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Abstract

:

The goal of this study was to find out how suitable the existing design of urban forms is for adopting transit-oriented development (TOD) basic ideas. Within a major metropolis and a medium-sized city, three varieties of Iranian urban fabric (historic, transitional, and modern) around transit stations were selected using the case study research technique. Then, for two sizes of station areas (macro) and street scales (micro), several TOD design dimensions were evaluated. The results of the comparative research indicated that Iranian cities offer greater chances for TOD design in inner urban areas (including historical and transitional urban forms), whereas microscale characteristics are less reliant on the kind of urban form.
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1. Introduction


The sustainability paradigm and integrated transportation land-use planning are inextricably linked, and TOD is one of the urban development models that is directly related to sustainability [1], with its primary goal (paying attention to the needs of current and future generations concurrently) addressed by environmental protection, social development, and economic prosperity [2]. TODs address this by offering a well-established network and conveniently accessible region made possible by efficient public transportation services [3].



TOD practice would ideally give varied users a network of interconnected high-quality locations to live, work, and perform the majority of their daily activities, eliminating their need for automobiles. In practice, TOD’s macroscale, plans and policies might be coordinated with the project’s urban design feature [4]. TOD design tools make basic TOD principles (such as land use and transportation integration, proximity, and liveability) a reality.



Calthorpe focused largely on a number of urban design guiding tenets for public spaces and municipal structures, street design, walking and cycling transportation, and the public transportation (PT) system [5]. Ewing proposed 23 pedestrian- and transit-friendly design elements, such as medium-to-high densities, diverse land uses, safe crossings, accessible recreational and public areas, and a grid-like roadway network [6]. The TCRP (Transportation Cooperative Research Program) study also contained information on the mutual advantages of a place-making attitude to promoting liveable urban areas and transit with offered design-oriented techniques [7]. This report’s number 52 specifically addressed the design concerns for TOD schemes, recommending a trinity of density, land-use mixture, and the quality of public settings as transit-oriented design elements at the level of station [8].



Furthermore, Dunphy et al. praised 10 concepts for PT growth in American cities that are encouraging for TOD design, such as shared vision, interactor partnership, and an integrated mix of activities [9]. The ULI (Urban Land Institute) guideline recommendation clarified pedestrian- and transit-oriented design qualities by grouping them into eight streetscape qualities that influence walking behaviour in relation to PT [10]. More specifically, Jacobson and Forsyth systematically provided a set of appraising tenets for the TOD design on an American basis which inspired further TOD design studies worldwide [11,12].



Overall, research on dimensions for evaluating the link between physical characteristics and walkability may be divided into two major scales of neighbourhood, macroscale, or built space and street, microscale, or public open space [13,14,15,16]. At the macroscale, the “5Ds” model was used to define the measurements discussed above. The model incorporates three aspects of “density”, “diversity”, and “design” known as “3Ds”, developed by Cervero and Kockelman [17], as well as “destination accessibility” and “distance to transportation”, proposed by Ewing and Cervero [18,19]. “Destination accessibility” was combined with “diversity” owing to overlap between them [19], and “distance to transit” was substituted with “access to transit” since transit accessibility was also included in this study.



In all, 23 previous studies, including observational community audits, were re-evaluated in terms of microscale metrics. This resulted in nine design metrics, including functional and visual–aesthetic dimensions at microscale.



Figure 1 presents a TOD design assessment framework, including macrolevel dimensions (i.e., density, diversity, design, and access to transit), as well as microlevel ones (infrastructure and access, land uses and activities, and streetscape), coupled with related TOD design measures/qualities.



Population density (pp/ha) in the framework above refers to the number of dwellers per catchment area (gross) and residential area (net) [20] and housing density (du/ha) by replacing “dwelling units” for “dwellers” in the previous definition [21]. “Compactness” (ha) is computed through the total area of developable sites which are constructed within the catchment area [22]. The first diversity measures are as follows: “entropy”, computed using the equation of LUE = −1(Σpi × ln(pi)ni = 1)/ln(𝑛) (where 𝑖 denotes the land-use categories (1, 2, …, n), n is the total number of land-use categories existing in the research area, and pi is the proportion of area covered by land use i) [17], “mixedness”, computed using the equation of MI = ΣLNi/Σ(LN + LR)i (where LN is the total area of buffer i under non-residential land-use activities, and 𝐿𝑅 is the sum of areas that are residential within i) [23], and “car parking area” (ha), the total land allocated to off-street parking [22]. The last metric is the number of local destinations (or service accessibility) per square kilometre catchment area (1000 m station buffer) [24].



The design dimension includes three geometric measures: “street network density” (kilometre length of streets per square kilometre area of station buffer) [25], “connected node ratio” (percentage of three or more ways junctions per total number of intersections per buffer area) [21], and “permeable network ratio” (frequency of three- and four-way intersections per kilometre of street network) [20]. According to the last factor of this scale, “transit accessibility” is considered as the number of subway stations and bus stops per (built-up) buffer area [15]. The “pedestrian catchment area (Ped-Shed)” is defined as the ratio of the network distance from a subway/bus station to the Euclidean distance from the same station [26], whereas the IPCA excludes high-speed lines [26].



In terms of microscale dimensions, “street for walking and cycling” investigates the extent to which required conditions and facilities are provided, and street environments are well maintained and clean, “transit node design” investigates its integration with transit station as a community centre [4], and “vehicular circulation design” considers the extent to which car traffic is controlled to protect the social function of space. Street activities promoting pedestrian movements (positive uses at both the street and the building scales) are measured to assess “consistent mixing” [25]. The “street for mixed activities” metric assesses how much street space is available for various activities and behaviours, and how well the street environment can accommodate them.



The final dimension, “streetscape”, assesses the extent to which the attendance and design quality of public open space and landscaping cause to capturing curiosity, evoking feelings, and leaving a lasting impression in streets (“imageability”); the presence and quality of building height and street elements can pair street surroundings with the extent and ratio of human features (“human scale”), and the presence and quality of active uses and street wall features ensure an opulent experience [27].



