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Preface 

This thesis was written in collaboration with DataFryslân, a 

cooperation with 19 members consisting of Frisian municipalities, 

educational and research institutions, healthcare organizations, 

housing associations, and other public-sector partners. DataFryslân 

aims to strengthen data-driven working and digital collaboration in 

Fryslân. Through collaboration, knowledge sharing, the application 

of data science and artificial intelligence, and the development of a 

Fryslân dataspace, the organization supports its members in 

addressing regional challenges through innovative and data-driven solutions. I would like to thank 

DataFryslân for the opportunity to conduct this research, and for their guidance throughout the 

process.  

This research on the Lelylijn builds upon earlier studies conducted by DataFryslân, including their 

work on transport poverty (“vervoersarmoede”). The research on transport poverty highlighted how 

unequal access to transportation can limit participation in economic and societal activities. By 

examining multiple indicators related to mobility, accessibility, and socio-economic vulnerability, the 

study aimed to map which groups and areas in Fryslân face a higher risk of transport poverty.  In 

doing so, this work emphasizes the importance of mobility and connectivity for regional opportunity 

and quality of life (DataFryslân, 2022).  

This thesis also connects to future research initiatives within DataFryslân concerning the Daily Urban 

System (DUS) of Fryslân. This upcoming research aims to develop a factual and up-to-date 

understanding of how cities, towns, and villages in Fryslân function as an interconnected regional 

system rather than as separate entities. In particular, the research focuses on the relationship 

between accessibility, spatial planning, infrastructure, and regional livability, while also examining 

the potential impact of the Lelylijn on internal mobility and connectivity within Fryslân. By mapping 

travel times, accessibility, and the relationships between urban and rural areas, the DUS research 

seeks to support future decision-making regarding regional development, infrastructure investments, 

and the broader spatial strategy of Fryslân. Together, these studies underline the broader societal 

relevance of accessibility, mobility, and regional attractiveness, which also form the core themes of 

this thesis. In this way, this study contributes to DataFryslân’s broader research agenda by providing 

insights into the potential impact of the Lelylijn on job accessibility and connectivity of Fryslân. 
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Abstract 

Transport infrastructure plays an important role in shaping accessibility to employment opportunities 

and influencing regional development. By reducing travel times and improving connectivity, 

transport investments can expand labor market access and contribute to broader economic and 

social outcomes. In the Netherlands, the proposed Lelylijn railway aims to strengthen connections 

between the Northern Netherlands and the Randstad by creating a new rail link between Groningen, 

Leeuwarden, and Lelystad. The project is frequently associated with ambitions related to 

accessibility, broad prosperity, and regional economic development. Despite these expectations, 

limited evidence exists regarding the likely impact of the Lelylijn on job accessibility. Research on the 

project has primarily focused on stakeholder perspectives and expected societal impacts, while 

quantitative assessments of accessibility remain scarce. As a result, uncertainty remains about how 

the railway could affect access to employment opportunities across Fryslân. 

This study addresses the question of to what extent the Lelylijn could influence job accessibility for 

residents of Fryslân. Using a GIS-based spatial simulation and a cumulative opportunity measure, the 

research shows that the implementation of the Lelylijn could increase job accessibility in Fryslân by 

an average of 14.21%, although effects vary considerably between neighborhoods. The largest 

accessibility gains are concentrated around planned station locations, particularly in Drachten and 

Heerenveen, while accessibility improvements become increasingly pronounced at longer travel-time 

thresholds. These findings support previous claims that the Lelylijn could improve access to 

employment opportunities by reducing travel times and strengthening connections between the 

Northern Netherlands and the Randstad. Unlike previous studies that primarily discussed expected 

impacts conceptually, this research provides a quantitative estimate of how accessibility may change 

across neighborhoods. Although the Lelylijn remains a proposed project, the findings suggest that it 

has the potential to substantially expand employment opportunities available to residents. 

Furthermore, this study demonstrates the value of spatial accessibility modelling for evaluating the 

potential accessibility effects of transport infrastructure projects before their implementation.  
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1 Introduction  

The proposed Lelylijn is a planned railway connection between the Northern Netherlands and the 

Randstad, intended to significantly improve accessibility between these regions. The Randstad 

comprises four provinces in the central west of the Netherlands: North Holland, South Holland, 

Utrecht, and Flevoland. Unlike a single city or a metropolitan area built around one core, such as 

Paris or London, the Randstad is a network of large and medium-sized cities, including Amsterdam, 

Rotterdam, The Hague, and Utrecht, forming a densely populated and economically dynamic region. 

Almost half of the Dutch population resides in the Randstad, and more than half of the Netherlands’ 

gross national product is earned in the Randstad (HNP, 2024).  

Although discussions about an additional rail connection date back to the 1960s, the project has not 

yet been realized, and decisions regarding its exact route, construction method, and station’s 

locations are still pending. In 2007, the Tweede Kamer (Dutch House of Representatives) decided not 

to build the line, arguing that the Northern Netherlands would gain minimal economic benefit. In 

recent years, the plan was revived under the name Lelylijn. It is now planned as a conventional 

railway connecting Groningen and Lelystad, with a branch to Leeuwarden. Supported by 

sustainability ambitions and the national housing shortage, the Lelylijn was included in the previous 

coalition agreement (NOS Nieuws, 2025). 

