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Sustainable accessibility in rural destinations: A public transport 

network approach 

There can be no sustainable tourism development without sustainable mobility, 

which is contingent on informed planning and policy. In rural regions, tourist 

attractions are spatially scattered, and poor transport planning translates into 

lower accessibility for non-driving visitors, yet few sustainable planning tools are 

available for non-urban tourism contexts. This paper seeks to fill this gap by 

combining advances in transport geography, rural transport, and transport for 

tourism, and we develop an original algorithm for evaluating sustainable 

accessibility of tourist attractions within regional rural destinations. Based on the 

Spatial Network Analysis for Multimodal Urban Transport Systems 

(SNAMUTS) framework (Curtis & Scheurer, 2010), the use of spatial network 

measures is presented in a scalable and understandable manner that can be 

replicated by users with basic mathematical skills and computer software. The 

applicability of the algorithm is illustrated in the case of West Balaton Region in 

Hungary. The article demonstrates the use of sustainable transport accessibility as 

a measure for transport evaluation that considers both environmental aspects and 

social justice framed as sustainable tourism participation for all. 

Keywords: sustainable accessibility; social justice; public transport; rural 

tourism; SNAMUTS 

Introduction 

This article addresses the critical role that public transport plays with respect to 

sustainable mobility for sustainable tourism development in rural destinations. To 

advance sustainable transport practices in tourism both behavioural change on the 

demand side and appropriate policy and planning on the supply side are needed 

(Higham, Cohen, Peeters, & Gössling, 2013; Hall, Le-Klähn & Ram, 2017; Hergesell, 

Edwards, & Zins, 2018). The task is complicated due to these aspects being strongly 

connected, if not interdependent (Van Acker, Mokhtarian, & Witlox, 2011). Local 

conditions and individual behaviour patterns are important considerations for 



sustainable transport planning, and policy shapes those conditions and affects behaviour 

of those involved. Consequently, an effective sustainable transport policy relies on 

information and tools that can guide informed decisions. While many of such tools have 

been developed by transport geographers, they rarely address tourism and few even less 

are compatible with rural contexts. The aim of this paper is to fill this gap by reviewing 

existing approaches used in transport geography for urban sustainability transport 

planning to develop a sensible and practical algorithm for evaluating sustainable 

accessibility of tourist attractions within regional rural destinations.  

The term “sustainable mobility” denotes an approach to satisfying transportation 

needs in a way where environmental impacts are minimized, social equity is promoted 

and negative social externalities are avoided (European Conference of Ministers of 

Transport, 2004; Greene & Wegener, 1997; Høyer, 1999). Along with other solutions, 

such as the use of renewable fuels or reduced mobility (Høyer, 2000), sustainable 

modes of transport including public transport and cycling are perceived by many 

researchers as the most feasible way of decreasing motorized mobility and its negative 

impacts (Böhler, Grischkat, Haustein, & Hunecke, 2006; Høyer, 2000; Ogrin, 2012; 

Verbeek, Bargeman, & Mommaas, 2011; Le-Klähn & Hall, 2015; Hall, Le-Klähn & 

Ram, 2017). Buses and railways are more desirable alternatives to personal cars, as they 

perform significantly better in terms of ecological footprint (Barrett & Scott, 2003; 

Kettl, 2011), have fewer negative health implications (Ming Wen & Rissel, 2007), and 

are more affordable and inclusive of disadvantaged populations (Guiver, Weston, 

Davies, McGrath, & Pulido-Ortega, 2013; Lucas, 2012). 

There are several reasons why tourist transport in rural contexts is more likely to 

contradict the principles of sustainable mobility. In rural regions, tourist attractions are 

scattered, and distances are often vast (Briedenhann & Wickens, 2004), which 



influences the travel behaviour and mobility of visitors (Le-Klähn & Hall, 2015). The 

features of land-use and low population densities mean that local mobility is typically 

car-dependent, and the modal choice is limited for locals and visitors alike (Dickinson 

& Robbins, 2007; Le-Klähn, Gerike, & Hall, 2014). Lacking investments into public 

transport is often explained by the high car-ownership rates (Nutley, 1996). 