Although previous studies already attempted to make use of urban design elements on walking within the station areas in part [11,12,15,28,29,30,31,32], there was little consideration paid to the characteristics of transformed urban forms, as well as the contribution of various design qualities, with regard to the TOD principles, while cities are confronted with a variety of urban fabrics, and TOD-specific design guides are not on the agenda. Additionally, one single scale (often neighbourhood and occasionally streetscape) was previously addressed—mostly based on the context of the developed world—while the study of the TOD walkability merits multiscale attention. In addition, the research approach was maintained to be objective as much as possible to reduce the participation of personal judgment.



The transformations of urban design practices from the traditional period to modern times in Iran has been associated with the emergence of cars and their requirements, which have dictated the existing structure of urban settings [33,34]. Despite the fact that a wide range of urban forms and design characteristics can be found across Iranian cities of the past (seventh century AD to the present), their traditional urban form is defined by a set of similar design strategies adopted to meet the local needs [34,35,36,37]. For instance, there have been some regional, climate-responsive strategies paying attention to sociocultural factors such as specific “neighbourhood” (Mahalleh in Persian) structures and functions, mixture, compactness, network hierarchy and coherence, and most importantly, building upon the basis of pedestrian needs and social activities [34,38]. However, many characteristics linked with traditional urban forms cannot be replicated in modern urban communities. Following World War II, the increase in car-based movements and the related adaptions under Modernism damaged and separated significant traditional features in Iranian cities [34].



Overall, the transformation resulted in four types of existing urban fabrics, including the historic form and three others attributed to the contemporary urbanism: modified historic or transitional, contemporary grid or new fabrics [39,40], and modern informal [39]. The first kind of fabric (i.e., historic tissue) corresponds with huge physical, social, and economic decline, such that the majority of the damaged urban areas are inside such neighbourhoods, which are often located in downtown regions [41]. Second, modified historic urban fabric, also known as “transitional” fabric, generally surrounds historic communities and is distinguished by a semi-organic network, uneven fine-grained characteristic, and lack of recognisable urban planning or design patterns. As cities grew in population in the second half of the 20th century and beyond, they were gradually updated to handle vehicle movements, street networks were enlarged, and quarters were constructed.



A grid street network, which can be found in practically all new projects created in recent decades across the country, helps to identify contemporary metropolitan regions.



The primary purpose of this article is to define design preconditions for TOD on the basis of the pattern of urban forms in order to respond to the fundamental issue of how amenable the present design of Iranian urban forms is to embracing TOD core principles.



Accordingly, additional sub-questions were addressed in this study:




	
Which design dimensions/qualities in Iranian cities are most likely to stymie or encourage TOD?



	
Which types of existing Iranian urban fabrics best enable TOD design morphologically?



	
What are the differences in designing TODs between neighbourhood (macrolevel) and streetscape (microlevel) characteristics?








To address these questions, the present study was based on a case study [42] in which the TOD-ness of three kinds of Iranian urban fabric were comparatively examined. On this basis, this paper enjoys a mixed approach that includes both qualitative and quantitative indicators tested in previous empirical studies [4,15,17,19,20,22,24,25,26,28,43,44,45,46,47].




2. Data and Methods


2.1. Case Study Research Method


The case study research method was used in this study. This technique provides an in-depth description, analysis, and extensive research of a particular subject and phenomenon [48,49]. In reality, the case study technique investigates a phenomenon in a specific setting utilising a range of sources and perspectives to uncover numerous elements of the phenomenon [50]. This research approach is commonly used in the fields of planning and urban studies, where real-life subjects are analysed and documented in order to formulate and test a hypothesis [51], such as Healy who investigated three urban regions in Europe in terms of making spatial strategies [52]. In terms of survey design and experimental methodologies, the method also reveals the causal relationships in real-life complex interferences [53]. As a benefit, case study research allows researchers to have a more intimate perspective, allowing them to delve further into the subject knowledge [54].



Although most case studies focus on qualitative data linked to the subject, quantitative data are occasionally employed to gain a better understanding of the case and its context [55]. Case studies can be undertaken in the form of comparative research in order to analyse specific examples of planning activity [56], as in the current study, which compares three types of Iranian urban form within two cities in terms of TOD-ness.




2.2. Study Area


Tehran and Qazvin were targeted in order to select sampled station catchment areas (called “sites” here) to perform macro- and microscale analyses. The decision was to choose Tehran as a large-sized metropolis (among cities with over one million inhabitants) and Qazvin as a bus-based, medium-sized city (among cities with 300 to 600 thousand inhabitants) as representatives of Iranian major cities (Table 1) with the TOD system in a 10-year plan [57]. Both cities have made recent attempts to create TOD-focused urban development programmes such as pedestrianised walkways and bicycle networks; furthermore, they were selected as pilot cities by the Iranian Ministry of Road and Urban Development (MRUD) to primarily apply TOD policies [58]. More importantly, they were more accessible in terms of data and literature than the other cities.



Both cities are placed in the upper middle of Iran, at the intersection of the east–west railroad (including the symbolic Silk Road) and north–south corridors (Figure 2), on the southern slopes of the Alburz mountains, with a moderate climate traditionally providing a excellent central position to live, work, and access and govern the remaining territory.



Tehran is noted for a varied range of economic activity and services (including health and education), the largest market, and the seat of political and administrative authority. This resulted in Tehran Municipality absorbing 31% of total national immigrants (2006) [62], making it the most significant destination for Iranian immigrants. As a result of several decades of industrialisation, employment in the service, administrative, and industrial sectors (employing 99% of the working population) has become the general class in Tehran, leaving little room for agriculture, which employs only 1% of the working population [63]. In Qazvin, the service and industrial sectors account for 52% and 45% of total jobs, respectively. As a result, both cities have much lower unemployment rates in comparison with the remaining provinces and other Iranian settings.



Both cities have seen a significant increase in size under contemporary urban planning, and this, along with the city’s outward extension in the form of peripheral residential areas and housing estates, as well as satellite towns, has resulted in a fractured urban fabric in recent decades. They have grown in size due to natural factors such as historic orchards in Qazvin, the northern Alburz Mountain, and the southern desert near Tehran. Meanwhile, a large set of informal settlements have grown as a result of the increasing demand for land [64].