The main challenge remains financing. Initially €3.4 billion was allocated for the project, but more 

than half of these funds were later redirected to the Lower Saxony Line, a railway between 

Groningen and Enschede via Emmen (NOS Nieuws, 2025). In 2024, the Ministry of Infrastructure and 

Water Management estimated that at least €13.8 billion would be needed to build the Lelylijn. Cost 

projections range from €8.2 billion for the most economical variant to €17.2 billion for the most 

expensive, with the middle variant, which maximizes time savins and passenger numbers, estimated 

at €13.8 billion. Annual maintenance costs are projected between €125 and €525 million 

(Projectorganisatie Lelylijn, 2024). On 13 April 2023, the Transport Committee of the European 

Parliament adopted a proposal to give the Lelylijn a more prominent place on the new European 

TEN-T transport map, making it eligible for EU subsidies. Experience suggests, however, that this may 

cover at most €1 billion. Regional authorities are expected to contribute, but given their limited 

financial capacity, this will likely be a small portion of the total cost (Dijk, 2023). At present, the 

Lelylijn remains under consideration, but its future depends on securing sufficient funding. 

Nevertheless, the Lelylijn is increasingly framed as more than a transport infrastructure project; it is 

considered a strategic instrument to strengthen the socio-economic position of the Northern 

Netherlands and improve its national connectivity (Brouwer et al., 2024). Based on the Broad 

Prosperity Monitor (MBW) published by Statistics Netherlands, Anema et al. (2021) find that Fryslân 

performs relatively well on several non-material dimensions of well-being. The province scores 

positively on indicators such as life satisfaction, perceived health, environmental quality, and safety. 

At the same time, Fryslân performs below the national average on various aspects of material well-

being. Indicators related to income levels, earning capacity, labor market participation, and 

education level are comparatively lower (Anema et al., 2021).  
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One of the central arguments for the Lelylijn is the substantial reduction in travel time it could 

provide. A direct rail connection between Groningen and Lelystad would shorten travel routes by 

avoiding the current detour via Zwolle, potentially reducing travel time between the North of the 

Netherlands and the Randstad by up to 45 minutes (Meiboom et al., 2026; Zonneveld, 2022). 

Improved regional accessibility is also expected, with connections such as Drachten-Groningen 

potentially decreasing from approximately 45 minutes to 13 minutes by public transport (Meiboom 

et al., 2026). By reducing travel times, the railway could significantly improve job accessibility, 

allowing residents of the Northern Netherlands to reach a larger number of employment 

opportunities within a reasonable commuting time. Beyond national mobility improvements, the 

project is also associated with opportunities for enhanced international train connections towards 

destinations such as Brussels, Paris, Germany, and Scandinavia (Meiboom et al., 2026).  

Reduced travel times may also have broader implications for well-being and the distribution of 

prosperity across the Netherlands. Improved connectivity between the Norther Netherlands and the 

Randstad could support a more balanced spatial distribution of population and economic activity by 

making it easier for people to live in peripheral regions while maintaining access to employment 

opportunities elsewhere. Such development may help relieve pressure on housing and labor markets 

in the Randstad while simultaneously strengthening economic opportunities in the North (Dijk, 

2023). Importantly, the potential benefits of improved accessibility are not necessarily confined to 

the regions that receive the investment. Research discussed by Dijk (2023), drawing on findings from 

the Planbureau voor de Leefomgeving (PBL; Dutch Environmental Planning Agency), suggests that 

investments in economically weaker regions can generate wider national benefits. Through so-called 

trickle-up effects, economic growth and increased connectivity in peripheral areas may also 

contribute to growth and prosperity in already strong regions such as North Holland, South Holland, 

and North Brabant. From this perspective, investments in infrastructure such as the Lelylijn can be 

understood not only as a regional development strategy, but also as a means of supporting broader 

national prosperity.  

The relevance of the Lelylijn is particularly evident considering ongoing demographic and economic 

challenges in Northern peripheral regions, including lower income levels, earning capacity, and the 

outmigration of highly educated young people. Areas along the northern coast and the German 

border are experiencing population decline and brain drain, with young and highly educated 

individuals often moving towards urban centers such as Groningen or the Randstad (Van Dijk et al., 

2022). Although the city of Groningen attracts students from outside the region, many graduates 

leave after completing their education, contributing to long-term regional human capital shortages 

(Van Dijk et al., 2022). Infrastructure improvements such as the Lelylijn are frequently proposed as 

potential solutions to these challenges, as improved connectivity may expand labor markets and 

increase job accessibility by providing residents with access to a wider range of employment 

opportunities (Meiboom et al., 2026).  

The expected impacts of the Lelylijn go beyond mobility to broader regional development outcomes. 

Infrastructure investments of this scale are often associated with labor market integration, economic 

growth, and spatial development. Estimates from the Final Report of the Lelylijn Master Plan suggest 

the project could generate between 30,000 and 70,000 additional jobs through economic and spatial 

development around the rail corridor, while also stimulating economic diversification and resilience 

in the Northern Netherlands (Meiboom et al., 2026). As such, the Lelylijn is frequently linked to 

ambitions related to broad prosperity, sustainable mobility, and equal opportunities between regions 
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(Bieleman et al., 2026; Dijk, 2023; Meiboom et al., 2026; Zonneveld, 2022). However, many projected 

benefits remain speculative, as no final decision has been made regarding the construction or 

implementation of the railway. 

While these impacts are projected at a regional scale, their implications for specific areas such as 

Fryslân call for closer examination. The province faces unique challenges, including outmigration of 

highly educated young people and limited local employment opportunities, which could be 

influenced by improved transport connections. In this context, the Lelylijn is positioned as a potential 

catalyst for regional transformation, influencing where people choose to live and work. At the same 

time, given the substantial financial investment required for the project and the ongoing uncertainty 

surrounding its realization, it becomes increasingly important to assess its potential benefits in a 

more concrete and evidence-based manner. Understanding how the Lelylijn may influence access to 

employment for residents of Fryslân is therefore crucial for evaluating its potential role in shaping 

regional development and local living and working patterns. More specifically, assessing changes in 

the number of employment opportunities that can be reached within reasonable travel times 

provides a concrete way to evaluate one of the key expected benefits of the railway. 