Consequently, households without a car are likely to be excluded from socio-economic 

activities in the region (McDonagh, 2006; Stanley & Stanley, 2017). Such situation also 

affects visitors who may not be able to access or travel within the area without a car. As 

the number of non-drivers in developed countries is increasing (Sivak & Schhoettle, 

2016), more and more travellers will choose locations with public transport options as 

their travel destination (Guiver et al., 2013; Le-Klähn & Hall, 2015). Transport policy 

thus contributes to the issue of social justice in tourism (Allison, 2000; Schellhorn, 

2010): it may exclude groups of visitors from choosing rural destinations, and rural 

destinations may be excluded from the benefits of hosting tourists thus ending up in a 

disadvantaged position when competing for visitors. 

In recent decades, so-called demand-responsive transport (DRT) solutions have 

been applied as a panacea for addressing the challenges of public transport provision in 

rural areas. As the name suggests, DRT is intended to provide transportation services on 

demand along established routes but without a fixed timetable (Mageean & Nelson, 

2003). Despite the enthusiasm among policymakers, particularly in Europe, the 

implementation of DRT systems has not been without problems, and many of the 

initiatives failed (Enoch, Potter, Parkhurst, & Smoth, 2006). Using the case of 

Switzerland, Petersen (2016) has shown that a conventional public transport network 

with the right planning of fixed scheduled routes may be more advantageous compared 

to DRT in rural areas, as it offers more simplicity, convenience and reliability. 



The Spatial Network Analysis for Multimodal Urban Transport Systems 

(SNAMUTS) framework has been developed by Curtis and Scheurer (2010) to assess 

fixed transport networks in terms of their “sustainable accessibility”. The latter term has 

been proposed as a theoretical construct that incorporates land-use, mobility as well as 

the economic, environmental and social goals of sustainability (Bertolini, le Clercq, & 

Kapoen, 2005). In SNAMUTS, sustainable accessibility has been operationalized within 

spatial network theory and has been measured to assess urban transport systems (Curtis 

& Scheurer, 2010). Considering the common practice of bundling minor attractions 

(Huang, Beeco, Hallo, & Norman, 2016), or creating thematic routes (Briedenhann & 

Wickens, 2004) as part of rural destination marketing, extending the SNAMUTS 

principles to rural tourism context may be very practical.   

In this paper, we present an original algorithm based on SNAMUTS principles 

that can assess public transport networks in terms of their role in a rural tourism context. 

We developed it based on the assumption that tourists in rural areas would prefer 

transport connections that offer lower travel time, fewer changes, and more places of 

interests reachable from any single location. The proposed measures are thus intended 

to help identify the weakest parts of a regional destination’s public transport network in 

terms of provision of accessibility to tourist attractions. We propose that such algorithm  

can be applied in the preparatory stages of sustainable tourism and transport planning by 

users without substantial technical equipment, software, and skills. Although the 

algorithm is based on quantitative calculations provided by the SNAMUTS toolkit, we 

believe that its power lies in the qualitative interpretation of the measurement results 

and context specific identification of sustainable transport opportunities. . 

In the following parts of this paper, a literature review unpacks the spatial 

concept of accessibility and its merits for assessing tourism transport. This is followed 



by a short introduction to the SNAMUTS tool and a detailed explanation of the 

algorithm proposed for use in a rural tourism context. The tool is applied to the case of 

West Balaton Region in Hungary, and the insights gained through the assessment are 

presented. Before concluding with suggestions for future research directions, we 

enumerate the merits and limitations of the suggested procedures. 

Sustainable transport accessibility 

A sustainable transport system requires planning, which in turn needs monitoring, 

evaluation and assessment of the current system, and any proposed changes (Shiau & Liu, 

2013). Sustainability assessments of transport systems have been conducted within the 

fields of transport studies and transport geography by use of various approaches and 

indicators (Smith, Axon, & Darton, 2013). Among them, accessibility has been a 

recurring one – either in combination with other measures (Rubulotta, Ignaccolo, Inturri, 

& Rofè, 2012; Toth-Szabo & Várhelyi, 2012) or as a sole indicator (Amoroso, Caruso, & 

Castelluccio, 2012; Kwok & Yeh, 2004). In general terms, accessibility can be understood 

as a certain measure of spatial separation of human activities (Morris, Dumble, & Wigan, 

1979). It denotes the ease of reaching certain activities from a given place by use of a 

specific transport system (Vandenbulcke, Steenberghen, & Thomas, 2009). Accessibility 

is also an important tourism concept, though in a much narrower view. In his Dictionary 

of travel, tourism and hospitality, Medlik (2003) argued that accessibility is one of the 

three determining factors of a tourism destination’s importance and defined accessibility 

as “a function of distance from centres of population, which constitute tourist markets, 

and of external transport, which enables a destination to be reached” (p. 4). 