The macrolevel analysis refers to the scale of station area in the present study. To select samples of each station area type, the typology of urban fabric was adopted regarding the transformation of urban form and its design features (i.e., historic, transitional, and contemporary). Therefore, three subway precincts in Tehran (Sites 1, 2, and 3), as well as three bus station locations in Qazvin (Sites 4, 5, and 6), were selected for additional data collection (Figure 3), whilst the informal fabrics were removed due to the lack of basic PT services. The data for these areas were captured from the Tehran master plan [65] and Qazvin master plan [66]. The borders of the stations were drawn around them using preset, straight-line walking distances. According to ITDP [22], catchment zones for both bus stops and subway stations were chosen on the basis of a radius of 1000 m (314.15 ha). In addition, several investigations were conducted on the basis of a radius of 500 m (78.53 ha) such as Ped-Shed—an area enclosed by the walking distance from transit stations—for bus station areas and street-level analyses.



For the purpose of this study, two types of streets were chosen, as the single type of public open space, to conduct the microlevel studies, because they are the most common type of public open space and tend to be the dominant forms among others in Iranian cities (i.e., nonlinear urban forms of squares and plazas). Within a 500 m buffer of the stations, 13 major streets plus five residential, local ones were chosen, totalling 110 key block faces (Figure 4).




2.3. Data Collection and Analysis


Overall, two kinds of methods were utilised in this study:




	
Macroscale mapping and GIS analysis. National census tracts, local statistics yearbooks, city planning papers, formal governing maps and GIS data in use, technical plans and reports, and academic research schemes were used as data sources in this study. Among the macroscale measures, population and housing densities were estimated by census tract data (2011) published by the Statistics Centre of Iran [67]. Spatial data were obtained from databases of the Tehran and Qazvin master plans released by Tehran municipality and the local department of MRUD in Qazvin. In addition, the date for land areas allocated to Off-street parking (i.e., car parking area) and the number of PT stations (i.e., Transit accessibility) were obtained from the most recent edition of the statistical yearbook for the Tehran and Qazvin municipalities and updated with open-source data (Open Street Map). Similarly, Open Street Map was used to obtain local destinations. In this study, Arc GIS 10.8 was used to retrieve and analyse the acquired spatial information.



	
Direct microscale observation. The required data were gathered by personally observing the selected streets. There were two data collecting rounds (June 2019 and August–September 2020) with three trained observers. To and from the stations, the observers walked the whole length of each street within a 500 m buffer (i.e., walk-by observation). In addition to the fixed-route observation, unstructured observation was undertaken to gather information on specific subjects or places. The streets were monitored on weekdays during morning and evening peak hours (7 a.m.–9 a.m. and 6 p.m.–8 p.m.) for a total of 4 days, with the goal of recording utmost human activity and vehicular traffic behaviour within the street’s built environment. The overall weather quality was appropriate with no wind, rain, or snow. The observations ranged in length from 20 to 60 min for each street, depending on site conditions. Snapping field notes and taking photographs (handheld and fixed-point picturing) were principal means to capture data. Google Street View 360° pictures were also used limitedly in Tehran where accessible.










3. Results and Discussion


3.1. Station Area-Level Design


This section indicates the recorded results for macroscale TOD design measures on the basis of the transformation of the urban form and the resulting urban fabrics.



3.1.1. Density


According to Table 2, in comparison, the mean rates of both gross population and housing density were higher in the historic fabrics (163.93 pp/ha and 48.59 du/ha, respectively) due to the crowd of small, low-rise, and compact dwellings and workplaces, while “net” densities increased from historic to contemporary fabrics (from 378.28 pp/ha and 112.15 du/ha to 806.42 pp/ha and 251.60 du/ha, respectively), because of the high intensity of residential use (not compacted) in contemporary areas. In general, the findings confirmed that compacted low- and medium-rise buildings caused high urban population densities in Iran.




3.1.2. Diversity


The land-use dispersion pattern displayed that residential land use predominated in most sites (Table 3), with its mean share decreasing from historic (43%) to contemporary fabrics (19%). In terms of historical landmarks, the land-use model revealed that residential areas were enclosed by a ribbon of commercial uses, the majority of which were located on the edges of main roadways. Although mixed-use and active frontage in the historic place is typically regarded favourably (described below), it deprives inner blocks of access to destinations and drives automobile use to the boundary margins, failing to generate a feeling of place [68].



The traditional usefully defined system of land-use pattern “in separate quarters” gave way to a pattern in which mixed land use in centres and single-residential use in peripheries predominated. There were two major changes in the spatial distribution of uses from transitional to contemporary fabric: (1) appearance of planned, linear, and rectangular green spaces, and (2) distribution of commercials, offices, and other services with larger scales and modern uses (e.g., universities, hospitals, and malls).



According to Table 3, the mean entropy value was higher than half (0.75). Interestingly, the mean value of mixedness in the study areas was just 0.5, displaying a balanced residential/non-residential land-use pattern. From a diversity perspective, these rates are promising for planning Iranian TODs since they suggest a higher degree of mixing and, thus, a higher level of TOD-ness in the studied areas. Of the six study areas, the contemporary (planned) areas had a superior degree of mixed land-use regarding just dedicated lands (0.8), not the volume and distribution of services and facilities, while their general imbalanced mixedness ratio (0.67), between residential and non-residential uses, might guide such zones towards mono-functionality and raise daily work and non-work trips to the central urban areas; these are places where parking is desirable and its spatial requirements are becoming more important. In this sense, the results showed a agglomeration of off-street parking lots in the historic catchment areas (27,896.5 m2), mainly on the edge of main routes and near attractive travel destinations.



In terms of destination accessibility, the results displayed that, generally, the concentration of destinations existed in the historic areas, whereas contemporary sites suffered from a lack of local destinations. As previously stated, the outward distribution of destinations towards transitional areas resulted in increased accumulation of services in the large city of Tehran, much larger than in the centres. When comparing Tehran and Qazvin, Tehran had a greater average number of destinations (264.5), but Qazvin’s historic centre (257) had a higher concentration, implying a prime city centre in Qazvin and a lack of developed modern centres in the city. With regard to “destinations number per residents”, one could argue that the historic fabrics (Sites 1 and 4) are still scarce of local destinations owing to densely populated areas, whereas there is a fair balance between “total destinations” and “destinations number per residents” in other study areas. According to Figure 5, among classified destinations, the average number of destinations was higher for “food retail” and “financial” (38.5 and 33.3, respectively). “Education” and “recreation” were also lower than other destinations (13).