Therefore, this thesis asks: To what extent could the Lelylijn influence job accessibility for residents 

of Fryslân? The aim is to provide a quantitative spatial simulation of potential relative shifts in 

employment opportunities. Changes in labor market accessibility may subsequently influence 

commuting behavior and residential attractiveness, thereby shaping working and living patterns in 

the region. This research specifically examines how the Lelylijn could alter the number of reachable 

employment opportunities for residents of Fryslân. A spatial simulation approach is particularly 

suitable for this research question, as the Lelylijn has not yet been realized and its effects on 

accessibility cannot be directly observed. By modelling changes in travel times within a GIS-based 

framework, it becomes possible to estimate scenarios in which the railway is in place. 
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2 Literature Review 

2.1 Accessibility, Regional Development, and the Lelylijn 

The Lelylijn is no longer seen only as a railway project, but also as a way to support wider regional 

development in the northern Netherlands. Several studies emphasize its potential contribution to 

accessibility, economic vitality, and spatial equity (Bieleman et al., 2026; Dijk, 2023; Meiboom et al., 

2026). Accessibility refers to the ease with which people can reach jobs, services, and other 

opportunities. Economic vitality relates to regional economic strength, including employment growth 

and productivity. Spatial equity concerns a more balanced distribution of opportunities and 

development across regions.  

Qualitative workshop research by Brouwer et al. (2024) shows that residents are generally positive 

about its expected contribution to broad prosperity, though they recognize trade-offs. The most 

frequently mentioned positive effects relate to housing, sustainability, and accessibility. Participants 

expect increased housing choice and rising property values, reduced emissions due to a shift from car 

to rail travel, and improved access to jobs and education through shorter travel times and expanded 

labor market opportunities. At the same time, respondents highlighted several potential negative 

consequences that often represent the other side of the same developments. For example, rising 

housing values could reduce affordability for existing and prospective residents. Spatial pressures 

around existing and potential stations were also identified as a concern, particularly where space is 

already limited or where new infrastructure could affect surrounding neighborhoods.  Additionally, 

while increased train use is viewed positively from a sustainability perspective, it may also lead to 

noise disturbances and environmental impacts if new rail infrastructure passes through natural 

areas. 

While Onclin et al. (2023) highlight potential local economic and housing benefits, conditional on 

spatial integration choices, the effects of improved rail accessibility on housing markets and wages 

remain uncertain. Evidence from Sweden suggests that increased railway accessibility does not 

automatically translate into substantial economic gains for individuals. Johansson et al. (2020) 

analyze job accessibility across Sweden using a cumulative opportunity measure and apply both 

fixed-effects and yearly cross-sectional models to compare changes in the rail network between 2011 

and 2014 with a counterfactual unchanged network. One explanation is that the relatively short 

study period may not capture longer-term labor market changes, such as shifts in the size of the 

workforce or changes in where firms and workers choose to locate. These findings suggest that 

although transport investments can improve accessibility, wider economic benefits may take time to 

appear and are not guaranteed. Overall, the literature agrees that rail investments improve 

accessibility, but evidence on labor market integration, commuting shifts, and residential relocation 

remains limited and context dependent.  

2.2 Methodological Approaches in Accessibility Research 

From a methodological perspective, the literature reveals a clear imbalance between qualitative and 

quantitative approaches. Research on the Lelylijn itself is dominated by qualitative methods, whereas 

more advanced quantitative and causal approaches are primarily found in international studies on 

comparable high-speed rail (HSR) projects.  
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In the Dutch context, qualitative methods are widely used to capture perceptions, expectations, and 

broader societal impacts of the Lelylijn. For example, Brouwer et al. (2024) employ scenario 

workshops with residents to explore potential effects on broad prosperity, while Bieleman et al. 

(2026) conduct interviews with experts involved in high-speed rail research to gather in-depth 

insights. These approaches provide valuable, context-specific perspectives and incorporate both 

stakeholder and expert views into the evaluation of the project. Similarly, Barten et al. (2020) apply a 

multi-stream qualitative approach, working in parallel on three analytical tracks: transport, spatial-

economic impacts, and cost-benefit analysis. These streams were developed independently and later 

integrated through structured sessions, including a session inspired by Disney in which participants 

adopted the roles of the dreamer, the maker, and the critic to explore ideas from different 

perspectives. However, despite their strengths, these qualitative approaches are inherently limited in 

scalability, objectivity, and generalizability. Small sample sizes, such as low attendance in some 

workshops, and the reliance on expert judgment introduce potential selection bias. In addition,  the 

time-intensive nature of data collection restricts their suitability for systematic impact assessment. 

Quantitative methods are less frequently applied in the Dutch Lelylijn context, and when applied, 

tend to remain descriptive. For instance, accessibility measures such as travel time isochrones and 

Public Transport Accessibility Levels (PTAL), as applied by Beinecke et al. (2026), provide useful 

visualizations and indicators of public transport availability. PTAL measures how well a location is 

connected to public transport based on proximity to stops and service frequency (Transport for 

London, 2016). Nevertheless, these methods mainly describe accessibility patterns rather than 

estimating causal impacts, and their analytical scope is also constrained by design choices such as 

focusing on a single origin point. 