According to Geurs and van Wee (2004), accessibility should be considered 

through four components: first, the land-use system including the quality of the 

destination itself in terms of the spatial distribution of activities or opportunities; 



second, the transportation component that covers qualities of the transport system, 

including travel time and travel cost; third, the temporal component, which reflects the 

time constraints that travellers may experience for their activity patterns, and the 

availability of activities or opportunities according to the time of the day, week or year; 

and fourth, the individual component, which reflects the needs, abilities and 

opportunities of transport users and thus considers socio-economic and demographic 

factors. Given its more holistic and inclusive nature, accessibility-based planning has 

been described as advantageous compared to mobility-based approaches that commonly 

favour infrastructure for cars (Curtis & Scheurer, 2010; Farrington, 2007; Ross, 2000). 

The multidimensional structure, particularly the integration of the land-use 

component, prompted researchers to consider accessibility as a fundamental concept for 

sustainability in transport planning (Curtis, 2008). Bertolini et al. (2005) argued that 

accessibility relates to the three principles of sustainability: economic – by expressing 

access to employment, goods and services, suppliers; socio-cultural – by expressing 

access to culture and social contacts; and environmental – by expressing resource-

efficiency of the associated activity and mobility patterns. The authors suggested that 

planning for environmentally friendly transportation options, which may include not 

travelling (e.g. virtual access provided by information technology), walking, cycling, 

public transport and the use of more energy efficient cars, in combination with certain 

land-use conditions, contributes to better sustainability. The argument is that better 

accessibility results in fewer car-kilometres and a decrease in polluting emissions 

(Curtis & Scheurer, 2010; Kwok & Yeh, 2004). Furthemore, densely spaced activities 

and affordable public transport options provide access for a more inclusive group of 

people and lower the risk of social exclusion (Bocarejo & Oviedo, 2012). Accessibility 



by environmentally friendly transportation options has also been described as 

“sustainable accessibility” (Bertolini et al., 2005; Curtis, 2008; Vega, 2012). 

In an exploratory discussion of accessibility and sustainability, Farrington 

(2007) concluded that greater accessibility is not a sufficient but a necessary condition 

for social justice and social sustainability. The environmental and economic impacts 

need to be considered as well. In practical terms, this means finding solutions which 

consider accessibility for individuals to places of activity alongside the economic costs 

and the negative environmental impacts engendered by the provision of accessibility 

(Cheng, Bertolini, & le Clercq, 2007). Finding this balance is impossible without cross-

sectorial integrative policy (Farrington, 2007), as phenomena in one sector cause 

externalities for others. For example, tourists often benefit from transport services being 

heavily subsidized by taxpayers’ money, but in some cases, visitors help to sustain 

service frequencies that otherwise would be too expensive to keep (Currie & Falconer, 

2014).  

Sustainable accessibility should be regarded as a normative and dynamic 

concept (Liburd, 2010; 2018) considered in the context of the given society, its 

standards, and aspirations for better futures. Based on these standards, policymakers 

define the objectives for either strong or weak accessibility, akin to strong or weak 

sustainability (Farrington, 2007). Recommendations to public authorities on social and 

cultural accessibility by Suen, Simôes & Wretstrand (2012) on public transport in the 

EU are strong on social exclusion and availability to all user groups. To do so, policy 

requires robust and reliable metrics (Iacono, Krizek, & El-Geneidy, 2010), which can be 

described as normative (i.e., prescriptive) or positive (i.e., descriptive) measures (Páez, 

Scott, & Morency, 2012). While both are useful when devising transport policy, 

contextualised normative measures are crucial as they incorporate the understanding of 



the travel behaviour and desired outcomes (Páez et al., 2012; Hergesell, Edwards, & 

Zins, 2018), thus the dynamic and transformational aspects are embedded in sustainable 

accessibility (Farrington, 2007; Liburd & Edwards, 2018). 