3.1.3. Design


In line with the case study selection, the figure-ground maps demonstrate that the street network pattern changed from centre to periphery (Table 4). In general, central regions had a (semi-)organic pattern with a larger proportion of land occupation and block number, whereas recently built-up areas had an orthogonal grid-like pattern with a lower occupation rate and fewer block numbers than the former.



Table 4 shows that the average street density for all locations was around 20 km/km2. The chart also reveals that more than 70% of total junctions were three and four-way, meaning that almost three-fourths of street networks were internally linked. The average permeable network ratio was around 10, implying that there was one junction per 100 m of roadway length. This demonstrates that the mean grid spacing in Tehran and Qazvin, as well as in central and modern regions, was quite close to the codes for street network design (about 100 m) [6,68,69].



The inter-fabric comparison showed that the historic fabrics (Sites 1 and 4) had high mean values of street network density and permeable network ratio (27.08 km/km2 and 14.26 intersections per km2, respectively), with values decreasing from the centres to peripheries, while connected node ratio, a proxy for grid pattern [16], was lower for the central areas (62%). While Iranian city centres (typically equipped with historic fabrics) had the longest total street network divided into short parts, they mainly featured twisting, narrow alleyways that were not joined together by cul-de-sacs.




3.1.4. Access to Transit


According to the descriptive statistics in Table 5, there were on average 12 transportation possibilities per developed square kilometre area. The average proportion of actual walking distance to theoretical pedestrian catchment area (distance as a crow flies) was 0.70, showing that 70% of PT precincts had physical access to the station. When highways and major arterial roadways were eliminated (i.e., IPCA), the value dropped as predicted (55%). In terms of the genuine pedestrian catchment area rate, the mean value was greater in central regions (84.5%) and lower in contemporary areas (52.5%). As assessed for “permeability”, shorter street segments provided more walking coverage for historic sites than bigger blocks and long streets in modern locations, which may reduce the true maximum walking distance to transportation choices. Indeed, these ratios tend to favour walkability, resulting in TOD-centred design in key areas.





3.2. Street-Level Design


There is agreement that Iranian public spaces fall short of providing pedestrian-friendly environments, but it was necessary to determine which elements reflect this and where there are opportunities for improvement, compensating for the shortcomings of macroscale design where data were unavailable. The results revealed that streetscapes in the studied areas were drivers. However, there were several common design features depending on microscale design dimensions for each urban fabric, which are summarised below.



3.2.1. Infrastructure and Access


Despite different recorded scores (Table 6), the direct observations revealed that study streets had some common characteristics in terms of walkway and cycleway attributes. While basic sidewalks were available on nearly all street segments studied (not more than 40% of the total street width), only two streets had cycling paths with limited biking facilities, and they were sometimes used by motorists and pedestrians (Figure 6a). Residential streets were less likely to have clearly defined bicycle and pedestrian lanes (Figure 6b).



Few seating spaces in major streets, poor carriageway lightings (Figure 6c), poor signage for vehicular visibility, no wayfinding maps, limited biking facilities, missing equipment for visually disabled people (e.g., traffic lights with auditory signals), and rare facilities for disabled persons were among the major observed items concerning walking and cycling facilities (Figure 6d). In terms of street cleanliness, footpaths were generally paved, clean, and well maintained (Figure 6e). However, some activities, mostly along central streets, resulted in garbage being dumped outside along pedestrian routes (Figure 6f). During the field observation, vandalism, graffiti, and broken windows were rare, aside from a few deteriorated buildings in the central streets.



Although each station environment had its own design elements, there were a few similarities depending on the placement of the station surroundings and street. According to Table 6, in general, two kinds of station environment and transit node design were found in the study areas: central station environments (Site 1, 2, and 4) and peripheral station environments (Site 3, 5, and 6). According to Table 6, observations of vehicular circulation design revealed that, regardless of street position in the city (centre or periphery), the Iranian street design method was unable to restrain vehicular circulation to improve active travel and facilitate social street activities, due to the priority given to car movement, in terms of available, free parking space everywhere, and imbalanced street design for motorised and non-motorised movements. While core fabrics are commonly assumed to be walkable settings, they failed to limit traffic effects and establish parking spaces in tandem with modern areas.




3.2.2. Mixed Uses and Activities at Street Level


This microscale aspect of transit-oriented design attempt to reveal in what way streets react to the demands and activities of multilateral users. The capability of some major and residential streets was evaluated in terms of consistent mixing and providing streets for mixed activities and users, as shown in the Table 7.




3.2.3. Streetscape


In addition to the functional components discussed above (such as infrastructure and land uses), streetscape (visual–aesthetic) features can influence pedestrian behaviour and create a pleasurable pedestrian experience. On the basis of the field notes and images of the places, they were assessed on a four-point scale (i.e., “none”, “low”, “moderate”, and “high”) (Table 8).



The examination of streetscape attributes revealed that different components had variable effects on urban design quality. However, almost all of the central major streets scored higher for the four qualities: imageability (due to a higher portion of historic buildings and specific design forms); human scale (due to building height and on-street components); transparency (due to street-level windows, façade continuity, and active uses); complexity (due to a variety of building and architectural features, and furniture and signage presence); complexity (due to a variety of building and architectural features, and furniture and signage presence). The top five ranking main streets were those enmeshed in the historic and transitional fabrics around transit stations.



Contemporary main streets, on the other hand, received lower total rankings. Nonetheless, such roadways offered various advantages and benefits. For example, they were “imageable” due to high rankings in “park, plaza, and courtyard”, as well as a less loud environment. They were also spatially “defined” and “transparent”, as were the core principal roadways, owing to “shaded trees” and “on-street parking.”





3.3. Synthesis: An Inter-Scale Analysis of Urban Forms


It is generally acknowledged that an urban setting is walkable when the design attributes create desirable, walkable circumstances in terms of both the urban form and the street sizes. According to Figure 7, the bulk of opportunities may be found in neighbourhood-level (macro) physical characteristics that include compacted, packed station environments with reasonably mixed uses and linked streets. At the microlevel, however, streets in neighbourhoods often have poor pedestrian and bicycling conditions and confortable automobile access (i.e., functional dimensions), while giving superior settings physically and artistically.



As a result, some disparities exist between various distinct functional dimensions of macro- and microscales, as described below.



