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Sustainable mobility has been considered key in the pursuit of sustainable development in urban environments. During the last decades, a lot of innovative initiatives have been proposed and examined, most of them were site-specific and highly relevant to the local context. This case study review focuses on Nicosia, a car oriented, medium sized city, and attempts to define an intermodal walkability index for the city center. In a city like Nicosia where more than 90% of the daily trips are done completely by car, encouraging intermodal mobility with walking as part of the trip is an important first step to sustainable mobility. The aim of the paper is to present a model based upon the most impactful sustainability indicators when referring to pedestrian mobility, and therefore will create an intermodal walkability index for grading the walkability of an urban environment, in our case a particular, car-oriented one. The index was developed by using the latest version of pyQGIS, due to the fact that the algorithms that are being used in the calculation of this index are already part of the geospatial analysis toolbox contained within QGIS. The paper uses as a case study the municipality of Nicosia in Cyprus where it was proven that pedestrian transportation can be graded in terms of walkability from the private car drop point. The study has also discovered that the use of primary electricity generation and fossil fuels for transport can be reduced if problematic areas that have a low or negative sustainability score are managed in ways that will increase the score.
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INTRODUCTION AND LITERATURE REVIEW
Intermodal walkability is the combination of pedestrian movement with any other mean of transport in order to complete a full journey (Chidambara, 2019). This case study review focuses on Nicosia and attempts to define an intermodal walkability index for the city center. The center of the conurbation is approachable in more than 90% of the movements by private cars seeking a parking place near their destination. Intramodality means the use of different transportation means in one journey, in our case is car with walking. Our case study is innovative because it proposes a walkability index for a medium-sized car-oriented city like Nicosia. Our lab results derive through the proper selection of indicators and their assessment through QGIS, an Open Source Geographic Information System (GIS) that allows browsing and map creation in the way conventional GIS software does.
The aim of the literature review is to highlight different walkability index methodologies in order to provide a common ground for the current case study application. Walkability is one of the universal challenges, very crucial to making cities resilient, as briefly mentioned in the UN Sustainable Development Goal 11 (SDG11) in the 2030 Agenda. A number of cities try to develop plans based on walkability to overcome issues such as traffic congestion, air pollution, low level of physical activities among people, and high level of carbon emissions (Epicoco and Falagario, 2022). Friendly walking neighborhoods provide a high-level pedestrian environment (Ruiz-Padillo et al., 2018) shaped by different agents. Compact city and the city of 15 min is a very popular model for achieving walkability and sustainable mobility for the future cities. Already since Lin and Yang 2006 quote the high sustainability potential of compact city in a preliminary assessment which is again confirmed by Bibri et al. (2020) with detailed interviews and secondary data. Additionally, Yao et al. (2022) emphasizes on the efficiency and the economic growth stability achieved through these models.
Designing a walkable network that approaches every part of each conurbation creates a multi-modal, functional city with mobility choices making urban space inclusive. However, in a lot of cases design has proven inadequate if not accompanied by monitoring, and evaluation but also information tools channelizing the citizen’s mobility behaviors. Walkability indexes are a tool for providing a meaningful assessment of the fabric in total that could be utilized by authorities, urban and transportation planners but also citizens in order to improve the walkable capacity of specific parts of a city or the city as a sum.
Walkability index methodologies are based on grading either peoples’ perceptions, or measurable spatial attributes. It is also usual to plan the process in steps like 1) problem description; 2) evaluation walkability; 3) understanding of the available assessment methods; 4) proposing a new framework adjusted to the specific local attributes (Abastante, et al., 2021). There are different approaches to data collection including in-field inspections of pedestrian paths and crossings or retrieving spatial data like density, land use mix, and street connectivity in order to grade the network facility. Other approaches are more related to health and passive exercise than physical space attributes, there are studies that use at the beginning a conventional prospective study design and a novel space-syntax measurement but the aim is to identify relationships between neighborhood walkability with specific routes in the city (Giles-Cortie et al., 2014; Koohsari et al., 2018; Garau et al., 2020; Caseli et al., 2021; Frank et al., 2021). Densities and the relevant lifestyle routines are also determinants of mobility behaviors and especially where there is an urban/rural transition (Molina-García et al., 2020).