Spatial network measures and the SNAMUTS framework 

Spatial network measures stem from network theory, which provides a set of techniques 

to analyze graph-like problems. A network is a graph that consists of two elements – 

nodes (or vertices) and edges (or links), which correspond to interconnected elements of 

a real-world problem (Baggio, Scott, & Cooper, 2010). Various graph measures are then 

used to gain insights into the properties of the nodes and edges of the graphs and 

correspondingly of the problem elements (Porta, Crucitti, & Latora, 2006b). Depending 

on the identification of nodes and edges, two theoretical approaches can be identified, 

namely the primal approach and the dual approach (Curtis & Scheurer, 2010). In 

transport geography, the primal approach means representing intersections, settlements, 

stops, stations, etc., as nodes, and the roads or other links between them as edges. In 

dual graphs, nodes represent the streets, while edges are the intersections (Porta, 

Crucitti, & Latora, 2006a).  

While less intuitive, the dual approach has the advantage of offering more robust 

network analysis measures for networks that display small-world network properties 

(Porta et al., 2006a), and is more appropriate when the intention is to compare measures 

between different networks. The primal approach, however, has been more widespread 

in urban transport studies, as it retains the geography of the system in its representation 

of the transport problem and matches the real-life experiences of humans (Porta et al., 

2006a, 2006b). As transport networks tend to have small-world network properties, 

measures calculated on networks that follow the primal approach need to be used with 

care when being compared with other networks (Zanin, Sun, & Wandelt, 2018).   



The primary approach has been used by Curtis and Scheurer (2010) in their 

Spatial Network Analysis for Multimodal Urban Transport Systems (SNAMUTS) 

framework. SNAMUTS is a GIS-based tool designed for accessibility assessment of 

urban public transport networks. Activity nodes are identified as rail or bus stations with 

their walkable catchment areas, while network edges represent transfer-free public 

transport connections between two activity nodes on the network. The rationale of the 

SNAMUTS tool is that “the dissemination of accessibility measures through visually 

well-represented media can significantly enhance understanding, making a contribution 

towards a productive discourse on future directions for urban form and mobility” 

(Curtis & Scheurer, 2010, p. 53). As indicated on the tool’s official website 

(http://www.snamuts.com), it has been used in 25 major cities in Australasia, Europe, 

North America and Asia, including Perth, Hamburg, Barcelona, Vancouver and Hong 

Kong. 

The edges, or transport links, are assigned with impediment values, which are 

used as a proxy for path distance and are defined as the “average travel time along a 

route segment divided by the frequency of the service (number of departures per hour 

per direction)” (Curtis & Scheurer, 2010, p. 75). Eight indicators are used to assess the 

transport system, consisting of service intensity, closeness centrality, degree centrality, 

network coverage, contour catchment, betweenness centrality, network resilience and 

nodal connectivity. After measuring each of the indicators, a composite score is 

calculated for the overall public transportation accessibility which can be benchmarked 

across various metropolitan areas. Additionally, the SNAMUTS framework allows for 

speed comparison with personal cars and for measuring the impacts of interventions 

through an efficiency change index. The indicators and their calculations are described 



in detail by Curtis and Scheurer (2010; 2016), on the official website of SNAMUTS, 

and are presented in Table 1  

Sustainable accessibility assessment for tourism in rural areas 

The SNAMUTS framework has been designed for and applied in major metropolitan 

areas with urban forms of transport characterized by high frequency. In this article, the 

same logic is followed, while selected SNAMUTS measures are adapted  to assess 

accessibility in the context of rural tourism. For this, some assumptions are 

reconsidered, others added, and the measures are adapted. The proposed algorithm also 

takes into consideration the limited human, financial, infrastructural, and skill-based 

capacity often faced by rural destinations (Arbogast, Deng, & Maumbe, 2017; Charbit 

& Michalun, 2009). While the original SNAMUTS framework has been developed for 

professional GIS systems, the proposed algorithm does not assume the use of such tools 

and is flexible enough to be executed with widely available instruments, such as digital 

spreadsheets and web mapping services. The steps of the proposed algorithm are 

presented visually in Figure 1, where optional steps are shaded in light grey. 