When different urban forms and neighbourhood (station area) types were studied, the discussion on land-use variety showed a separate model for the combination. The placement and provision of facilities in the transitional and contemporary developments demonstrated how each kind of station area provides amenities for people (Table 9), despite the fact that the degree of mixing among case study areas can be rated as generally acceptable.



However, street-level appraisal of usage and activities seldom encourages improved accessibility and stimulates social activities. In actuality, car-centric design solutions deny streetwalkers a feeling of community and limit the value of public areas. Aside from the flaws in transportation design and policy, this makes cities more car-dependent and may be a contributing factor to increased car ownership and use in Iranian cities [70].



The calculations found that the street network is most often interconnected at the size of neighbourhoods and station areas, but microlevel investigations revealed that walkways and cycleways are seldom interconnected and facilitated along roadways. This suggests that the higher position in “connectedness” is attributable mostly to the automotive network, rather than the pedestrian network. This may be in contrast to the design initiatives advocated to ameliorate the negative consequences of the neo-traditional (grid-like) paradigm (i.e., interconnected street network) in which cut-through traffic and its velocity are governed by linked pedestrian and limited-access roadways. It should be noted that this might be due to the prioritisation of vehicles based on Modernist-styled street design, as well as the marginalisation of walking-oriented social activities.



However, it is widely acknowledged that streets not only serve as a physical movement channel, but also support a variety of activities such as interacting, growing, moving, gathering, greening, shopping, and playing simultaneously as a public open space and place [71,72,73].



The multiscale TOD design study also indicated that different urban forms react differently to TOD-based design principles. It is considered a matter of faith that historic forms can improve the walkability of urban surroundings. The inter-form comparison research, however, demonstrated that they can only do so with the support of certain design aspects—largely at the scale of urban fabric—while the others fail. In terms of microscale attributes, the findings revealed that they were less dependent on the sort of urban design, although a distinction between main and residential streets made more sense. Nonetheless, the central regions had the highest marks on the micro-scale elements of visual–aesthetic (streetscape) urban design.



Walking, cycling, and social activities are more enjoyable in traditional urban shapes and important streets within these forms. In contrast, new developments are lacking in most areas (for example, walkability), notably in streetscape features. Bahrainy and Khosravi discovered that under-construction (newly built-up) places, particularly in Iranian new towns, generate discontinuous and dangerous pedestrian environments [74]. However, such projects house a sizable proportion of the population and are still extensively employed building patterns in the nation. Meanwhile, transitional textiles might serve an intermediary function, bringing the physical qualities of this form closer to the historic fabric in Tehran while representing the characteristics of modern advances in Qazvin. This would serve as a reminder of the growing importance of socioeconomic considerations, as well as the influence of the central business zone on urban form and street design features in Tehran’s huge metropolis.





4. Conclusions, Implications, and Future Work


This study examined the conditions for TOD design in Iran, as well as other related sub-questions, on the basis of numerous TOD urban design dimensions derived from a typo-morphological examination of urban form. In fact, the main contribution of this research is to expand on the evident fact of historic urban fabric capability (i.e., the study hypothesis) by investigating the design dimensions/qualities, as well as the various scaling potentials.



The findings not only confirmed this idea, but also allowed us to identify the missing qualities of each urban fabric and how they may restrict pedestrian activity. It has been established that, in general, Iranian cities have greater prospects for TOD in their inner cities (including historic and, sometimes, transitional urban forms). Further enhancements should thus, be created mostly in the periphery, where TOD initiatives are shown to be most effective [75]. Another significant conclusion was that macroscale urban structure traits (such as density, mixedness, and connectedness) fit better into TOD requirements in Iranian cities than microscale ones such as streetscape characteristics. The evidence from other developing countries also confirms this; while urban density in the developing world, for example, is higher than its American, Australian, and European counterparts [76,77], design practices are still car-oriented, and pedestrian (social) activities are hindered in most urban environments in developing cities [75], such as using subway bridges and tunnels for pedestrian crossings [77], narrow lanes and lack of parking for cyclists at stations [78], dedicating the whole frontage of houses to vehicle access found in new developments [79], wide streets and large setbacks [80], the dearth of urban design promotions, i.e., streetscape improvement [76] and green areas [81], and poor physical integration of transit nodes with the surrounding environment [80,82,83].



This is important because macro or structural features are even more troublesome to modify than streetscape or street design. Such occasions will play a major catalysing role in shifting travel behaviour and priorities towards a more sustainable mode of movement such as PT and active transport [77].



In reaction to car-based design practises in Iranian cities, a number of in-depth modifications to design regulations and procedures might assist. Policymakers should take a harder stance on this and eliminate the regulatory and standard hurdles described as a “straitjacket” by Southworth and Ben-Joseph [73] (p. 105). City officials and practitioners should also move beyond “beautification” or cosmetic design projects with political goals [62]. This also yields recommendations for Iranian policymakers, urban designers, and public space managers to broaden their horizons on the practices, such that the diverse facets of the built environment [18,84,85] should be on the agenda to encourage pedestrians: from physical to social, from macroscale to street-level, and from functional to aesthetic dimensions. At macroscale where “location” and “connection” were the focus, the findings may help Iranian policymakers and designers to understand the fact that the location of transit nodes at community centres and their connection with other services and destinations on the basis of walking and cycling accessibility are crucial to new design agendas across neighbourhoods. This finding has important implication for city officials to move from putting unnecessary emphasis on high-density planning—with the aim of revenue making—to human-scale, intense development in newly built-up areas. The inner cities network may undergo restructuring (connecting dead-ends) during ongoing regeneration programs, while peripheries should be complemented with a network of pedestrian-oriented routes. With regard to land use and destinations, a distribution of small-scale destinations is recommended for contemporary fabrics, and progressing large supermarkets and malls must be strongly avoided. However, due to the problems found at the microlevel design of station environments, this observational study suggests that priority must be placed on design dimensions associated with this level: through connecting walkways and cycleways equipped with facilities (all fabric types), reducing the number and size of carriageways in street (peripheries), making space for social street life (peripheries), diversified building types and active frontage (peripheries), and public space definition with visual qualities and street objects (all fabric types).