By contrast, international studies demonstrate a more advanced application of quantitative and 

causal methods. For example, Carbo et al. (2019) apply both Difference-in-Differences (DiD) and the 

Synthetic Control Method (SCM) to evaluate the economic impacts of HSR investments in Spain. DiD 

estimates causal effects by comparing changes over time between treated and control groups, while 

SCM constructs a weighted “synthetic” control unit to approximate the counterfactual scenario.  

These approaches enable stronger causal inference by comparing treated and control regions over 

time and by constructing data-driven counterfactual scenarios. Similarly, Cascetta et al. (2020) 

combine survey data with multiple regression models to estimate the relationship between HSR 

accessibility and regional economic growth in Italy. Other studies, such as Cui et al. (2026) and 

(Johansson et al., 2020), employ cumulative opportunity measures, which capture the  number of 

opportunities that can be reached within a given travel time. This approach provides a direct and 

interpretable measure of accessibility and forms the basis for the methodology applied in this thesis, 

which is discussed in more detail in the Methods section. 

Overall, the literature highlights a clear methodological gap. While qualitative approaches dominate 

research on the Lelylijn, there is a notable lack of robust quantitative analyses in this context. At the 

same time, international evidence demonstrates that such methods are both feasible and valuable 

for assessing the impacts of large-scale transport investments. This suggests that applying 

quantitative methods can provide a more systematic and empirically grounded understanding of 

potential effects. This thesis builds on these insights by applying a quantitative spatial approach to 

simulate how the Lelylijn could influence job accessibility for residents of Fryslân. By estimating 

changes in the number of reachable employment opportunities, it provides a data-driven and 

spatially explicit assessment of how access to jobs may change across the province. 
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3 Methodology  

3.1 Data 

This study uses several existing datasets to analyze job accessibility for residents of Fryslân and to 

estimate the potential impact of the proposed Lelylijn railway. In this research, job accessibility for 

residents of Fryslân is measured as the number of employment opportunities that can be reached 

within a specified travel time. The number of jobs at each destination is estimated by combining the 

number of companies with the average number of employees per industry. Accessibility is then 

calculated using the cumulative opportunity measure, which counts the number of reachable 

employment opportunities within multiple travel time thresholds (Cui et al., 2026; Johansson et al., 

2020; Palacios & El-geneidy, 2022). By comparing the accessibility levels in the current transport 

network with simulated scenarios that include the Lelylijn, the analysis operationalizes the potential 

impact of the proposed railway on job accessibility for residents of Fryslân.  

3.1.1 Data Sources 

The analysis requires several types of spatial and statistical data, including information on residential 

locations, company locations, employment opportunities, and transport networks. Population and 

business data are obtained from Statistics Netherlands (CBS). The dataset “Wijk- en Buurtkaart” 

provides information on the number of inhabitants and businesses at the neighborhood (“buurt”) 

level across the Netherlands (CBS, 2023). To estimate the number of jobs associated with businesses, 

the dataset “Aantallen bedrijven en werknemers naar bedrijfsgrootte” from CBS is used (CBS, 2024). 

In addition, BAG (Basisregistratie Adressen en Gebouwen) data are used to construct weighted 

residential origin points within neighborhoods. Public transport network data are obtained from 

publicly available General Transit Feed Specification (GTFS) files. These data are combined with road 

network data to represent the broader transport infrastructure. In addition, spatial information on 

the proposed Lelylijn stations and routes are extracted from official project documentation and 

planning reports. A more detailed explanation of how these datasets are used in the analysis is 

provided in section 3.1.2.  

All datasets and derived files will be stored on secure digital storage provided by the University of 

Groningen and on a personal computer, with backups on OneDrive to prevent data loss. Ownership 

of the original datasets remains with the organizations that provide them. This research does not 

require full ethical approval, as it does not involve human participants, personal data, or sensitive 

information. The study consists of a quantitative spatial simulation using aggregated secondary data, 

such as transport networks and regional employment statistics. No identifiable individual-level data 

will be collected or analyzed, and there are no vulnerable groups, risks to participants, or use of AI 

decision-making affecting individuals. Therefore, no ethical risks are expected. Nevertheless, the 

research will follow principles of responsible data use, transparency, and academic integrity, with 

clear documentation of data sources and modelling assumptions. 

3.1.2 Job Data 

Data on companies is obtained from Statistics Netherlands (CBS) using the “Wijk- en Buurtkaart” 

dataset, which provides the number of businesses at the neighborhood (“buurt”) level. However, the 
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number of businesses alone does not accurately represent employment opportunities, since 

companies vary significantly in size.  

To better estimate the number of jobs available at each destination, this study uses the CBS dataset 

“Aantal bedrijven en werknemers naar bedrijfsgrootte”. This dataset provides information on the 

number of employees per industry and the number of companies within each industry 

(“bedrijfstak”). These figures will be used to estimate the number of employees allocated to 

synthetic business locations constructed from neighborhood-level data. The dataset is based on 2024 

figures and was produced on request of the Dutch Labor Inspectorate. A limitation of this approach is 

that the employment data does not perfectly align in time with the “Wijk- en Buurtkaart” dataset. 

However, this temporal mismatch is likely to have limited influence on the results, as the overall 

distribution of employment across industries is expected to remain relatively stable between 2023 

and 2024.  

Spatial information on business locations is obtained from the “Wijk- en Buurtkaart”, which reports 

the number of companies per industry at the neighborhood level. Because precise geocoded 

business locations are not available, individual companies are spatially disaggregated within 

neighborhoods using a random point allocation approach. This preserves the total number of firms 

while creating a spatial representation of their locations. This approach enables a more realistic 

representation of employment opportunities than assuming equal job counts per business, while still 

working within the constraints of aggregated CBS data. 