Definitions of rural destinations vary in literature, but as rural areas are 

characterized by dispersed tourist attractions, some of which are bundled together 

(Briedenhann & Wickens, 2004; Huang et al., 2016), they are often branded and 

marketed at a regional level (Cai, 2002). Rural transport is more commonly represented 

by inter-city connections, as it fulfils the needs of regional rather than intra-settlement 

mobility (Transit Cooperative Research Program, 2002). Therefore, we choose to 

analyse the transport accessibility within a regional and predominantly rural destination. 

Typically, such region will consist of one or more administrative units with clear 

boundaries and governance that covers tourism-related decision making. In such a 

manner, it is possible to identify all the public transport services that provide mobility 



within the region and follow established routes and timetables. These include but are 

not limited to scheduled buses, trains, light rail, cable cars, and other forms of collective 

transport, as long as they have at least two connected scheduled stops within the region. 

As mentioned above, using nodes of a network to represent the transport stops 

(or stations) and edges – the transport services linking them, is an intuitive and effective 

approach. In a tourism context, however, it is not the stations that carry important 

meaning, but rather the tourist attractions that they serve. For connecting the transport 

and land-use components, here the transport services and the tourist attractions, the 

following steps are suggested. First, the major attractions of the region should be 

located and marked on a digital or conventional base map of the area. Second, locations 

of active transport nodes, including railway stations, bus stops, cable car stations, etc., 

should be located and marked on the same map. Transfer points serving two or more 

types or lines of transport are to be marked as one node. At this point, it is possible to 

identify the attractions that fall into the catchment area of each transport node. Based on 

previous empirical research studying the maximum distance pedestrians will walk to 

catch a bus or train, catchment areas of 400 metres around public transport stops, and 

800 metres for intercity connections are suggested (Curtis & Scheurer, 2010; Langford, 

Fry, & Higgs, 2012). The catchment area should be measured by actual physical 

distance, taking into considerations the street layout. 

The grouping of attractions to corresponding transport nodes permits to 

eliminate those pick-up and drop-off locations that do not serve any attractions or do not 

provide important transfer points to connecting lines. The remaining ones will function 

as the nodes of the graph that will be analysed in the following steps and will represent 

each of the tourist attractions they serve. This exercise also identifies the tourist 

attractions that are not served by public transport. For these, it may be useful to check 



the proximity to official cycling paths. While cycling paths cannot be incorporated into 

the graph representing the public transport network, they comprise another form of 

environmentally friendly mobility. Consequently, accessibility by cycling should be 

regarded as more favourable than no accessibility at all. The edges of the network 

should depict the scheduled transport services connecting the different nodes. For this 

purpose, all existing public transport services in the region need to be identified, as well 

as their routes, frequencies, and travel times between the stops. The routes of the lines 

will predetermine the presence or absence of edges between nodes and thus the shape of 

the whole network. It is important to note here that connections may be uni- or bi-

directional, which should be considered in the analysis. 

Once the graph, including its nodes (transport nodes that serve tourist 

attractions) and edges (scheduled public transport services between the nodes), is 

complete, it can be assessed with accessibility measures. As mentioned, the SNAMUTS 

framework offers eight such measures. In the context of rural tourism in a regional 

destination, only three were selected with certain amendments. - Degree centrality by 

transfers, closeness centrality by impediment, and contour catchment were chosen given 

their ability to capture the easy of travel and the number of attractions reachable by 

tourists. The SNAMUTS measures of service intensity, network coverage, betweenness 

centrality, network resilience, and nodal connectivity assume transport systems with 

high frequencies, multimodal connections, and alternative routings, none of which are 

characteristic to rural transport systems. Therefore, these measures were not selected. 

Table 1 provides more details on the arguments used when selecting the measures as 

well as the formulas used for calculating the chosen indicators.  

The number of transfers necessary for the calculation of degree centrality is 

proposed to be calculated as the number of vehicle changes that the tourist should make 



in order get from one node to another one, resulting in the number of seamless journey 

legs minus one. For determining the closeness centrality measure, it is first necessary to 

calculate the impediment value between any two nodes i and j. For this, Curtis and 

Scheurer (2010) use the following formula: 

 𝑑𝑖 𝑗 = 𝑘
𝑡𝑖 𝑗

𝑓𝑖 𝑗
,  

where di  j is the impediment value of route segment between nodes i and j , ti  j is the 

travel time between nodes i and j in minutes (average of both directions), and fi  j is 

service frequency in departures per hour per direction between nodes i and j. The 

coefficient k is non-essential for the formula but using a multiple of 10 may help to 

achieve better readability of the result, which otherwise would contain many zeros after 

the decimal point. Rural transport is characterized by long time intervals between 

services. Thus, it is proposed to calculate service frequencies per day rather than per 

hour. Similarly, the time interval for contour catchment is proposed to be 60 minutes, 

but it could be modified based on the size of the region under consideration.  