This work contributes to the existing knowledge of TOD urban design by providing an evaluative framework for simply assessing the degree to which the current design of station areas is in compliance with the TOD core principles. This framework placed priority on both the macro- and microlevel design dimensions, while its previous counterparts considered macro or micro-scale qualities in a fragmented manner, lacking a comprehensive image of walking environment quality. In addition, the microscale of the framework was one of the limited versions designed on the basis of not only pedestrian condition, but also TOD necessities (e.g., centrality of PT station). In this sense, the priority placed on “infrastructure and access” makes this framework specific compared to previous versions. More specifically, it could add to the well-known framework of MI-UDQ [27] by taking functional dimensions into consideration. Furthermore, attention was paid to making linkage with more tangible, physical features, concerning the context of Iranian cities. Overall, multiscale and multilayered (macro- and microscale design qualities) analysis of TOD station environments can greatly extend our knowledge of TOD design requirements, addressing the deficiencies associated with the previous TOD frameworks [6,30]. This will be of interest to developing countries, where integration of mobility network and urban design quality is not a priority, leading to ever-increasing traffic challenges [33,70,86], whilst systematic data and design toolkits are mostly missing [69].



However, the results have certain limitations in terms of generalisability. The key ones at the macroscale are connected to data availability, where it was supposed that there is an equitable distribution of people and dwellings across the studied regions, which may not be true in reality. It was not possible to investigate the influence of floor area ratio (FAR) and building height on land-use mixedness and density for all research regions due to space constraints. The study was additionally constrained by a lack of uniform land-use categorisation for two cities, urban transport data (e.g., mode share), and walkability (e.g., footway completeness), as well as somewhat archaic information (2011). Another flaw in this study that might have influenced the microlevel analytical measurements was a probable bias during street observations. Although qualitative field notes and photography contributed to a better understanding of individual characteristics than constructing a “walking index”, subjective judgments utilising field notes and photographs raised the likelihood of inaccuracy. The researchers had to make a conclusion on the basis of a number of differing intra-observer evaluations of a single roadway, which was the outcome of the many circumstances observed. This was precisely the case for the qualitative appraisal of aesthetic (streetscape).



Future studies might involve a more in-depth examination of certain TOD design themes. Firstly, because key environmental design difficulties were generally related with microscale challenges, they may be useful in operationalising this study’s microscale framework for TOD walkability in the context of a single or a group of cities or the Urban Design Qualities Framework (i.e., streetscape design qualities in the present study) by Ewing and Handy [27]. Furthermore, given the restricted number of case studies in this study, it is useful to understand the reflection of diverse urban forms throughout Iranian urban contexts. It is now necessary to perform an inter-city research that includes many additional case studies (cities) based on their spatial dimension, weather, PT system, regional position, economic and environmental concerns, traffic pattern, and urban morphology. The selected stations can be compared with identical examples from both developing and developed nations. A micro-morphology study combining graph theory, space syntax, and social network indices [79,86,87,88,89], along with behavioural research of pedestrians utilising such stations, would assist in finding the discrepancy between physical characteristics and mobility patterns [85]. Reviewing the content of local and national governmental documents and regulations with regard to the incorporation of the principles of TOD [70], and segmentation of the population according to the adequacy of TOD for various socioeconomic groups [90] are additional windows for further investigation.
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Figure 1. TOD design assessment framework. 
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Figure 2. Location of selected cities in Iran. Source: authors. 
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Figure 3. Typology of urban fabric and location of catchment areas in Tehran (left) and Qazvin (right). Source: authors. 
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Figure 4. The location of selected streets (n = 18) within a 500 m buffer of transit stations. Source: authors. 
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Figure 5. Frequency of local destinations per cathcment areas. Source: authors. Site 1 (Tehran, historic); Site 2 (Tehran, modified historic); Site 3 (Tehran, contemporary); Site 4 (Qazvin, historic); Site 5 (Qazvin, modified historic); Site 6 (Qazvin, contemporary). 
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Figure 6. Observed situation for “street for walking and cycling” measure across the study streets. Source: photographs by authors. (a) Vali-Asr St. (Site 2), (b). Maleki St. (Site 5), (c). Vali-Asr St. (Site 2), (d) Bsij St. (Site 6), (e) Razmandegan St. (Site 6), and (f) Khayyam St. (Site 1). 
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Figure 7. The degree to which macro- and microscale dimensions/qualities can produce pedestrian- and transit-friendly areas surrounding transit stations of triple urban forms. Source: authors. 
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Table 1. Characteristics of selected cities.






Table 1. Characteristics of selected cities.





	
City

	
Population * (n)

	
Population Density (pp/km2) **

	
Annual Population Growth: (Birth and Migration) (%) *

	
Mode Share (%) ***




	
Private Car

	
Taxi

	
Bus

	
BRT

	
Subway






	
Tehran

	
8,693,706

	
8000

	
+1.50

	
51

	
23

	
9

	
7

	
10




	
Qazvin

	
402,748

	
9000

	
+5.54

	
48

	
25

	
27

	
0

	
0








* Based on the latest national census statistics [59]; ** [60]; *** [61,62].
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Table 2. Descriptive statistics of density measures for the three urban fabrics and the two cities.
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Dimension

	
Measure

	
Urban Fabric




	
Historic

	
Modified Historic

	
Contemporary




	
Tehran

(Site 1)

	
Qazvin

(Site 4)

	
Mean

	
Tehran

(Site 2)

	
Qazvin

(Site 5)

	
Mean

	
Tehran

(Site 3)

	
Qazvin

(Site 6)

	
Mean






	
Density

	
Gross population density (pp/ha)

	
173.84

	
154.03

	
163.93

	
107.99

	
81.16

	
94.57

	
123.17

	
105.59

	
114.38




	
Net population density (pp/ha)

	
416.49

	
340.07

	
378.28

	
313.32

	
315.67

	
314.49

	
1223.12

	
389.71

	
806.42




	
Gross housing

density (du/ha)

	
52.02

	
45.16

	
48.59

	
30.47

	
23.32

	
26.89

	
41.20

	
25.48

	
33.34




	
Net housing

density (du/ha)

	
124.61

	
99.70

	
112.15

	
88.42

	
90.70

	
89.56

	
409.14

	
94.05

	
251.60




	
Compactness (%)

	
98

	
97

	
97.5

	
98

	
61

	
79.5

	
93

	
84

	
88.50
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Table 3. Land-use patterns and descriptive statistics of diversity measures for the three urban fabrics and the two cities.