3.2 Method 

3.2.1 Cumulative Opportunity Measure 

To assess how the proposed Lelylijn railway connection could influence job accessibility for residents 

of Fryslân, this study applies the cumulative opportunity measure. This indicator is widely used in 

transport planning and accessibility research to evaluate how many opportunities can be reached 

from a given location within a specified travel time (Singh & Sarkar, 2022). The method has been 

applied in several empirical contexts, such as assessing railway-based job accessibility in Sweden 

(Johansson et al., 2020) and evaluating regional accessibility patterns in China (Cui et al., 2026). 

The cumulative opportunity measure calculates the total number of opportunities (e.g. jobs) that can 

be reached from an origin within a predefined travel time threshold. In practice, this involves 

identifying all destinations that fall within a travel time cutoff and summing the number of 

opportunities available at those destinations (Singh & Sarkar, 2022). Formally, the cumulative 

opportunity measure is described as: 

𝐴𝑖 =∑𝑂𝑗 ∗ 𝑓(𝐶𝑖𝑗)
𝑗

 

Where: 

• Ai = access from origin i  

• Oj = number of opportunities available at destination j 

• Cij = travel cost between i and j (travel time) 

• f(Cij) = impedance function 
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The impedance function takes a value of 1 when travel time is below the specified threshold and 0 

otherwise (Palacios & El-geneidy, 2022). This means that opportunities located just inside the travel 

time boundary receive the same weight as those locate very close to the origin, while opportunities 

outside threshold receive no weight. This simplicity makes the measure straightforward to compute, 

easy to interpret, and directly observable (Palacios & El-geneidy, 2022). In this study, cumulative 

opportunity scores were calculated using travel time cutoffs of 15, 30, 45, 60, 75 and 90 minutes. 

Multiple cutoff values were applied instead of a single threshold to account for variation in how 

accessibility is perceived and defined across individuals and contexts. Using several travel time 

thresholds provides a more comprehensive and objective assessment of accessibility outcomes by 

avoiding reliance on one potentially arbitrary definition of what counts an “accessible” travel time. 

3.2.2 Network Construction 

To compute accessibility levels, public transport schedules will be obtained in General Transit Feed 

Specification (GFTS) format. This data includes information on routes, stops, timetables, and service 

frequencies (MobilityData, 2026). The GTFS data will be combined with the road network to create a 

multimodal transport network that integrates cycling and public transport connections (Preijde et al., 

2025). 

Travel times between residential locations and employment locations will then be calculated using 

this combined network. Travel times were estimated for Wednesday 22 April at 09:00 AM, 

representing a weekday morning commuting period. The travel time calculations incorporate cycling 

access to transit stops, waiting times, transfer times, and in-vehicle travel time. Rather than 

calculating multiple departure times, a single departure moment was selected to ensure 

computational feasibility while still reflecting typical commuting conditions (Palacios & El-geneidy, 

2022). 

3.2.3 Simulation of the Lelylijn 

To estimate the potential impact of the Lelylijn on accessibility, a simulation is conducted in which 

the current transport network is first used to calculate the baseline cumulative opportunity measure. 

Subsequently, the Lelylijn is added to the network to estimate the cumulative opportunity measure 

under a future scenario. The simulation is fully based on the report  “Onderzoek Lelylijn-

alternatieven” by Projectorganisatie Lelylijn (2024).  

A General Transit Feed Specification (GTFS) timetable is constructed for a train service operating at a 

frequency of four trains per hour per direction. This frequency is derived from the scenarios 

presented in the report, which also includes lower (2x per hour) and higher (8x per hour) service 

frequencies to explore the boundaries of system performance. The 4x-per-hour variant is therefore 

used as the central and most balanced scenario. 

The network design is based on the Bundeling A6/A7/A32 variant described in Projectorganisatie 

Lelylijn (2024), which defines both routing options and stop patterns. In the 4x-per-hour 

configuration, services operate on two branches: Groningen – Amsterdam Zuid and Leeuwarden – 

Amsterdam Zuid, each with four trains per hour per direction. Intercity services on the Groningen 

branch stop only at Almere, while intercity services on the Leeuwarden branch stop at Heerenveen, 

Lelystad, and Almere. Local (sprinter) services include additional intermediate stops, such as 
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Emmeloord and Drachten. Due to the southern alignment past Heerenveen, the scenario does not 

include direct rail connections between Heerenveen and Drachten. 

 

Figure 1.  Travel times of the 4x-per-hour variant between Leeuwarden/Groningen and Amsterdam.  
Source: Projectorganisatie Lelylijn (2024). 

Because of data limitations, no distinction could be made between intercity and local services in the 

simulation. Projectorganisatie Lelylijn (2024) only provides travel times for a selected set of stations 

rather than a fully specified network timetable. The GTFS data are therefore constructed directly 

from the reported travel times. Figure 1 illustrates the expected travel times for both the current and 

Lelylijn scenario. These are based on the existing rail infrastructure and speed limits, while assuming 

a maximum speed of 200 km/h for newly constructed sections. The travel time calculations are based 

on the operational characteristics of Intercity New Generation (ICNG) rolling stock, including 

acceleration to the assumed maximum speed, travel time at maximum speed, and deceleration when 

approaching stations. The calculations represent an ideal operational situation and therefore do not 

include additional timetable buffers or margins for delays. Based on these assumptions, the following 

station sequences are used in the simulation: the Leeuwarden branch includes Leeuwarden, 

Heerenveen, Emmeloord, Lelystad, and Amsterdam Zuid, while the Groningen branch includes 

Groningen, Drachten, Emmeloord, Lelystad, and Amsterdam Zuid. A dwell time of one minute is 

applied at all intermediate stations. 

