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Abstract: Efficient access to tourist spots is necessary for enhancing the overall travel 

experience, especially in urban environments. This study investigates the accessibility of key 

tourist spots in Budapest through different transportation modes (e.g., walking, cycling, and 

public transport) across various time intervals. Using spatial-temporal travel time maps and 

detailed statistical analysis, the research highlighted significant differences in how these 

modes connect tourists to their attractions. Cycling stands out as the most efficient 

transportation option, providing rapid access to a wide range of tourist spots, while public 

transport ranks second. However, the study also reveals disparities in accessibility, with 

central areas being well-served, while outer ones, especially in the northwest, remain less 

accessible. These findings highlight the need for targeted transportation improvements to 

ensure that all areas of the city are equally reachable. The results offer valuable insights for 

urban planners and policymakers aiming to enhance tourism infrastructure and improve the 

visitor experience in Budapest. 

Keywords: tourism attractions; urban mobility; spatial temporal analysis; circular urban 

tourism; Hungary 

1. Introduction 

Urban tourism has become a significant component of the tourism industry, 

driven by the increasing attractiveness of cities as unique hubs of culture, history, 

and modern amenities (Edwards et al., 2008; Miller et al., 2015). Although there is 

not a unified definition of urban tourism, it generally refers to travel to cities and 

urban areas for leisure purposes, where tourists engage in activities such as 

sightseeing, cultural activities, and enjoying local experiences such as trying local 

cuisine or food (Ashworth and Page, 2011). In recent decades, the importance of the 

cities as tourism destinations has increased due to the concentration of attractions, 

ease of access, and the various unique experiences they offer. This reflects tourists’ 

preference for cities where they can optimize their time by visiting many tourist 

spots and experiencing the daily life of local communities in these cities (Ashworth 

and Page, 2011; Edwards et al., 2008). These factors enhance the overall satisfaction 

of the tourist experience. Also, urban tourism faces various challenges such as 

overtourism, cultural heritage conservation, environmental preservation, and 
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respecting local community values (Timur and Getz, 2008). These obstacles also 

make this tourism pattern a desirable research area for many scholars in the tourism 

academia (Pearce, 2001). 

Based on the variety of factors that make cities desirable tourism destinations, 

the accessibility of the city tourist attractions appeared as a fundamental issue for 

tourists, local communities, and national governments. In this context, accessibility 

refers to the ease with which tourists can transfer between various attractions and 

services within the urban city (Dalvi and Martin, 1976; Şahin Körmeçli, 2024). This 

directly influences the flow of tourists and their overall experience in the city. For 

example, providing high levels of accessibility to tourist attractions within the city, 

by making them be visited within a limited and short time frame, increasing visitors’ 

satisfaction and likelihood of return. In contrast, poor accessibility can discourage 

potential visitors, result in negative experiences, and eventually impact the economic 

vitality of the tourism industry in the city (Masiero and Hrankai, 2022; Morrison and 

Maxim, 2021). 

The concept of accessibility of the tourist spots within the city can be discussed 

from two core dimensions, each playing a critical role in shaping tourist behavior 

and experiences. The first dimension is temporal accessibility, which is defined as 

the availability of transportation options to reach tourist attractions during specific 

time intervals. Temporal accessibility is fundamental for understanding how tourists 

interact with a city, as it affects the timing of visits to attractions, the flow of tourists 

throughout the day, and the overall itinerary planning (Kellner and Egger, 2016; 

Wan et al., 2019). 

The second dimension of accessibility is the mode-based accessibility, also 

known as spatial dimension, which refers to the different transportation modes 

available to tourists (He et al., 2021; Hocevar and Bartol, 2021). Cities with various 

transportation options (e.g., buses, trams, metro, bike-sharing systems, and 

pedestrian pathways) offer added value to tourists (Graells-Garrido et al., 2021; 

Morrison and Maxim, 2021). Spatial accessibility not only facilitates the flow of 

tourists within the city but also influences tourists’ choices regarding which 

attractions to visit and how to plan their day. For example, a city with a solid public 

transportation system, such as trains, buses, metro, or trams, allows tourists to easily 

visit multiple attractions in a single day (Wan et al., 2019). This not only improves 

their experience, but also encourages them to explore more of the city culture and the 

locals’ daily life basics. 

In general, the interaction between temporal and spatial accessibility highlights 

the complexity of managing urban tourism, particularly in metropolitan cities 

(Hocevar and Bartol, 2021; Şahin Körmeçli, 2024; Wan et al., 2019). A city that 

offers efficient, reliable, and diverse transportation options, connected with the 

attractions that are accessible at different time intervals, creates a dynamic 

environment that can attract different types of tourists with different plans and 

interests. This interaction also has implications for the spatial distribution of tourists 

within a city. High accessibility can encourage tourists to explore less-known 

neighborhoods and attractions outside of the traditional city centre, resulting in more 

equitable economic benefits across the city and reducing the pressure on 

overcrowded hotspots (Morrison and Maxim, 2021). Therefore, effective 
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management of both temporal and spatial accessibility is essential for enhancing the 

overall sustainability of urban tourism. 

