distance between stations for Groups 1
and 2.

In terms of LRT with transfer stations, in Group 1 there are three cases: Tenerife and Vi-
toria have their transfer stations in the center of the systems, while Murcia main line has a
transfer station with the so-called shuttle line. Group 2 LRT schemes are complements of the
main metro system. While in Madrid, Barcelona or Valencia LRT lines are mainly in the pe-
riphery, in Seville or Bilbao the line is in the very center or in Barcelona. Therefore, a clear
pattern for transfer stations cannot be stablished.

Another interesting trend is the continuity of the total catchment areas. Being the mean
distance between stations under the aforesaid distance of 500 m, buffers drawn on consecutive
stations tends to intersect one to others. That means a relevant number of users could choose
more than one station for riding the LRT. Moreover, a second question emerges: cities are
usually compact, so transportation systems have continuity and regularity in the distance be-
tween stations.

In terms of line scheme, Murcia presents again an unusual form (Figure 5), with two sec-
tions of the same line nearly parallel; there is a distance of 700 m up to 1300 m on foot, so many
potential trips could be more rapid and efficient on foot, rather than by LRT. This could be
another explanation for the lower values of this scheme, in comparison with the others.

6. Conclusions

The study reported here proposed the characterization of the LRT systems operating
in Spain by determining the values of a series of parameters associated with city geometry,
potential and daily users, users per station, acceptance rate, density of catchment areas, or
passengers per unit line. Data has been obtained by using QGIS software, and also after
research on the official census and on the operator’s annual reports.

The main result is the data range obtained. These values show the geometrical picture
of the LRT schemes concerning lines, stations and users. These data could be useful in
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future studies and preliminary projects carried out in other Spanish cities interested in
introducing an LRT in their urban grid, and also for comparison with LRT in other coun-
tries. As seen in the literature review section, some LRT systems planned in different
Spanish cities were finally cancelled due to doubts on the final success of the infrastruc-
ture. Moreover, questions concerning the access distances to and from the stations, trans-
fer penalties or oversized projects (and therefore economically unviable) have been set as
the main problems related to failed projects. In the analysis, clear differences between the
Zaragoza and Murcia LRT success have been exposed, and variances on geometrical val-
ues have emerged. Furthermore, results have also proved the differences between cities
with LRT as main transportation system, and cities whose LRT scheme complements the
subway net: data results are dissimilar in these two circumstances, and also transfer sta-
tions works different. Finally, the research has stablished a method and a group of param-
eters to define LRTs.

The limitations of this study that should be mentioned are, first, those associated with
the sample size which is not very large. A larger sample could reinforce our conclusions.
At the same time, other studies on LRTs mentioned at the beginning of this article, are
limited to two [14], three [7] and five cases [50], so actually this study is quite complete by
comparing to others. It would also be of interest to study the relationship of LRTs to other
transportation networks, such as commuter trains or city and metropolitan buses, or ride
car parks.

Future work could be in three directions. First, other technical parameters, such as
those associated with service quality, could be studied. In this group, stations (roofed or
not, seating space, real information on traffic), commercial speed, the distance of the LRT
to points of interest in the city, schedules and frequencies, number of seats per vehicle,
etc. Second, comparative studies with LRTs in other countries could be carried out to eval-
uate any similarities or differences. For example, we compared the results of our study
with the one on the Turkish LRT carried out several years ago [50], which had some pa-
rameters in common with ours (Table 6). Thus, in Turkey, daily service users of the small-
est system (Samsum) exceeded 20,000, compared to 5000, 7000 or 9000 in some systems in
Spain. The users per station varied in Turkey from 995 to 5700, while only in Barcelona,
Seville, Tenerife and Zaragoza did they surpass 995. The stations in Turkey were some-
what farther apart than in Spain (although not by much), and the ratio of riders per unit
line varied from 0.75 and 5.09 in Turkey, compared to the range of 0.10 to 2.20 in Spain,
where only the systems in Barcelona, Seville, Tenerife and Zaragoza surpass those 0.75
minimums. Apparently, therefore, the Turkish systems are more successful insofar as cap-
turing passengers, although one basic point missing to be able to compare these parame-
ters with more assurance is the population density in the systems’ capture areas. Thirdly
and lastly, research on the influence of a new LRT in tourism figures (as explained above,
LRT cultivates an image of the city as progressive and modern), in the labor market, in the
generation of new business or even in the expansion of new residential neighborhoods
could be quantified. For that, again, GIS and data on these themes seem to be the right
tool for developing a method.

Table 6. Data for Turkey, based on [50].

Ankara Bursa Adana Kayseri Samsum
Annual service users (million pax) 35.59 63.87 24.84 14.60 11.71
Length of lines (km) 8.70 30.50 17.40 14.20 15.70
Number of stations (unit) 11.00 31.00 28.00 13.00 21.00
Daily users (pax) 63,553.57 114,053.57 44,357.14 26,071.43 20,910.71
Users per station (pax) 5777.60 3679.15 1584.18 2005.49 995.75
Mean distance between stations (m) 538-994 600-800 800-1000 400-800 600-800

Passengers per unit line 4.09 2.09 1.43 1.03 0.75
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