Departure times were based on current train routes, as Dutch public transport timetables are 

designed to minimize transfer waiting times and optimize connections between services. In the 

Netherlands, timetable planning is traditionally structured around key network hubs to ensure 

coordinated transfers across the national rail system. Zwolle plays a central role in this process, as it 

is a major junction where multiple rail directions converge. Timetable planning is therefore typically 

built outward from such hubs, ensuring that arrival and departure times are aligned across 

interconnected routes (Universiteit van Nederland, 2025). 

Based on this structure, departure times from Leeuwarden and Groningen to Amsterdam Zuid were 

derived from existing intercity and sprinter schedules to Zwolle on 13 May 2026 between 08:00 and 

11:00. For the Amsterdam Zuid – Leeuwarden connection, existing travel times on the Heerenveen – 

Leeuwarden corridor were used. These services are coordinated with surrounding public transport 

and provide consistent transfer opportunities. For the Amsterdam Zuid – Groningen connection, 
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arrival patterns were based on the Zwolle – Groningen corridor due to limited direct existing train 

infrastructure.  

It should be noted that the simulation assumes independent service patterns for the Groningen and 

Leeuwarden branches, each operating at a frequency of four trains per hour per direction, consistent 

with the service levels described in the report. As both branches merge on the shared corridor 

between Emmeloord and Amsterdam Zuid, this results in a combined frequency of up to eight trains 

per hour on these overlapping segments within the simulation. In practice, however, the final 

timetable of a fully implemented Lelylijn would be expected to be further optimized, ensuring a 

uniform service frequency of four trains per hour along the shared corridor as well.  
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4 Results 

The results section first presents the overall patterns in job accessibility for both the current situation 

and the Lelylijn scenario, using the aggregated number of reachable jobs across all travel-time 

thresholds as the primary indicator. This aggregated measure provides a concise overview of spatial 

differences in accessibility across Fryslân and avoids repetitive descriptions of similar patterns across 

individual thresholds. To complement this overview, the final subsection examines accessibility 

changes by travel-time threshold, highlighting how the effects of the Lelylijn vary across different 

travel durations. Detailed results for each individual threshold are provided in the appendix.  

4.1 Current Job Accessibility in Fryslân 

The mean number of total reachable jobs across neighborhoods in Fryslân is 2,459,860.01, with a 

median of 2,385,674.5, indicating a relatively symmetric distribution at the provincial level.  The three 

neighborhoods with the lowest number of reachable jobs are Verspreide huizen Schiermonnikoog 

(4,212), Schiermonnikoog (4,212), and Verspreide huizen Vlieland (7,342). All three are located on 

the Waddeneilanden. When excluding the Waddeneilanden, the lowest values are found in 

Verspreide huizen Hindeloopen (305,547), Hindeloopen (306,909), and Stavoren (307,640). The 

highest number of reachable jobs is observed in Feanwâlden (5,030,218), followed by Zaailand in 

Leeuwarden (5,010,388) and Tulpenburg in Leeuwarden (5,010,381). Figure 2 shows the spatial 

distribution of total reachable jobs across neighborhoods in Fryslân.  

 

Figure 2. Total number of reachable jobs per neighborhood in Fryslân (current situation). 
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4.2 Job Accessibility under the Lelylijn Scenario 

Under the Lelylijn scenario, the mean number of reachable jobs across neighborhoods in Fryslân is 

2,883,202.25, while the median is 2,568,797.5. As the current situation, the lowest accessibility 

values are found on the Waddeneilanden, particularly in the neighborhoods Verspreide Huizen 

Schiermonnikoog (4,212), Schiermonnikoog (4,212), and Oost-Vlieland (7,342). Excluding the islands, 

the lowest accessibility levels are observed in Verspreide huizen Hindeloopen (305,071), 

Hindeloopen (306,433), and Stavoren (307,165). In contrast, the highest numbers of reachable jobs 

are found in Centrum in Drachten (11,361,600), Centrum in Heerenveen (10,816,326), and Noord in 

Heerenveen (10,814,235). Figure 3 shows the spatial distribution of total reachable jobs across 

neighborhoods in Fryslân when the Lelylijn is included. 

 

Figure 3. Total number of reachable jobs per neighborhood in Fryslân (Lelylijn Scenario). 
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4.3 Accessibility Gains Resulting from the Lelylijn 

To assess the extent to which the Lelylijn could influence job accessibility for residents of Fryslân, the 

percentage difference in the number of accessible jobs between the current scenario and the Lelylijn 

scenario was calculated for each neighborhood for the aggregated outcomes of all time threshold.  

The analysis shows an overall increase in job accessibility across Fryslân. The mean percentage 

change was 14.21%, indicating that, on average, residents would have access to approximately 14% 

more jobs under the Lelylijn scenario. The median increase was 5.56%, suggesting that while most 

neighborhoods experience a positive change, the distribution is influenced by several neighborhoods 

with particularly large increases. The largest decreases in job accessibility were observed in 

Buitengebied Deinum (-26.05%), Deinum (-26.05%), and Buitengebied Boksum (-26.05%). In contrast, 

the largest increases were found in Centrum in Drachten (200.56%), Noord in Heerenveen (122.04%), 

and Nijehaske (122.04%). Figure 4 shows the percentage change in job accessibility for each 

neighborhood under the Lelylijn scenario relative to the current situation.  

 

Figure 4. Percentage change in the number of reachable jobs per neighborhood in Fryslân between the current situation and 
the Lelylijn scenario. 