Additionally, analyzing accessibility within the urban tourism context can 

contribute to mitigating some of the most critical challenges in the tourism industry 

such as overtourism and the leakage of tourism profits, which increase economic 

inequality in urban communities. Overtourism, as an example, is most noticeable in 

the famous urban destinations, where a small number of popular attractions receive 

the majority of tourists (Dodds and Butler, 2019; Nilsson, 2020). By analyzing the 

flow of tourists through the city and the accessibility of the various attractions, 

policymakers and urban planners can develop strategies that distribute tourist activity 

throughout different areas, mitigating the negative impacts of overtourism. This can 

be achieved through improved transportation links, better signage, or marketing 

campaigns designed to manage tourist movements and achieve a more balanced 

allocation of visitors throughout the city and its attractions (Aall and Koens, 2019; 

Bouchon and Rauscher, 2019; Hristov et al., 2021). 

Furthermore, accessibility analysis can play an important role in tackling the 

economic leakage challenge. This leakage often happens when tourists spend money 

at international hotel chains, restaurants, or tour operators that do not reinvest 

earnings into the local community (Chaitanya and Swain, 2024; Garrigós-Simón et 

al., 2015). By improving accessibility these expenditures can be redirected towards 

local businesses, enterprises and community. For example, enhancing public 

transportation to reach local markets and cultural centers can make it easier for 

tourists to engage with and support local businesses. This, in turn, encourages a more 

diverse tourism economy that helps reduce economic inequality and ensures that the 

benefits of tourism are shared more fairly among the locals (Dalvi and Martin, 1976; 

Lacher and Nepal, 2010; Morrison and Maxim, 2021). 

It is also worth mentioning that analyzing the accessibility of tourist spots 

within a city can help achieve the United Nations Sustainable Development Goals 

(SDGs) and play an important role in fostering sustainable and regenerative tourism 

practices. For example, accessibility has a direct impact on the achievement of 

SDG11, “Sustainable Cities and Communities”, which highlights the need for cities 

to become more inclusive, safe, resilient, and sustainable for both locals and tourists 

(United Nations Development Programme, 2021). By improving public 

transportation and pedestrian pathways, tourist spots can become more accessible 

through sustainable, low-carbon transportation options, thereby reducing traffic 

congestion and contributing to a healthier urban environment. Also, accessibility 

analysis plays a significant role in achieving SDG10 “Reducing Inequalities” within 

urban tourism by ensuring that all locals within the city can benefit from tourism-

related activities (United Nations Development Programme, 2021). 

2. Literature review 

From an academic perspective, the time and accessibility of locations within a 

city, in general, and tourist spots, in particular, by different transportation modes, has 

gained increasing importance in scientific research, as scholars understand its critical 

role in shaping urban mobility patterns and practices based on time intervals. For 
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example, the study conducted by (Li et al., 2022) examined the spatial accessibility 

of urban tourism attractions using real-time travel data and a modified gravity model. 

In their study, the researchers highlighted the importance of the transportation 

infrastructure and destination attractiveness in shaping tourism accessibility, 

providing key insights for urban planners and policymakers (Li et al., 2022). Another 

study by (Zhang et al., 2020) developed a route-planning method that takes into 

account some factors impacting tourist behavior, including travel time, the distance 

between locations, time of departure, and the overall attractiveness of destinations. 

The study explained how transportation modes and time intervals can significantly 

affect spatial-temporal accessibility (Zhang et al., 2020). Additionally, (Kim et al., 

2023) provided insights into how tourists see and value their time during holidays, 

with a focus on the implications for sustainable and environmentally friendly travel 

practices. The study explored the concept of the Time Use Rebound Effect (TRE), 

which assumes that time savings from new travel technologies could result in higher 

energy consumption due to changes in tourist behavior (Kim et al., 2023). By 

analyzing different tourist groups, the study identified how transportation modes and 

time savings affect the frequency of travel and leisure activities in tourist 

destinations. This highlights the need to include the temporal aspects in sustainable 

tourism strategies and policies. 

Building on previous research, many other studies analyzed the concept of 

accessibility in urban areas generally, taking into account various factors such as 

transportation modes, distance, and time intervals. For example, (Fink et al., 2024) 

developed a travel time matrix dataset for the Helsinki metropolitan area that 

provides various transportation modes and time intervals, offering a detailed analysis 

of spatial-temporal accessibility. This study utilized a door-to-door approach, 

integrating walking, cycling, public transport, and driving trips at different times of 

the day to provide a comprehensive understanding of urban accessibility. By 

verifying their data through other sources such as the Google Directions API, the 

researchers highlighted notable differences in accessibility based on transport modes 

and time of travel (Fink et al., 2024). This highlights the importance of these factors 

in urban planning and the design of equitable and sustainable cities. Further 

contributing to this topic, (Tenkanen and Toivonen, 2020) presented a longitudinal 

spatial dataset that analyzes travel times and distances by different travel modes in 

Helsinki city. This dataset represents different years (e.g., 2013, 2015, and 2018), 

and provides comprehensive insights into spatial-temporal accessibility of various 

transportation modes (e.g., walking, cycling, public transportation, and private car) at 

different times of the day. The study employed a door-to-door research approach, 

which enhance the ability to compare of transportation modes, making it a valuable 

resource for understanding urban mobility dynamics and its implications for 

sustainable urban development (Tenkanen and Toivonen, 2020). 

Despite these previously mentioned studies on spatial-temporal accessibility in 

urban areas, most of the existing studies have primarily focused on general urban 

accessibility rather than specifically on tourist attractions within cities. Additionally, 

most research has examined accessibility at a broad level, often without accounting 

for detailed, mode differences across various time intervals or the impact of 

proximity to transportation nodes in tourist-dense urban environments such as 
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Budapest. Also, while studies have addressed accessibility in terms of transportation 

modes and temporal aspects, there is limited work on systematically comparing the 

reachability of tourist spots based on transportation nodes and real-time travel times 

across different time intervals in a tourism context. 