The SNAMUTS tool uses special conversion formulas and composite scoring 

for compiling a composite indicator for overall public transport accessibility, which 

may be benchmarked across various urban areas (Curtis & Scheurer, 2010). 

Benchmarking, however, may not be the main priority for tourism-related policy in a 

rural area. As discussed earlier, accessibility should be considered as a dynamic, 

transformational, and relative concept based on the standards of the given society 

(Farrington, 2007; Liburd, 2010; 2018). For policy-making in a rural regional 

destination, it may be helpful to have an assessment of the relative accessibility of 

various parts of the destination as well as the identification of the most problematic and 



critical areas. For this purpose, ranking is an appropriate approach (OECD, 2008). 

Ranking is also chosen as the normalization method for the three indicators.  

When ranking each node according to each of the three indicators, values of 

degree centrality by transfers and closeness centrality by impediment should be ranked 

in ascending order. The element with the lowest score should be assigned rank 1, the 

second lowest – rank 2, etc. In case of contour catchment, the ranking should be done in 

descending order. The node having the highest value should be assigned value 1, the 

second highest – 2, etc. Average ranks should be assigned where values for two or more 

different nodes are equal. The three rankings may be aggregated by the mean-value 

method. An additional ranking of the mean values across the three indicators results in 

the composite indicator – the final rank for each node of the network. These values may 

be interpreted as the public transport accessibility of the tourist attractions that are 

represented and served by the nodes relative to each other. 

Applying the algorithm: The West Balaton Region, Hungary 

To illustrate the usefulness of the algorithm developed based on SNAMUTS for the 

context of rural transport, it is next applied for the case of West Balaton Region (WBR) 

in Hungary. WBR, also marketed as Hévíz-Balaton, covers the western portion of the 

larger Balaton Special Resort Area (BSRA) that surrounds Lake Balaton. The urban-

rural population ratio of the resort area is 50%, and tourism is the primary economic 

activity in the region (Balatoni regionális idegenforgalmi bizottság, 2005). In 2015, the 

WBR accounted for about a third of the total visitor traffic of Balaton Region, and 

almost 40% of its overnight stays, equalling just above 500.000 arrivals (70% domestic) 

and 1,892 thousand guest-nights (57% domestic) (Hungarian Central Statistical Office, 

2016). The area of the region can be divided into two main parts joining together – the 

West coast of Lake Balaton itself centred around the city of Keszthely, and the Zala 



thermal valley that extends from Zalakaros through Hévíz to Kehidakustány 

(STARTER Consortium, 2013).  

Scheduled public transport in WBR is represented by trains operated by “MÁV-START 

Passenger Transport Corporation”, local, national and international bus services, and 

infrequent ferries. The only city in the region, Keszthely (with a population of 20,000), 

also features a local bus network with two lines operating daily and several others with 

a limited service. Several reports that explored tourism development in the region have 

noted the transportation-related issues, particularly the poor integration and 

harmonization of various types of transport as well as the high reliance on personal cars 

as the main mode of transport (Balaton Fejlesztési Tanács, 2007; Balatoni regionális 

idegenforgalmi bizottság, 2005; Nyugat-Balatoni Térségmarketing Kht., 2007; 

STARTER Consortium, 2013). 

As WBR is not an administrative entity with clear boundaries, which for the 

analysis was limited to the part governed by Zala County. A list of tourist attractions of 

the region together with their geographic coordinates was compiled by retrieving the 

listings of Tourinform.hu – the official tourist information service of the Hungarian 

National Tourist Office (http://tourinform.hu). The coordinates were cross-checked with 

other media, such as official websites of the attractions. The list consisted of 82 sights, 

40 spa and wellness facilities, and 15 other recreational activity locations. An affordable 

commercial web mapping service, Google Maps Engine Pro was used to mark the 

locations on an electronic map. Locations of railway stations and bus stops (seven and 

104 respectively) were retrieved from the Hungarian State Railways and the Hungarian 

Association of local and inter-city bus transport operators (VOLÁN) and marked on the 

same electronic map. Ferries were not considered due to infrequent services. Figure 2 

describes the result of this step by depicting the public transport stops (bus and train 



pictograms) and tourist attractions (pins) on a base map zoomed to the core of the 

region using the Google Maps interface. 