Table 3. Land-use patterns and descriptive statistics of diversity measures for the three urban fabrics and the two cities.





	
Dimension

	
Measure

	
Urban Fabric




	
Historic

	
Modified Historic

	
Contemporary




	
Tehran

(Site 1)

	
Qazvin

(Site 4)

	
Mean

	
Tehran

(Site 2)

	
Qazvin

(Site 5)

	
Mean

	
Tehran

(Site 3)

	
Qazvin

(Site 6)

	
Mean






	
Diversity

	
Entropy

	
0.79

	
0.69

	
0.74

	
0.74

	
0.68

	
0.71

	
0.80

	
0.80

	
0.8




	
Mixedness

	
0.44

	
0.38

	
0.41

	
0.50

	
0.34

	
0.42

	
0.84

	
0.50

	
0.67




	
Car parking area (ha)

	
2.27

	
3.30

	
2.78

	
1.72

	
0.92

	
1.32

	
0.83

	
0.00

	
0.42




	
Local destinations (#)

	
229

	
257

	
243

	
300

	
78

	
189

	
66

	
36

	
51








Source: authors.
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Table 4. Comparative analysis of study areas street pattern and other physical characteristics.






Table 4. Comparative analysis of study areas street pattern and other physical characteristics.





	
Dimension

	
Measure

	
Urban Fabric




	
Historic

	
Modified Historic

	
Contemporary




	
Tehran

(Site 1)

	
Qazvin

(Site 4)

	
Mean

	
Tehran

(Site 2)

	
Qazvin

(Site 5)

	
Mean

	
Tehran

(Site 3)

	
Qazvin

(Site 6)

	
Mean






	
Design

	
Street pattern (ground map)

	
 [image: Sustainability 14 07338 i001]

	
 [image: Sustainability 14 07338 i002]

	
-

	
 [image: Sustainability 14 07338 i003]

	
 [image: Sustainability 14 07338 i004]

	
-

	
 [image: Sustainability 14 07338 i005]

	
 [image: Sustainability 14 07338 i006]

	
-




	
Land occupation share of built-up area (%)

	
75.48

	
73.16

	
74.32

	
69.68

	
39.11

	
54.40

	
64.51

	
55.08

	
59.80




	
Mean residential parcel area (m2)

	
156

	
183

	
169.50

	
320

	
205

	
262.50

	
3954

	
261

	
2107.5




	
Number of blocks included

	
326

	
333

	
329.50

	
348

	
188

	
268.00

	
40

	
202

	
121.00




	
Mean block area (m2)

	
8009

	
7339

	
7674.0

	
6508

	
8454

	
7481.0

	
60,673

	
11,480

	
36,076.5




	
Street network density (km/km2)

	
27.64

	
26.52

	
27.08

	
20.37

	
15.85

	
18.11

	
14.95

	
15.40

	
15.18




	
Connected node ratio (%)

	
62

	
62

	
62.00

	
76

	
69

	
72.50

	
76

	
82

	
79.00




	
Permeable network ratio (n per km2)

	
14.63

	
13.88

	
14.26

	
7.67

	
9.26

	
8.47

	
5.49

	
7.24

	
6.37








Source: authors.
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Table 5. Ped-Shed ratio for the three urban fabrics and the two cities for access to transit measures.
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Dimension

	
Measure

	
Urban Fabric




	
Historic

	
Modified Historic

	
Contemporary




	
Tehran

(Site 1)

	
Qazvin

(Site 4)

	
Mean

	
Tehran

(Site 2)

	
Qazvin

(Site 5)

	
Mean

	
Tehran

(Site 3)

	
Qazvin

(Site 6)

	
Mean






	
Access to transit

	
Ped-Shed *

	
 [image: Sustainability 14 07338 i007]

	
 [image: Sustainability 14 07338 i008]

	
-

	
 [image: Sustainability 14 07338 i009]

	
 [image: Sustainability 14 07338 i010]

	
-

	
 [image: Sustainability 14 07338 i011]

	
 [image: Sustainability 14 07338 i012]

	
-




	
Transit accessibility (n per km2)

	
10.3

	
17.1

	
13.7

	
11.8

	
3.5

	
7.6

	
15.1

	
12.6

	
13.8




	
Ped-Shed (%)

	
78

	
91

	
84.5

	
72

	
74

	
73

	
42

	
63

	
52.5




	
IPCA (%)

	
-

	
42

	
42

	
68

	
51

	
59.5

	
35

	
-

	
35








Source: authors. * Legend:  [image: Sustainability 14 07338 i020] station buffer;  [image: Sustainability 14 07338 i021] Ped-Shed;  [image: Sustainability 14 07338 i022] transit station.
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Table 6. Mean scores (1 to 5) for “infrastructure and access” measures for studied streets across the study areas.






Table 6. Mean scores (1 to 5) for “infrastructure and access” measures for studied streets across the study areas.





	
Measure

	
Indicator

	
Historic

	
Modified Historic

	
Contemporary




	
Site 1

	
Site 4

	
Site 2

	
Site 5

	
Site 3

	
Site 6






	
Street for walking and cycling

	
Walkway and cycleway attributes

	
2.7

	
3.3

	
3.6

	
3.0

	
2.3

	
3.6




	
Facilities for walkers and cyclists

	
2.4

	
2.3

	
3.0

	
1.9

	
1.5

	
1.8




	
Maintenance and cleanliness quality

	
2.4

	
2.7

	
4.1

	
3.8

	
3.3

	
3.7




	
Transit node design

	
Transit station amenities and design

	
3.6

	
2.4

	
3.6

	
2.8

	
2.8

	
1.2




	
Transit node as a community centre

	
3.7

	
4.7

	
4.3

	
1.9

	
1.0

	
1.3




	
Integration with street

	
3.7

	
3.3

	
4

	
2

	
1.7

	
1.3




	
Vehicular circulation design

	
Parking design

	
1.8

	
2

	
1.8

	
1.0

	
1.0

	
1.8




	
Traffic impact

	
1.3

	
1.5

	
1.5

	
1.0

	
1.0

	
1.0








Source: authors.
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Table 7. Observed situation for “consistent mixing” and “street for mixed activities” measures across the study streets.






Table 7. Observed situation for “consistent mixing” and “street for mixed activities” measures across the study streets.