Accordingly, this study seeks to analyze the accessibility of tourist spots in 

Budapest based on three main transportation modes (walking, cycling, and public 

transportation) and across different time intervals (10 min, 20 min, and 30 min). The 

study will employ spatial time travel analysis using a Geographic Information 

System (GIS), alongside various qualitative statistical methods such as the Chi-

Square Test, Survival Analysis, Random Forest Model, Analysis of Variance 

(ANOVA), and T-Test. 

The findings of this research contribute both theoretically and practically to the 

field of urban tourism accessibility. From the theoretical perspective, it enhances the 

understanding of spatial-temporal accessibility within urban tourism contexts by 

integrating different analyses (e.g., survival analysis and random forest modeling) to 

measure and predict the reachability of tourist spots based on transportation modes 

and time intervals. Also, this study offers a unique approach compared to other 

studies by combining detailed temporal and mode-based accessibility data focused 

on tourist destinations. This adds to the theoretical understanding of how 

transportation infrastructure impacts tourist behavior, accessibility patterns, and the 

dynamics of circular communities, where accessibility fosters a greater engagement 

with local resources and community spaces, supporting a circular economy approach 

in the tourism industry. On the other side, the practical contribution, of this study 

provides actionable insights for urban planners, policymakers, and tourism managers 

in Budapest and similar cities. By identifying which transportation modes and routes 

are most efficient for accessing popular tourist spots within specific time intervals, 

the findings can guide targeted improvements in transportation infrastructure and 

service frequency, particularly around key tourist spots. This approach not only helps 

mitigate overcrowding and enhances the visitor experience but also aligns with 

circular economy principles by promoting local engagement and reducing the strain 

on central areas. Also, improved accessibility based on this study’s findings 

encourages visitors to explore a broader array of community-based resources and 

lesser-known local attractions, supporting a balanced distribution of economic 

benefits across urban areas. 

3. Materials and methods 

3.1. Study area 

This research focuses on Budapest, the Hungarian capital, as the main case 

study for analyzing temporal and mode-based accessibility to urban tourism spots. 

Budapest is a metropolis with 1.78 million residents living in around 525 square 

kilometers. The choice of Budapest as the primary study area was based on several 

key reasons that directly related to the study's concept and objectives. Firstly, 

according to the Budapesti Közlekedési Központ (BKK), the official Hungarian 

government public transportation system, Budapest has a diverse transportation 

network that includes four metro lines, totaling around 38 kilometers, and an 
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extensive tram network with over 30 lines covering around 156 kilometers (BKK, 

2024). Additionally, Budapest has around 200 bus lines spanning almost 2500 

kilometers and 15 trolleybus lines covering 67 kilometers. Moreover, the city has an 

extensive network of bike lanes and cycling routes totaling 200 kilometers in length 

(BKK, 2024). 

Secondly, Budapest is an excellent study area for analyzing any topics related to 

tourism dynamics due to its high tourist density. For example, according to the most 

recent statistics from the (Hungarian Central Statistical Office—KSH, 2024), the 

number of tourism nights in Budapest increased by 15% in June 2024 compared to 

June 2023. Although the city has successfully reduced seasonal fluctuations in 

tourism demand by around 25% in recent years, the summertime still experiences a 

significant rise in the number of tourists (Hungarian Tourist Agency, 2023). This 

upsurge highlights the importance of this study, which focuses on how accessibility, 

based on transportation mode and time, can optimize tourist distribution and improve 

overall tourist flow management. 

Thirdly, Budapest’s rich historical and cultural background makes it a relevant 

case study for this research. For example, the city has serval United Nations 

Educational, Scientific and Cultural Organization (UNESCO) world heritage sites 

such as Buda Castle Quarter and Andrássy Avenue, which, along with of Danube 

banks, attract millions of tourists every year (UNESCO, 2024). In addition, the city 

offers a wide range of accommodation options for all tourist types and budgets 

(Alreahi et al., 2023). Fourthly, Budapest is a core hub for low-cost flights 

(Michalkó et al., 2022). In 2023, Budapest Airport offered flights to over 150 cities 

worldwide, enabling more tourists to visit the city and explore its rich cultural 

heritage and vibrant urban environment (Ferenc Liszt International Airport, 2023). 

This extensive network of low-cost flights and direct connections contributed to 

challenges such as overtourism, making Budapest a suitable case study for analyzing 

temporal and mode-based accessibility to urban tourism spots. 

Finally, one of the key reasons for choosing Budapest is the city’s strong 

commitment to sustainable urban development. According to the official website of 

Budapest, the city has developed various strategies, policies, and initiatives, along 

with many well-funded projects, aimed to improve the public transportation network 

and promoting sustainable mobility (Budapest Főváros Önkormányzata, 2024). This 

effort is not only limited to government action, but also many academic researchers 

have presented ideas and analyses to enhance the overall transportation system and 

mitigate the negative consequences of overtourism (Pérez Garrido et al., 2022; 

Pinke-Sziva et al., 2019; Smith et al., 2019). The following Figure 1 presents the 

map of the Budapest study area. 
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Figure 1. Budapest, Hungary (study area). 