Various comments on the applicability of a walkability index suggest that it is more easily applied when it is comprehensive, simple, and flexible (Fan et al., 2018). Under this aspect, there are more simplified approaches where the indicators are standardized and transformed to a value between 0 and 1 before the assessment process. (Motieyan et al., 2022). Ruiz-Padillo et al. (2018) use a similar approach to quantifying urban environment characteristics. In these cases, as well as in Manzolli et al. (2021) there is a significant focus on multicriteria evaluation approaches. In all these cases the need of including more variables has damaged simplicity and comprehensiveness. There are even more detailed approaches as Chidambara (2019), which suggest a detailed approach of more than 30 indicators relevant to geometries, traffic, accessibility, crossings, safety, liveliness, etc. Such approaches could enable measuring the comparability between different areas or the impact of specific projects but are certainly hard to apply in large-scale and preliminary assessments.
In order to overcome this gap, some approaches provide sophisticated tools like grid cells, connected to a relevant database (Hino et al., 2022), connecting land uses to focal points or the geometries of walking space (Caseli et al., 2021), or grouping parameters according to the nature of the information (Abastante, et al., 2021). There are also other approaches that base their evaluations on extended questionnaires and individual judgments by different social groups, for example, tourists (Stockton et al., 2016; Bassiri et al., 2021). The issue of last mile performance evaluation has found in two papers (Chen et al., 2021; Garces et al., 2021) lie in the logic of the current case study review since in both the cases there is an attempt to provide planning interventions with measurable assessment in order to improve transit connectivity and eliminate mobility inequality across neighborhoods.
In our opinion, the approaches that retain simplicity and comprehensiveness suggest a blend of four environmental attributes example residential dwelling density, intersection density/street connectivity, land use mix, and retail floor area ratio, or focus exclusively on densities (Mayne et al., 2013; Giles-Cortie et al., 2014; Fan et al., 2018; Rundle et al., 2019; Frank et al., 2021; Motieyan et al., 2022). Indexes should have a common background in order to be comparable and valid, but at the same time, there is a flexibility in integrating particular local features. Proximity, distance from service points and areas as well as comfort and easiness of pedestrian movement are some universal and more used parameters through the literature review.
METHOD: BUILDING A WALKABILITY INDEX FOR NICOSIA
Our approach examines the total area of the Municipality of Nicosia, which is composed of a number of distinct neighborhoods. For this case, we follow the simplified approaches from the literature, suitable for large-scale preliminary studies. Nicosia, the capital city, is the largest of the five conurbations of the southern part of the island controlled by the Republic of Cyprus. The total population is estimated more than 250,000 inhabitants (approximately 28% of the total population under the control of the Republic, according to CyStat) extremely dispersed covering a total area of around 200 km2. Nicosia is since 1974 a divided city with its northern part of approximately 90,000 inhabitants being out of the direct control of the Republic. Urban sprawl and low densities are the main reason that consolidates a car-oriented community where more than 90% of the daily movements is carried by private vehicles (Republic of Cyprus, 2020). The Municipality of Nicosia, which serves as the city center, has currently the 1/5 of the city’s population and due to the division lies at the north edge of the city past controlled by the formal state. As the city center has a more complete network of activities and functions as the main destination for the whole conurbation.
The basic hypothesis of the current walkability index that differentiates this approach from similar literature cases is that we assume that the origin of the pedestrian movement is the drop-off parking place. In the particular conditions of Nicosia, a car-oriented city, part of traffic and congestion are usually caused by each driver’s attempt to park as close to his destination as he or she can, minimizing his or her walking distance. Under these circumstances, increasing intermodal walkability is of high importance.