	
Measure

	
Observation

	
Sample Street Observation




	
Central

(Sites 1, 2, 4)

	
Peripheral

(Site 3, 5, 6)






	
Consistent mixing

	

	
Small commercial units in the central areas



	
Dwellings in the peripheral developments



	
Dwellings along residential streets (central and peripheral)



	
Vertical mixed uses in central (Image 1)



	
Mono-functional “big boxes” with nonactive uses in peripheries (Image 2)



	
Many undeveloped parcels in peripheries






	
 [image: Sustainability 14 07338 i013]

Image 1. Vali-asr, Site 2

	
 [image: Sustainability 14 07338 i014]

Image 2. Basij St., Site 6




	
Mixed activities

	

	
Streets for easy and fast “car” access



	
Presence of motorists in pedestrian realm (Image 3)



	
Focal vehicular zone vs. marginalised pedestrian realm



	
Unsafe and unpleasant walking in residential streets and alleys



	
Dominant motorists and marginalised pedestrian activity (Image 4)






	
 [image: Sustainability 14 07338 i015]

Image 3. Vali-asr St., Site 1

	
 [image: Sustainability 14 07338 i016]

Image 4. Golha St., Site 3








Source: authors.
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Table 8. Ranking of the quality of street features with regard to the urban design qualities.
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Street Feature

	
Urban Fabric




	
Historic

	
Modified Historic

	
Contemporary




	
Khayyam (Tehran)

	
Mowlavi (Tehran)

	
Imam (Qazvin)

	
Naderi (Qazvin)

	
Ferdosi (Qazvin)

	
Vali-Asr (Tehran)

	
Keshavarz (Tehran)

	
Karim-Khan (Tehran)

	
Shahid-Beheshti (Qazvin)

	
Saremi (Tehran)

	
Golha (Tehran)

	
Razmandegan (Qazvin)

	
Basij (Qazvin)






	
Imageability

	
Courtyard, park, and plaza

	
0

	
0

	
0

	
1

	
0

	
0

	
2

	
0

	
2

	
1

	
2

	
2

	
1




	
Natural landscape

	
0

	
0

	
0

	
1

	
0

	
0

	
1

	
0

	
0

	
1

	
0

	
0

	
0




	
Noise

	
3

	
3

	
2

	
3

	
3

	
3

	
3

	
3

	
3

	
2

	
2

	
2

	
1




	
Specific building form

	
1

	
2

	
2

	
2

	
0

	
1

	
1

	
1

	
0

	
1

	
0

	
0

	
0




	
Identifiable building

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
2

	
1

	
0

	
2

	
1

	
1




	
Historic building

	
1

	
1

	
1

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
Human scale

	
Small planter

	
1

	
1

	
1

	
2

	
1

	
2

	
2

	
1

	
1

	
1

	
0

	
1

	
2




	
Furniture

	
2

	
3

	
2

	
3

	
2

	
3

	
3

	
2

	
1

	
1

	
0

	
1

	
1




	
Street-level windows

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
1

	
1

	
0

	
2

	
1

	
1




	
Pavement texture

	
2

	
1

	
2

	
2

	
2

	
3

	
2

	
1

	
0

	
2

	
1

	
2

	
2




	
Parked cars

	
2

	
2

	
1

	
2

	
2

	
2

	
2

	
3

	
2

	
2

	
3

	
2

	
1




	
Building details

	
2

	
2

	
2

	
1

	
1

	
1

	
1

	
1

	
1

	
0

	
1

	
1

	
1




	
Building height

	
1

	
1

	
1

	
1

	
1

	
2

	
2

	
2

	
1

	
2

	
1

	
2

	
2




	
Transparency

	
Street-level windows

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
1

	
1

	
0

	
2

	
1

	
1




	
Façade continuity

	
3

	
3

	
3

	
2

	
3

	
3

	
3

	
2

	
1

	
1

	
2

	
2

	
2




	
Active uses

	
3

	
2

	
3

	
3

	
3

	
2

	
2

	
1

	
0

	
0

	
2

	
1

	
1




	
Street vendor

	
1

	
2

	
2

	
2

	
1

	
2

	
1

	
0

	
0

	
0

	
0

	
0

	
0




	
Street trees

	
3

	
2

	
3

	
3

	
2

	
2

	
3

	
2

	
2

	
1

	
0

	
2

	
3




	
Building details

	
2

	
1

	
1

	
1

	
1

	
1

	
1

	
0

	
0

	
0

	
1

	
1

	
0




	
Complexity

	
Building type and number

	
3

	
2

	
2

	
3

	
2

	
3

	
2

	
2

	
3

	
1

	
1

	
2

	
1




	
Architectural diversity

	
2

	
2

	
1

	
2

	
1

	
3

	
2

	
3

	
1

	
1

	
0

	
1

	
1




	
Building ornamentation

	
2

	
2

	
1

	
2

	
2

	
2

	
2

	
2

	
1

	
1

	
1

	
1

	
1




	
Light and shade by trees

	
3

	
3

	
3

	
2

	
2

	
2

	
3

	
1

	
2

	
1

	
0

	
2

	
2




	
Street furniture

	
2

	
3

	
2

	
3

	
2

	
3

	
3

	
2

	
1

	
1

	
0

	
1

	
1




	
Signage

	
2

	
3

	
2

	
3

	
2

	
3

	
3

	
2

	
1

	
1

	
2

	
0

	
0








Source: authors. Ranking key:  [image: Sustainability 14 07338 i023] none;  [image: Sustainability 14 07338 i024] low;  [image: Sustainability 14 07338 i025] moderate;  [image: Sustainability 14 07338 i026] high.
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Table 9. An abstracted model of the location and formation of servicesacross typical urban fabrics.






Table 9. An abstracted model of the location and formation of servicesacross typical urban fabrics.





	
Synthesis Map

	
Urban Fabric




	
Historic

	
Modified Historic

	
Contemporary






	
Street network and activities

	
 [image: Sustainability 14 07338 i017]

	
 [image: Sustainability 14 07338 i018]

	
 [image: Sustainability 14 07338 i019]




	
Notes

	
Commercial ribbons along main streets, as along with centred retails (Bazaar)

	
A higher number of large-scale facilities along with small-scale services oriented to major streets in this form

	
Distributed facilities throughout new developments








Source: authors.
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