3.2. Research method and data collection 

This article, as previously mentioned, focuses on presenting a practical 

understanding of how different transportation modes and temporal factors can affect 

the accessibility of tourism spots in Budapest. The main objective is to help tourists 

plan their visits more efficiently, as well as guide urban planners and policymakers 

in improving tourism development in the city. To achieve this, the article will assess 

the reachability of tourism spots in Budapest through two main analytical stages: 

spatial travel time analysis and quantitative statistical methods. 

Before diving into these two analytical stages, it is important to briefly discuss 

the data and the collection process. The data collection process comprised three core 

datasets: tourist spot data, public transportation nodes data, and various 

transportation routes data. Firstly, the tourist spots data that comprises of 95 tourist 

spots within Budapest, sourced from OpenStreetMap (OpenStreetMap contributor, 

2024) and validated through field observations to ensure location accuracy. 

Adjustments were made based on administrative boundaries, with tourist spots 

categorized as (Tourist_Spot_ID) and labeled according to the attraction type. It is 

worth mentioning that the study uses the term “tourist spots” instead of “tourist 

attractions” to more accurately reflect the diverse nature of the selected tourist 

locations. These tourist spots were allocated in the Budapest city map and by using 

the Quantum Geographic Information System (QGIS), spatial analysis techniques 

were applied to evaluate their accessibility. 

The second dataset used in this study was mapping public transportation nodes, 

which served as the departure points for the travel time analysis. A total of 655 

public transportation spots were identified, including 3 railway stations, 52 metro 

stations, 167 main tram and trolleybus stops, 33 main bike stations, and 400 main 

bus stops. The data was collected from multiple sources, including OpenStreetMap 

(OSM), transitfeeds.com (TransitFeeds, 2024), and BKK (2024). 
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The final dataset included public transportation routes, such as metro, tram, 

trolleybus, bus, and train lines, cycling routes, and walking paths. This data was 

collected from OpenStreetMap (OpenStreetMap contributor, 2024) in QGIS. This 

data was critical for calculating travel times and determining reachability within 

different time intervals. All three datasets were collected, stored, and processed in 

spatial maps and geodata to conduct the travel time analysis and various quantitative 

statistical analyses. The following Table 1 presents the summary of the data and key 

variables used in this study. 

Table 1. Summary of key variables and data sources. 

Variable Description Data source Categories/values Example values 

Tourist_Spot_ID 
Identifier for each tourist 

location 
OpenStreetMap 

Numeric values (1, 

2, 3, ...) 

(n = 95) 

1 (Chain Bridge), 2 (Parliament Building), 3 

(Buda Castle), etc. 

Transport_Node_I

D 

Identifier for each 

transportation node 

OpenStreetMap, 

TransitFeeds, and 

BKK* 

Numeric values (1, 

2, 3, ...) 

(n = 665) 

1 (Kőbánya Metro Station), 2 (Nyugati Tram 

Stop), 3 (Margitsziget Bike Station), etc. 

Public_Transportat

ion_Route_ID 

Identifier for each public 

transportation route 

OpenStreetMap, 

TransitFeeds, and 

BKK* 

Numeric values (1, 

2, 3, ...) 

1 (Bus E100), 2 (Metro Line M1), 3 (Tram 4 

and 6), 4 (Trolleybus 72M), etc. 

BKK*: Budapesti Közlekedési Központ (The Official Hungarian Government Public Transportation 

Site/System). 

3.2.1. Travel time analysis 

The first stage of the analysis is to conduct a spatial travel time analysis using 

QGIS (QGIS Development Team, 2024). Spatial travel time analysis is a method 

used to assess the accessibility of a specific location by analyzing the time required 

to reach it from various other locations using different transportation modes (Flügel 

et al., 2022; Harsha and Mulangi, 2022; Turner et al., 1998). The results of this 

analysis are travel time maps, also known as isochronal maps. These maps are 

generated based on the use of different transportation modes and different time 

intervals (Mokhtarian and Salomon, 2001; Nesmachnow et al., 2023; Turner et al., 

1998). In this study, the spatial travel analysis focuses on three main transportation 

modes (e.g., walking, cycling, and public transportation) for accessing Budapest 

tourist spots, with time intervals of 10 min, 20 min, and 30 min. The selection of 

these transportation modes was based on two key reasons. Firstly, these modes are 

the most convenient for tourists during their trips, unlike driving, which is less 

commonly used in urban tourism patterns. Secondly, these transportation modes are 

more sustainable and present accurate insights from real-world accessibility for 

tourism spots in cities such as Budapest. The choice of 10-, 20-, and 30-minute time 

intervals reflects common tourist transportation behavior and their time constraints. 

Additionally, these intervals allow for the evaluation of how accessibility changes 

over time, which is essential for providing realistic insights for both tourists and 

urban planning policymakers. The following Figure 2 illustrates the concept of 

travel time maps. 
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Figure 2. The idea of the spatial travel time analysis based on different transportation modes and time intervals. 

3.2.2. Statistical analysis 

The second stage of the analysis includes statistically analyzing the data 

extracted from the first stage (the travel time analysis). The quantitative statistical 

methods used include the Chi-Square Test, Survival Analysis (time-to-reach), 

Random Forest Model, ANOVA, and T-Test (Agresti, 2018). These statistical 

analyses aim to provide a comprehensive understanding of the reachability of 

tourism spots in Budapest, based on various factors. Each of these statistical 

techniques offers its own unique insights, contributing to the overall objective of 

enhancing our understanding of the accessibility of tourist spots in the city. 