In order to create an intermodal walkability index for Nicosia, we created a sequence of steps, similar to most of the cases examined in the literature review (see Figure 1, Flow Chart). At first, a GIS database containing points of interest has been built. Secondly, physical attributes were extracted from the satellite images and added to the GIS database, including buildings, vegetation, and road network. Then specific case study areas have been selected in order to provide a functional network layer in order to maximize the scope of each movement. In the next step, spatial data for neighboring land uses were retrieved from open sources and added to the database. At the same time parking, lots and parking points are also added. The index derives from an algorithm calculating positive and negative grading and, in this way, measuring the intensity of the overlapping 3 min areas and also benefited by their physical attributes (Figure 2). Finally, the index indicates the attractiveness of specific locations as more accessible than others in terms of intermodal walkability. The GIS database has been built on a vector basis as a network data structure (link-node graph) in order to enable the analysis of the existing pedestrian network system. All the selected pedestrian paths available in the public space, sidewalks, and pedestrian crossings have been mapped in the database, associating each link with a series of qualitative and quantitative attributes. In order to derive the correct aspects of shading and for what area, there was the digitization of the existing buildings in the satellite imagery that was within these two tolerance zones. The buildings that have been digitized can be considered sustainable in terms of their close proximity to the points of interest and the parking points.
[image: Figure 1]FIGURE 1 | Case study flow chart.
[image: Figure 2]FIGURE 2 | Sampling area.
RESULTS
Figure 2 indicates the boundary of the sample area at the Municipality of Nicosia. Archived satellite imagery was analyzed and the highest quality satellite imagery of the Nicosia municipality was gathered and it was used for geospatial analysis. In terms of physical attributes from satellite images three variables were considered:
• shading (binary)—shaded areas +1, unshaded −1 (extracted from satellite imagery and also from existing buildings shade direction)
• mobility (binary)—areas within tolerance distance get +1, outside the zone is −1
• vegetation cover (binary)—segments with vegetation cover receive +1, no vegetation −1.
The processing of these data has resulted, firstly, in a series of thematic maps that identify the main critical issues related to the degree of the walkability of each link and crossing, secondly, in the calculation of a walkability index, detecting whether the pedestrian network is able to meet the needs of all users, even the most vulnerable ones, such as those with limited mobility.
The boundary of the specific study area was selected in order to have a functional network layer and the boundary to which the scope of the sustainability index will function. Along with these two layers, there must also be points of interest that pedestrians are willing to visit and would constitute a rational and declared target for the pedestrian destination. Data about leisure, amenity, office, shop, tourism, and sports destinations were collected from open sources and added to the GIS database. In addition to this, stopping points for parking points will act as an origin for the pedestrians to begin a theoretical journey. Gathering these aspects will allow for the walkability index to extract the sampling areas that will be most beneficial for public investment and public funds through maintenance, and also which have the highest levels of connectivity regarding modal transportation.
In the beginning, we gathered networks in the entire municipality. On the initial analysis of this network, there were aspects that were inaccurate for our purposes and had to be simplified, such example a cemetery sampling area, which has two parking lots adjacent to it and the footpaths within the cemetery have been identified by the algorithm as shaded paths due to a large amount of vegetation. Also, through this refinement network lines that were found to be incomplete were adjusted in order to reflect reality. There are points in the network that radiate out from the boundaries of the municipality and therefore these were considered also as origin points for motor vehicles for our purposes.
These data points were coupled with various interest points located in the municipality, as well as the various parking lots that visitors use for disembarking into the city. These three points created the foundation for our analysis, by using the serviceable area of both the parking lots and the interest points. The total serviceable areas around each interest and parking point, create a tolerance zone to which pedestrians are able to reach within 5 min at an average speed of 3 km/h (Bohannon and Andrews, 2011). This led to the perception that traffic that travels into the municipality uses these parking spaces to disembark from their vehicles in order to walk to various interest points that exist within the municipality. This also creates an overlapping area that we can consider more sustainable.
This is a view of the before mentioned overlapping areas in the algorithm, delineated by the red circular shape file, and as we can see there is an interesting point directly adjacent to two parking points and the areas that are in purple are the network areas that are within the serviceable distance of the parking lot and the lighter blue areas are the serviceable distance within a cemetery, in this case, our interest point.