The electronic map permitted the measurement of catchment areas around the 

transport nodes and the grouping of attractions based on catchment. In order to consider 

the real street layout, the measurements were executed manually by following a street 

base map with tools available within the electronic interface. As a result, 44 transport 

nodes serving at least one attraction remained for further analysis. At the same time, 26 

attractions were identified as not served directly by public transport, six of these were 

however accessible through official cycling paths. While the selected railway stations 

and bus stops constituted the nodes of the graph, the edges were constructed based on 

services from the timetables valid for Saturdays in the summer of 2014. The choice of 

these timetables was determined by the region’s image of a summer weekend 

destination (Sulyok & Lőrincz, 2017). 

The shape of the resulting graph is illustrated in Figure3, where the circles 

represent the nodes (the larger circles show transfer points), the lines – the edges (black 

for railway links and grey for bus links), and the arrows depict edges with one-way 

flows Finally, with the help of digital spreadsheets, the timetable data was used to 

calculate the impediment values for every edge and the three selected accessibility 

measures described earlier – for each node. Table 2 contains a matrix displaying the 

minimum travel times (in minutes), minimum number of transfers times, and the 

calculated impediment values (that incorporate the service frequencies) between 

selected nodes. Here, the lower the impediment values, the “easier” it should be to 

travel between the two nodes in terms of travel duration and service frequency. 

The calculated measures were normalized by ranking, and the mean ranks were 

ordered, in their turn, for the final rank. An alternative normalization method – z-score 



standardization – was also applied for checking the robustness of the ranking. The 

difference between the ranks obtained through simple ranking of the raw scores and z-

score standardization was null for closeness centrality by impediment, less than 0.6 for 

degree centrality by transfers, less than 2.5 for contour catchment, and less than 0.12 for 

the final rank. Simple ranking thus was deemed practical for the intended use of the 

algorithm. Table 3 illustrates the results of the assessment by presenting the five highest 

and the five lowest ranked nodes and the attractions they serve. 

The first visible outcome of the analysis appeared during the development of the 

graph. More than two dozen attractions were shown not to be accessible by public 

transport. While some of them, such as forest look-out towers, could be seen as intended 

only for hikers and cyclists, others, such as beaches and museums, could benefit 

significantly from transport connections. The calculation of accessibility measures has 

also brought interesting insights. For instance, the region’s primary multimodal node, 

the railway station of Keszthely, which is served by trains, local and inter-city buses, 

did not make it to the top of the ranking. While the station performed well in degree 

centrality, or in other words, it provides transfer-free access to a high number of 

attractions, it was found to be distant from the majority of attractions (illustrated by low 

values of closeness centrality and contour catchment). Even worse were the indicators 

for Zalakaros – one of Hungary’s most renowned health resorts. On the contrary, Hévíz 

bus station performed exceptionally well in all the measures, which can also be 

explained by the central location of this node in the graph. This result also implies that 

visitors staying in the vicinity of Hévíz bus station have the best possibilities for 

exploring the region with public transport. Two nodes, located north-west of 

Keszthely’s historic downtown area showed good connectivity to the rest of the network 

as well.  



The assessment of all 44 nodes of the network has provided a solid overview of 

the gaps in accessibility in the region. Besides Zalakaros, other attractions, including 

Roman and medieval ruins, beaches, wellness facilities and leisure centres, were found 

not meeting sustainable accessibility requirements. The calculated accessibility values 

offered an insight into what type of improvement is necessary: for low degree centrality, 

it is the offer of more transfer-free connections; for low closeness centrality, it is better 

frequencies and travel times between the nodes. Another implicit advantage of graphs 

for analysing the accessibility of a regional rural destination is the simplified 

representation of the current conditions. Graphs have been commonly used for 

visualizing urban transport systems, yet their potential in a rural context both for 

supporting sustainable decision making and aiding tourists is underexplored. 