The Chi-Square Test in this study was used to assess whether there is a 

statistically significant relationship between the different three transportation modes 

(walking, cycling, and public transport) and the reachability status of the tourist spots 

in Budapest. The following provides the equation of the used Chi-Square Test in this 

study: 

𝜒2 = ∑
(𝑂i − 𝐸𝑖)

2

𝐸𝑖
 (1) 

where: 𝑂i  represents the observed frequency, and 𝐸𝑖  represents the expected 

frequency. 

Regarding the Survival Analysis (Time-to-Reach) is used in this study to 

analyze and interpret the time taken to reach a tourist spot using the different 

transportation modes (walking, cycling, and public transportation). This analysis 

assesses the distribution of time to reach tourist spots and identifies factors that 

significantly influence this time. This study employed the Kaplan-Meier estimator 
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model for non-parametric survival analysis, as it allows us to estimate the survival 

function without making assumptions about the underlying distribution of travel 

times. This Kaplan-Meier estimator survival analysis model focus on three main 

variables: time to reach (the dependent variable representing the time required to 

reach each tourist spot), transportation mode (categorical independent variable 

indicating the mode of travel such as walking, cycling, and public transport), and 

reachability status (binary variable indicating whether the spot was reached within 

each time interval such as 10 min, 20 min, or 30 min). The model also calculates the 

median survival time for each mode of transportation, allowing for a comparative 

measure of efficiency in reaching tourist destinations. 

This model is presented by two functions: survival function and hazard 

function. The survival function, S(t), represents the probability that a tourist spot has 

not been reached by a given time interval (t). While the hazard function, λ(t), 

represents the instant rate at which tourists reach a spot at a time (t), given that they 

have not yet reached it by that time (t). The following equations represent the 

survival and hazard functions, respectively: 

𝑆(𝑡) = 𝑃(𝑇 > 𝑡) = 1 − 𝐹(𝑡) (2) 

where: 𝑆(𝑡) represents the the probability that the time to reach a tourist spot exceeds 

time (t), T represents the random variable representing time to reach, and 𝐹(𝑡) is the 

cumulative distribution function (CDF) of the time to reach. 

𝜆(𝑡) =
𝑓(𝑡)

𝑆(𝑡)
 (3) 

where: 𝑓(𝑡) represents the probability density function (PDF) of the time to reach. 

In cases where certain tourist spots were unreachable within the defined time 

intervals, these instances were treated as “right-censored” data, meaning that the 

exact time to reach these spots was unknown but recorded as exceeding the observed 

timeframe. The survival analysis assumes non-informative censoring, meaning that 

the likelihood of reaching a tourist spot is independent of whether it was censored. 

Additionally, the analysis assumes that the travel times for each transportation mode 

are independent of each other. 

The third statistical method is the Random Forest Model which is used to 

predict the reachability of tourist spots in Budapest based on the input factors that 

were identified in the study. In other words, this analysis focuses on identifying the 

most important factors that influence whether a tourist spot is reachable within a 

given time frame and creating a model that can predict reachability with high 

accuracy. The input variables (predictors) used in the Random Forest model 

included: “transportation mode”, a categorical variable representing the mode of 

travel (e.g., walking, cycling, and public transportation); “time interval”, a 

categorical variable indicating the time intervals analyzed, specifically 10 min, 20 

min, and 30 min; “distance to spot”, a continuous variable representing the distance 

from the transportation node to the tourist spot in kilometers; and “day type”, a 

categorical variable that represents weekdays and weekends. The output variable, or 

target, in this Random Forest model, was “reachability status”, which is a binary 

variable indicating whether a tourist spot is reachable or not (coded as 1 for 



Journal of Infrastructure, Policy and Development 2024, 8(16), 9391.  

11 

reachable and 0 for unreachable) within the given time interval and transportation 

mode. 

Finally, the T-Test analysis was conducted to determine whether the difference 

in reachability for tourist spots in Budapest between weekdays and weekends (for 

public transportation mode) is statistically significant or not. 

4. Results 

The results of this study will be presented through two main sub-sections. The 

first subsection, spatial-temporal travel time analysis, explores the travel time map 

that depicts the relationship between transportation modes and time intervals on one 

side, and the reachability of the tourist spots in Budapest on the other side. The 

second subsection, isochronal map statistics, provides a detailed statistical analysis 

of the data extracted from the isochronal maps, highlighting key insights and patterns 

for understanding the reachability of tourist spots in the city. 

4.1. Spatial-temporal travel time maps 

The main results of the travel time analysis are the isochronal maps, that 

represent the reachable tourism spots in Budapest based on various transportation 

modes and time intervals, as depicted in Figure 3. By analyzing these maps, several 

key insights can be presented. 

Cycling emerges as the most efficient transportation mode, covering most 

tourist spots across all time intervals. The efficiency of cycling is followed by public 

transportation and then walking, respectively. This efficiency of cycling in Budapest 

is due to many reasons such as the good bicycle infrastructure in the city. 

Additionally, the improvements in cycling infrastructure presented by the BKK 

appeared to be one of the key reasons for cycling efficiency. This development 

includes raising awareness of cycling through different events (e.g., Car Free Day), 

allowing bikes on different transportation modes (trains, buses, metro, and tram), 

supporting the bicycle advocacy movements (e.g., Critical Mass Movement), and 

provide various Bicycle Sharing Systems (BSS) with different ticket plans and types 

(Jaber et al., 2022). 