These before-mentioned details have led to the conclusion that there is a sampling area of increased capacity to enable sustainable mobility in the municipality of Nicosia. This capacity is evident by the confluence of the networks that join interest points with facilities for private and public motor vehicle parking. The areas in the purple are the intersect of these two areas showing the exact size of the network with the adjacent buildings and vegetation cover can be seen in green. After the sampling area has been gathered using the methodology mentioned above, aspects of shading of the buildings were given an average value in order to reflect a 2 1/2 floor building, which is from our site observation the average height. Buildings that were quite tall were adjusted to reflect the taller building aspects and the shading that was cast upon the ground. Due to the fact that air quality is generally constant, and temperature although fluctuating is constant at any given time, and also given that the climate of Cyprus is generally hot rather than cold, areas of the network that were in full sunlight were given a negative score and areas of the network that were in the complete shade were given a positive score (Figures 2, 3).
[image: Figure 3]FIGURE 3 | Intermodal walkability index variables.
The aspect of an obstacle coverage of the network was conceived and therefore set to random intervals in the network, resulting in a total of 10% of the network being obstructed. This 10% of obstruction includes cars that are parked on the pavement, for payment quality, inadequate paving, and lack of paving. The lines in red are very cautionary -2 on the score. This means that they are exposed and offered little to no walkability and therefore do not offer a sustainable method of pedestrian mobility, while the areas in blue and green have a higher score and in fact, a positive score means that it is a pleasant and short distance experience for pedestrians as well as being near the points of interest that the pedestrians desire to walk to. And therefore Figure 4 summarizes the intermodal walkability index of the Nicosia municipality.
[image: Figure 4]FIGURE 4 | Intermodal walkability index final output.
DISCUSSION
The use of this methodology for the quantification and establishment of a walkability index allows for an accurate evaluation of sustainable mobility within private vehicle-oriented cities, with lower public transportation access and usage. Our contribution adds to the last mile approach for intermodal mobility (Chen et al., 2021; Garces et al., 2021). This methodology will benefit from live weather and air quality data for more accurate, time-series data on walkability scores. Applications in other climate types, such as those with heavy rain or snow, would perceptibly have the same negative score as high-temperature climates. Although areas have been tagged as needing simplification or exclusion, we can see that areas that have a positive shade index, adequate vegetation cover, and the relative parking and interest points are in close proximity have positive walkability scores and are therefore more attractive for pedestrians using these forms of modal mobility.
Evaluating walkability from the private car drop point could provide a long-term benefit to the locational strategies of private investors as well as public planning processes, especially for cities with low densities and structural barriers to promoting conventional sustainable mobility strategies. In this context, the use of primary electricity generation and fossil fuels for transport can be reduced if problematic areas that have a low or negative walkability score are supported towards the increase of their score.
The main insight from the case study is that local problems need tailored approaches to be solved. Literature has revealed a huge number of parameters that shape walkability but this effort avoided just copying best practices in order to design a custom-made tool for Nicosia where servicing, as well as shaded and comfortable walking is significantly important. An important benefit of this approach is that it could be applied and function without any large-scale interventions in transportation and mobility planning. The tool can improve the walkability of the existing network and of course become more efficient if sustainable mobility measures are implemented. A minor barrier has to with the accuracy of the available data on the 3d model of the city which can be certainly improved in the following years. Another barrier has to do with monitoring and updating the database, especially concerning the fields relevant to green.
Future design and planning could benefit from our tool that could be more sophisticated, and updated frequently with temperature and air quality data, which would affect the score of the network walkability. Also, this index could integrate microscale data from crowdsourcing, for example, the detection of various different obstacles that can be found whilst navigating these areas as a pedestrian, which is also very well known to the pedestrians themselves. And finally, it could also include perceptions of the comfort, the aesthetics, and the social attributes of the users. In any case and as it was evident from the literature review, the density of destinations and the geometry of the network are the decisive elements, already integrated into the index. Under these options, sustainable mobility plans and urban renewal projects could base on a more accurate and detailed base of the city’s performance and thus increase the efficiency of their interventions.
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