Limitations 

The algorithm presented in this paper provides only one component to the complex 

issue of sustainable mobility for tourists in rural areas. It touches upon the supply side 

of transportation, more specifically the spatial and temporal aspect of transport services. 

Characteristics of the operating vehicles, the quality of transport information, ticketing, 

station facilities, and the convenience of transfers are other aspects essential for offering 

an effective, sustainable transport system, which are beyond the current scope of the 

algorithm. While infrastructure is widely seen as a prerequisite for sustainable mobility, 

it has to be compatible with the perceptions and behaviours of its users (Currie & 

Falconer, 2014; Higham et al., 2013; Van Acker et al., 2011). Therefore, the 

interpretation of the results of accessibility analysis for each destination should be 

performed with an understanding of the local context. 

The selection of the network measures for the algorithm was based on the 

assumption that in rural tourism the most important public transport considerations are 



the easy of travel and the amount of reachable activities. As assumptions, these 

statements reflect the lack of scientific literature that would consider the needs of rural 

tourism in terms of public transport, much less specific standard values for transport 

service. Some regional destinations may be clear about strategic targets of transport 

provision, and these may be incorporated into the interpretation of the results of the 

algorithm, especially when comparing the calculated raw scores. As such destinations 

are an exception, a simple ranking approach was deemed more practical and intuitive.  

SNAMUTS and its adaptation presented here assume that sustainable 

accessibility, operationalized through public or non-motorized transport, contributes 

towards sustainable development. It should be noted that in their current form, they are 

still not able to quantify and consider the actual environmental impacts of transport, or 

the inclusion/exclusion that it creates. As it is true for many other analytical tools, the 

choice of inputs of the algorithm will directly influence the outcome. 

The proposed procedures were intended to be understandable and accessible for 

a broad group of stakeholders with basic mathematical skills and widely available 

software solutions. The downside of this approach is that some of the tasks need to be 

completed manually, thus increasing the tediousness and duration of the work, as well 

as the chance of error. However, as the application of the case of West Balaton Region 

has proven, the algorithm can be performed within a reasonable timeframe for a graph 

with about 50 nodes and 50 edges.  

Conclusions 

This article introduced an innovative approach, commonly used for assessing urban 

transport systems, to the domain of sustainable rural transport for tourism. This 

approach resonates with broader assumptions that public transport is a more sustainable 

option for mobility, particularly in comparison with personal cars (Hall, Le-Klähn & 



Ram, 2017). It represents rural public transport as a network, and in doing so, it directs 

the attention to the potential of scheduled transport services for fulfilling rural mobility 

needs. While the past decades observed the growth of demand-responsive transport as a 

patch solution to the issues of rural transport provision, a traditional scheduled public 

transport can be more effective (Petersen, 2016). In regions with significant tourism 

activities, a convenient network of public transport may attract more visitors, whose 

increased demand can contribute positively to social justice and economic aspects of 

operating frequent connections for all. 

The original SNAMUTS framework (Curtis & Scheurer, 2010) is a 

comprehensive instrument that operationalizes sustainable accessibility for 

policymaking. It incorporates the land-use and transport components of accessibility, 

thus allowing a practical way of analysing the underlying needs of mobility, rather than 

mobility for its own sake. Nevertheless, the individual component that reflects the 

perspective of transport users, such as the needs of passengers with impairments and 

disabilities or the passengers’ willingness-to-pay for transport services, is not 

sufficiently covered and needs to be considered through other approaches. Combining 

the algorithm with results of market research among the destination’s tourists that, for 

example, measure the perceived importance of the various attractions may offer a more 

nuanced assessment. 

The concept of sustainable accessibility with its holistic view has contributed 

significantly towards the incorporation of transport policy into sustainable tourism 

development. Most notably, it is compatible with recognizing the role of transport in 

creating social exclusion for locals and visitors alike. If the trend for a decrease in the 

driving population, especially in urban areas, continues, rural destination managers will 

need to face this challenge to sustain tourism. While new technological solutions, such 



as driverless cars, may mitigate these effects in the future, the development of better 

public transport currently stays as the most actionable approach. The method presented 

in this article, when applied and interpreted with more detailed understandings of local 

conditions, may be of help to policymakers when deciding on the investments for the 

future sustainable tourism development of their region. 
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