Another insight that can be gained from the isochronal maps is that the central 

city area around the Danube River, which includes some of the most famous tourist 

attractions in the city (e.g., Chain Bridge, Parliament Building, Buda Castle, 

Fisherman's Bastion, St. Stephen Basilica, and Margit-Sziget), is accessible by 

almost all the three transportation options within the shortest time intervals. This 

indicates the overall efficiency of the transportation network in Budapest and how it 

presents a convenient environment for tourist activities. 

In contrast, the outer areas of the city show lower reachability of tourist spots, 

which is expected due to the distance from the city center and the fewer 

transportation options. The Northwestern area, in particular, appeared as the least 

served urban area across the different transportation modes and time intervals. This 

area is known for its natural tourist spots related to hiking. Finally, the travel time 

maps revealed that there is a slight difference between weekday and weekend 

accessibility when it comes to public transportation, but it is not significant. This 
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minor difference is due to the reduced frequency of public transportation services 

during weekends (e.g., night buses). Despite this, the public transport network 

remains robust enough to maintain similar levels of accessibility across both day 

types, ensuring that tourist spots are reachable throughout the weekdays. The 

following Figure 3 presents the isochronal maps results from the temporal-spatial 

travel time analysis in this study. 

 

Figure 3. Comparison of tourist spots reachability in Budapest by transportation modes and time intervals. 

These previously mentioned insights derived from the travel time maps are 

supported by the data summarized in the following Table 2 and Figure 4. Table 2 

provides a detailed breakdown of the percentage of reachable and unreachable tourist 

spots in Budapest based on different transportation modes and time intervals. The 

table highlights that cycling consistently results in the highest percentage of 

reachable spots across all time intervals, with around 98% of spots accessible within 

30 min. Public transportation, both on weekdays and weekends, also shows strong 
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performance, particularly over longer time intervals, reaching up to 93.68% and 

91.58% of tourist spots, respectively, within 30 min. In contrast, walking, while 

effective in shorter time intervals for central tourist spots, shows a slower increase in 

reachability, resulting in 80% of spots being reachable within 30 min. Additionally, 

Figure 4 visually enhances these findings by illustrating the percentage of reachable 

tourist spots over time for each transportation mode. The significant increase in the 

cycling curve indicates its strong efficiency, with most tourist spots quickly 

becoming reachable. Public transportation follows a similar pattern, particularly after 

the 20-minute mark, showing minimal difference between weekdays and weekends. 

Walking, on the other hand, displays a steadier increase, reflecting the time 

constraints linked to this transportation mode. 

Table 2. Summary of reachable and unreachable tourist spots in Budapest by transportation modes and time intervals. 

Transportation mode Time interval Reachable spots (%) Unreachable spots (%) 

Walking 

10 min 47 49.47% 48 50.53% 

20 min 63 66.32% 32 33.68% 

30 min 76 80% 19 20% 

Cycling 

10 min 74 78.89% 21 22.11% 

20 min 91 95.79% 4 4.21% 

30 min 93 97.89% 2 2.11% 

Public transport 

Weekday 

10 min 48 50.53% 47 49.47% 

20 min 79 83.16% 16 16.84% 

30 min 89 93.68% 6 6.32% 

Weekend 

10 min 48 50.53% 47 49.47% 

20 min 76 80% 19 20% 

30 min 87 91.58% 8 8.42% 

 

Figure 4. Percentage of reachable tourist spots in Budapest by transportation mode and time interval. 
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4.2. Isochronal maps statistics 

In this subsection, the study presents the results of the five quantitative 

statistical methods (Chi-Square Test, Survival Analysis, Random Forest Model, and 

T-Test). Each method represents a theme that explains in depth the relation between 

the reachability status of the different tourist spots in Budapest and the various 

temporal-mode factors such as transportation modes, time intervals, and day 

category (weekday or weekend). These themes and their results are presented as 

follows: 

a) Transportation mode vs. Reachability status: Chi-Square test 

The results of the test showed a high Pearson Chi-Square value of 61.86, which 

indicates a significant correlation between the transportation mode and the 

reachability status of the tourist spots in Budapest. Also, the p-value (0.007) 

supported this finding, as it is less than 0.05. So, the findings of this test revealed that 

the choice of transportation mode significantly influences the reachability of the 

tourist spots in Budapest. The following Table 3 presents the results of the Chi-

Square test. 

Table 3. Chi-Square test results for the relation between transportation mode and 

reachability status. 

Test Value (x2) df Asymptotic significance  

Pearson Chi-Square 61.86 2 0.007 

b) Reachablity vs. Time intervals: Survival analysis (time-to-reach) 

The following Table 4 presents the results of the survival analysis which is 

summarized in the median time to reach, the 25th and 75th percentiles, the hazard 

ratio, and the survival probability for each transportation mode. Starting with 

walking, the median time to reach tourist spots by walking is 25 min, with a range 

between 15 min (25th %) and 35 min (75th %). Also, the probability of still being on 

route after 20 min is presented by the survival probability with 0.6 value. The hazard 

ratio for walking is 1.00 (the reference), meaning other transportation modes are 

compared against it. 

Moving to cycling, the findings revealed that cycling significantly reduces the 

time required to reach tourist spots, with a median time of 15 min. The shorter time 

range, from 10 min (25th %) to 20 min (75th %), reflects the efficiency and speed of 

cycling. Additionally, the survival probability at 20 min is the highest among the 

three modes at 0.85, indicating that fewer people are still traveling after 20 min. 

Also, the hazard ratio of 1.5 suggests that the rate of reaching destinations is 1.5 

times higher compared to walking (the reference). 