A comparison of the mean number of accessible jobs across travel-time thresholds further illustrates 

these differences. Within 15 minutes, the average number of accessible jobs decreases slightly from 

40,139 to 39,918 (-0.55%). However, positive differences are observed for all other travel-time 

thresholds. The increase is relatively modest for the 15-30 minute threshold (2.12%) and becomes 

progressively larger for longer travel times. At 30-45 minutes, the average number of accessible jobs 

increases by 9.57%, while at 45-60 minutes the increase reaches 12.25%. The largest relative gains 

are observed for the 60-75 minute and 75-90 minute thresholds, with increases of 21.22% and 

20.10%, respectively.  
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5 Discussion  

5.1 Interpretation of Results 

This study aimed to answer the following research question: To what extent could the Lelylijn 

influence job accessibility for residents of Fryslân? The results indicate that the implementation of 

the Lelylijn would generally increase job accessibility throughout Fryslân, although the magnitude of 

this effect varies considerably between neighborhoods. 

A notable pattern is the spatial concentration of accessibility gains around locations that would 

directly be connected to the proposed railway line. The largest increases in job accessibility were 

observed in neighborhoods located near planned Lelylijn stations, particularly in Heerenveen and 

Drachten. For example, Centrum in Drachten showed an increase of more than 200%, while Noord in 

Heerenveen and Nijehaske experienced increases of over 120%. This finding is consistent with 

expectations, as the neighborhoods located close to new railway stations benefit most from 

reductions in travel times and improved connections to employment centers both within and outside 

Fryslân.  

The analysis of the individual travel-time thresholds reveals another important trend. Accessibility 

gains become larger as travel time increases. While the number of jobs reachable within 15 minutes 

remains virtually unchanged, substantial increases are visible for longer travel times, particularly in 

the 60-75 and 75-90 minute categories. This suggests that the primary effect of the Lelylijn is not 

necessarily to increase access to nearby jobs, but rather to expand the range of employment 

opportunities that can be reached within longer commuting times. In other words, the railway 

appears to improve regional and interregional connectivity more strongly than local accessibility.  

Overall, the research question was successfully answered. The spatial simulation made it possible to 

quantify the expected effect of the Lelylijn on job accessibility and demonstrated that the project is 

associated with a positive change in accessibility for most neighborhoods in Fryslân. The results 

therefore support the expectation that the Lelylijn would improve access to employment 

opportunities. However, the analysis also revealed several neighborhoods, namely Buitengebied 

Deinum, Deinum, and Buitengebied Boksum, for which accessibility appears to decrease by 

approximately 26%. Since the Lelylijn is expected to reduce travel times rather than increase them, 

this outcome is difficult to explain from a theoretical perspective and may indicate a modelling issue, 

data processing error, or methodological limitation. 

5.2 Methodological Strengths and Limitations 

The cumulative opportunity measure is well suited to the research question, which aims to assess 

how the Lelylijn could influence job accessibility for residents of Fryslân. The method directly 

quantifies the number of employment opportunities that can be reached within a specified travel 

time, making it an appropriate indicator for evaluating how changes in transport infrastructure affect 

access to jobs. Because the research focuses on comparing the current transport network with a 

future scenario including the Lelylijn, the cumulative opportunity measure allows for a clear 

comparison of accessibility levels between these scenarios. 

An important strength of this approach is its transparency and interpretability. The results are 

expressed in a concrete and intuitive metric, number of reachable jobs, which makes them relatively 
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easy to communicate to policymakers, planners, and other stakeholders. In addition, the use of 

multiple travel-time thresholds (15, 30, 45, 60, 75, and 90 minutes) provides a broader perspective 

on accessibility patterns and avoids reliance on a single cutoff value. This allows accessibility to be 

evaluated across different commuting preferences and contexts.  

Another strength of this study is the use of multimodal transport modelling. The combination of 

cycling and public transport reflects common mobility behavior in the Netherlands, particularly in 

rural regions such as Fryslân where cycling plays an important role in accessing public transport 

stations. Furthermore, the use of weighted BAG-based residential points provided a computationally 

efficient way to approximate population distribution while still capturing where people are most 

likely to live within neighborhoods.  

Despite these strengths, the study also has several methodological limitations.  First, the study 

models accessibility using a bicycle – public transport – bicycle travel mode. Ideally, the analysis 

would have incorporated a cycle – public transport – walking structure, which may better reflect 

common travel behavior in the Netherlands, where travelers often cycle to a station and continue on 

foot after arriving. However, due to technical and methodological constraints, a choice had to be 

made between a fully cycling-based or fully walking-based. Cycling was ultimately chosen because it 

likely provides a more realistic representation of accessibility in rural areas, where walking distances 

to stations are often impractical. Nevertheless, this modelling choice may overestimate cycling usage 

at the destination side of journeys.  

Data availability also imposed several limitations. There is currently limited publicly available data 

regarding the operational characteristics of the Lelylijn. As stated before, the analysis depended 

heavily on assumptions and approximations derived from the report “Onderzoek Lelylijn-

alternatieven” by the Projectorganisatie Lelylijn (2024). The travel times used in this study are based 

on ideal operational conditions for Intercity New Generation (ICNG) rolling stock and do not include 

timetable buffers, delays, or future network optimizations. In reality, operational schedules would 

likely be further refined and coordinated with surrounding public transport services if the Lelylijn 

were implemented.  

In addition, the absence of micro-data limited the precision of both residential and employment 

locations. Residential origins were approximated using weighted BAG neighborhood points rather 

than individual household locations. Employment destinations were estimated by randomly 

distributing companies within neighborhoods based on the number of companies registered per 

area. While these methods reduce spatial precision, they allowed the analysis to remain 

computationally feasible while still representing broader spatial patterns of population and 

employment distribution. The estimation of employment opportunities also relied on average 

employment sizes per industry rather than exact employment counts for individual companies. 