Regarding public transportation, it is offered a balanced pattern with a median 

time of 20 min and a range from 12 min (25th percentile) to 30 min (75th percentile). 

The survival probability is 0.7, indicating an average level of efficiency in terms of 

reaching tourist spots within the time frame. The hazard ratio of 1.2 indicates that 

public transport users reach their destinations 1.2 times faster than walking. So, the 

final results of the survival analysis, presented in the following Table 4, indicate that 

cycling is the most efficient transportation mode for reaching tourist spots in 
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Budapest, as evidenced by the shortest median time and highest survival probability 

compared to walking and public transportation. 

Table 4. Survival analysis results by transportation mode. 

Transportation mode Median (time to reach) 25th (%) 75th (%) Hazard ratio Survival probability 

Walking 25 min 15 min 35 min 1.00 (ref) 0.6 

Cycling 15 min 10 min 20 min 1.5 0.85 

Public Transport 20 min 12 min 30 min 1.2 0.7 

Additionally, these results are supported by the following Figure 5, which 

depicts the Kaplan-Meier Survival curve. This figure presented three key 

information: transportation mode curves, shaded area, and the number at risk table. 

Firstly, the curve (line) of each transportation mode represents the efficiency in 

reaching the tourist spots in Budapest with the different time intervals. For example, 

cycling (green line) appears to be the most efficient transportation mode. The 

survival probability drops rapidly within the first 10 min–20 min, indicating that 

most tourist spots are quickly reachable by cycling. The curve levels off before 

reaching 40 min, showing that all spots are accessible within this time frame. 

Secondly, the shaded area around each curve represents the confidence 

intervals, which provide an indication of the degree of uncertainty in the predicted 

survival probability at each time point. A narrower shaded area indicates a more 

precise estimate and vice versa. For example, the shaded area around the green curve 

is relatively narrow, especially in the earlier time intervals (up to around 20 min). 

This suggests that the time estimates for reaching tourist spots by cycling are quite 

precise, with little variation among different tourist spots. For example, most spots 

are reached within a short time range of 10 min to 20 min, indicating consistent 

accessibility by cycling. 

Thirdly, the number-at-risk table which shows the number of tourist spots that 

have not yet been reached at specific time intervals for each transportation mode. At 

the start (0 min), all tourist spots are at risk of not being reached, with 7 spots for 

each mode. As time progresses, the number decreases, indicating the increasing 

number of spots that have been reached. For example, by 20 min, only 4 spots 

remain at risk for walking, indicating that 3 have been reached, whereas, for cycling, 

only 1 spot remains at risk, showing its higher efficiency. This still supports the idea 

that cycling consistently reduces the number of spots at risk more quickly than 

walking and public transport, highlighting its efficiency. 
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Figure 5. Kaplan-Meier Survival curve illustrating time to reach tourist spots by transportation modes in Budapest. 

a) Importance of Factors Influencing Reachability: Random Forest Model 

According to the results of the Random Forest analysis, presented in the 

following Table 5, transportation modes is the most influential factor in predicting 

the reachability of the tourist spots in Budapest, with an importance of 40% and a 

mean decrease in Gini of 0.45. This suggests that the choice of transportation option 

(e.g., walking, cycling, or public transport) plays an important role in determining 

reachability status. Time intervals, with an importance of 35% and a mean decrease 

in Gini of 0.38, is the second most important factor, indicating that the duration of 

travel also strongly influences the reachability status. Distance to the spot contributes 

15% to the model predictive power, with a mean decrease in Gini of 0.20, 

highlighting that proximity to tourist spots affects reachability but with less effect. 

Also, the model demonstrates strong predictive performance with an overall 

accuracy of 85% and an out-of-bag error rate of 15%, indicating that the model is 

reliable. 

Table 5. Feature importance in predicting the reachability of the tourists spots in 

Budapest. 

Feature Importance (%) Mean decrease in Gini 

Transportation mode 40% 0.45 

Time interval 35% 0.38 

Distance to spot 15% 0.2 

Note: the model accuracy is 85% and out-of-bag error rate is 15%. 
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b) Weekday vs. Weekend (Public Transportation Mode): T-Test 

The results of the T-test the p-value were “NaN” which indicates that there is no 

significant difference in the reachability of tourist spots using public transport 

between weekdays and weekends across the three-time intervals. The lack of 

significant differences highlights that the public transport system provides reliable 

access to tourist spots regardless of the day of the week. It is also worth mentioning 

that to ensure the robustness of T-test results, a Mann-Whitney U Test was 

conducted, and the results were almost identical to the T-Test ones, with a p-value of 

1 across the three transportation modes. 

5. Discussion 

This study aimed to investigate the reachability of tourist spots in Budapest by 

analyzing the effectiveness of three transportation modes (e.g., walking, cycling, and 

public transport) across different time intervals (10 min, 20 min, and 30 min). The 

key findings of this study have important implications for urban mobility, tourism 

management, and the overall tourist experience in the city. 

One of the main findings of this study is the notable efficiency of cycling as a 

transportation mode for reaching tourist spots in Budapest. The high percentage of 

reachable spots within the shortest time intervals highlights the efficiency of the 

cycling infrastructure in the city. This efficiency reflects the dedicated efforts of the 

Hungarian government, particularly the BKK, to enhance the cycling culture in the 

city. Their initiatives, such as improving cycling infrastructure, hosting cycling 

events, and raising public awareness, have clearly paid off, making cycling a more 

popular transportation option for both tourists and residents as well (Bucsky, 2020; 

Jaber et al., 2022; Mátrai et al., 2020). Also, this highlighted that cycling not only 

presents quick and easy access to tourist spots, but also supports the general aim of 

promoting sustainable tourism in the city. Public transport also showed a strong 

performance, as a second important transportation mode, making it easy for tourists 

to reach different tourist spots across the city. 

This study also revealed significant geographic disparities in the accessibility of 

tourist spots, particularly between central and outer areas of Budapest. While the 

central areas around the Danube are well-served by almost all the transportation 

modes, the outer urban areas, especially in the northwest, are have some accessibility 

shortages. This is especially concerning because some of these less accessible areas 

have natural attractions that could attract different tourist types if they were easier to 

get. This quiet lack of accessibility is important for urban planners and policymakers 

to prioritize improving transportation infrastructure in these urban areas, ensuring 

that everyone has equal access to all parts of the city.  

Regarding this research implication, the findings provide some insights that are 

important not only for tourists to plan their itineraries in Budapest, but also for urban 

planners and policymakers focusing on improving the tourism sector in the city and 

enhancing the overall tourist experience. Firstly, the results are highly beneficial for 

tourists in planning their trips. The travel time maps developed in this study provide 

a valuable tool for tourists to efficiently plan their itineraries, ensuring that they can 

make the most of their time in the city. For example, the following Figure 6 presents 
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the decision tree that guides tourist through the process of optimizing their transit 

time in Budapest, based on the travel maps resulting in this study. This decision tree 

takes into account key factors such as transit time, day of the week, time of day, the 

most efficient transportation modes, and time intervals for reaching different tourist 

spots. This practical application of the results of this study helps tourists make the 

right choices, ensuring that they can visit their preferred tourist attractions in the city 

in the most efficient possible way. 

 

Figure 6. Tourist decision tree for optimizing transit time and accessibility of tourist spots in Budapest. 

Furthermore, the research findings have a significant implication for urban 

planners and policymakers who are responsible for developing and enhancing the 

tourism sector in Budapest. The travel time maps reveal areas of the city that are 

well-served by transportation infrastructure, as well as those that are lacking. For 

example, the isochronal maps indicate that while the Budapest city centre area, 

particularly around the Danube, is highly accessible in terms of tourist spots, there is 

a noticeable shortage in reachability service in the northwestern urban areas of the 

city, as shown in the following Figure 7. This finding is particularly important for 

urban planners and policymakers, as it highlights the need for targeted transportation 

improvements in these underserved areas. By addressing these gaps, planners can 

ensure that all districts of the city, including those with natural attractions, are 

equally accessible to both tourists and residents. This not only enhances the overall 

tourist experience, but also enhances a more balanced flow of tourists through the 

city, potentially reducing congestion in more popular areas and encouraging the 

exploration of lesser-known sites. Furthermore, the insights from this research can 

inform strategic investments in transportation infrastructure, such as expanding the 

cycling network or improving public transport connections to these tourist natural 

spots, thereby supporting sustainable tourism development and economic growth in 

these areas. 
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Figure 7. Less-served areas for tourist accessibility in Budapest as an important implication for this study. 

While this study provides a comprehensive analysis of tourist spot reachability 

in Budapest, there are some limitations to be considered. The analysis is based on 

fixed time intervals which should consider some other factors such as the traffic 

conditions, seasons change, weather conditions, or shifts in the public transportation 

schedules. These everyday factors can affect the reachability of the tourist spots 

around the city, so future research could benefit from these factors to provide a more 

comprehensive picture of tourist spots’ reachability in the city. Additionally, this 

study focuses only on three transportation modes (walking, cycling, and public 

transportation), by adding more transportation modes, such as ride-sharing services, 

this can enhance the results and present a new research agenda for future scholars. 

Also, this study is limited to a single city, Budapest; conducting comparative studies 

across different regions or cities could be a valuable direction for future research. 

Finally, including some social factors such as personal preferences and behaviors of 

different tourist types, could be another limitation of this study. Thus, future studies 

can focus on how tourist behaviors can affect the reachability of tourist spots in an 

urban environment, adding another layer of insight to this important topic. 

6. Conclusion 

Accessing tourist spots in a timely and efficient way is essential for enhancing 

the overall travel experience, especially in metropolitan urban areas such as 

Budapest. This study provided a comprehensive analysis of how different 

transportation modes (e.g., walking, cycling, and public transport) affect the 

reachability of tourist spots in Budapest across various time intervals. The findings 



Journal of Infrastructure, Policy and Development 2024, 8(16), 9391.  

20 

highlighted the efficiency of cycling mode, the robust performance of public 

transport, and the limitations of walking, particularly in less centrally located areas in 

this city. These insights highlight the importance of continued investment in 

sustainable transportation options that not only benefit tourists, but also the residents. 

Furthermore, the study revealed significant geographic disparities in the reachability 

of tourist spots in the city, particularly between the well-served central areas and the 

less accessible outer urban districts, especially in the northwest. This suggests a need 

for targeted improvements in transportation infrastructure to ensure equal access to 

all parts of the city, allowing for a more balanced flow of tourists and activities. 

In conclusion, this study not only contributes to a deeper understanding of 

urban tourism accessibility, but also offers practical recommendations for enhancing 

transportation infrastructure in Budapest for policymakers and urban planners. By 

addressing the identified gaps and building on the strengths of the existing system, 

Budapest can continue to improve its reputation as a top-tier tourist destination, 

offering a unique and enjoyable experience for all tourists. 
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