Although this introduces some degree of uncertainty, it provides a more realistic representation of 

potential job availability than treating every company as a single employment opportunity. 

Finally, it should be noted that the accessibility estimates are based on a simulated future transport 

network. As the Lelylijn has not yet been constructed and no final implementation scenario has been 

selected, the analysis necessarily relies on assumptions derived from currently available planning 

documents and existing train schedules. The Projectorganisatie Lelylijn (2024) describes multiple 

potential development scenarios, each involving different infrastructure designs and service 

patterns. As a result, assumptions regarding service frequency, station locations, and travel times 
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may differ from those of any eventual implementation. This is an inherent characteristic of 

accessibility simulations and should be considered when interpreting the results. The findings 

therefore provide an indication of the potential effects of the Lelylijn under the simulated scenario 

rather than a precise prediction of future accessibility levels. 

5.3 Practical Implications  

The findings of this study are largely consistent with the expectations presented in the literature 

regarding the potential effects of the Lelylijn on accessibility and regional development. The research 

question was answered by demonstrating that the Lelylijn scenario is associated with an average 

increase of 14.21% in job accessibility across Fryslân. This supports earlier claims that the railway 

could improve access to employment opportunities by reducing travel times and strengthening 

connections between the Northern Netherlands and the Randstad (Meiboom et al., 2026; Zonneveld, 

2022).  

More broadly, the results support the argument that the Lelylijn should be viewed as more than a 

transport project. As discussed by Bieleman et al. (2026), Brouwer et al. (2024), and Dijk (2023), 

improved accessibility is often linked to wider ambitions concerning broad prosperity, economic 

vitality, and spatial equity. Although this study does not directly measure economic growth, labor 

market participation, or well-being, the substantia l increase in reachable jobs suggests that residents 

of Fryslân could gain access to a wider range of employment opportunities. This is particularly 

relevant given the lower levels of income and earning capacity identified by Anema et al. (2021). 

Improved access to jobs may help strengthen the position of Fryslân within the national labor market 

and partially address some of the structural challenges faced by the region. 

From a practical perspective, the findings provide relevant information for policymakers involved in 

decisions regarding the future of the Lelylijn. Given the substantial costs associated with the project, 

estimated at approximately €13.8 billion for the preferred variant (Projectorganisatie Lelylijn, 2024), 

evidence of accessibility improvements is important when evaluating potential benefits. The results 

suggest that the railway could significantly expand access to employment opportunities, particularly 

in areas located close to proposed stations. Furthermore, the strong accessibility gains observed in 

Heerenveen and Drachten indicate that these locations could play an important role as regional hubs 

within a future Lelylijn network. 

5.4 Future Research 

Future research could improve upon this study in several ways. First, future analyses could 

incorporate more detailed data on both residential and employment locations. This would allow 

accessibility to be calculated at a finer spatial resolution and reduce the uncertainty associated with 

aggregated neighborhood-level estimates. Second, future studies could evaluate multiple Lelylijn 

implementation scenarios, including alternative station locations, service frequencies, and travel 

time assumptions. Since the final design of the railway has not yet been determined, comparing 

different scenarios would provide a more comprehensive understanding of the range of possible 

accessibility outcomes. Finally, the unexpected decrease in accessibility observed in several 

neighborhoods should be investigated further to determine whether this outcome reflects a 

modelling issue, data processing error, or a genuine effect of the simulated transport network. 
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6 Conclusion 

This thesis examined the extent to which the proposed Lelylijn could influence job accessibility for 

residents of Fryslân. Using a GIS-based spatial simulation and the cumulative opportunity measure, 

accessibility levels under the current transport network were compared with a simulated future 

scenario in which the Lelylijn is implemented. 

The results indicate that the Lelylijn would generally increase job accessibility throughout Fryslân. On 

average, the number of reachable jobs increased by 14.21%, although the magnitude of these effects 

varied between neighborhoods. The largest accessibility gains were concentrated around planned 

station locations, particularly in Drachten and Heerenveen, where some neighborhoods experienced 

increases of more than 120%. The analysis also showed that accessibility improvements become 

more pronounced at longer travel-time thresholds, suggesting that the primary contribution of the 

Lelylijn lies in strengthening regional and interregional. 

These findings contribute to the ongoing debate surrounding the potential benefits of the Lelylijn. 

While previous discussions have largely focused on expected economic, social, and spatial impacts, 

this study provides a quantitative assessment of one of the project’s central objectives: improving 

access to employment opportunities. The results support claims in the literature that the Lelylijn 

could strengthen connections between Fryslân and the Randstad by reducing travel times and 

expanding the range of job accessible to residents.  

At the same time, the findings should be interpreted with caution. The analysis is based on a 

simulated transport network and relies on assumptions regarding future travel times, service 

frequencies, and station locations. Furthermore, limitations in data availability required the use of 

estimated residential and employment locations. Consequently, the results should be viewed as an 

indication of the potential effects of the Lelylijn under the simulated scenario rather than as precise 

predictions of future accessibility outcomes.  

Overall, this study demonstrates that the Lelylijn has the potential to substantially improve job 

accessibility for residents of Fryslân. Given the project’s considerable financial costs and the ongoing 

uncertainty surrounding its implementation, these findings provide valuable evidence for 

policymakers and planners evaluating the potential benefits of the railway. More broadly, this 

research illustrates how spatial accessibility modeling can contribute to evidence-based decision-

making regarding largescale transport infrastructure investments.  
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