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Urban sprawl and increasing population density in urban centers create the challenge to finding ways of sustainable transportation solutions that preserve the convenience of residents while reducing emissions. Therefore, walkability is a core urban design element because of being advantageous onto three fronts: health, livability, and sustainability. Adopting walkability as urban solution relieves conceptual and practical tensions between the individualistic interests manifested in the desire to own and use private cars, and the need to reduce transportation-based consumption. This review advocates that long-term health benefits from walking and physical activity are the premier incentive to repurpose our cities to be more sustainable and more walking friendly, and spark behavioral change into reducing car dependency for all daily transportations. The review inspects physical elements of the built environment that make the walking trip feasible and desirable, such as connectivity, accessibility, and closeness of destination points, presence of greenness and parks, commercial retail, and proximity to transit hubs and stations. Hence, this review explores a few popular walkability evaluation indices and frameworks that employ subjective, objective, and/or distinctive methods within variant environmental, cultural, and national context. There is no unified universal standardized walkability theory despite the need for rigorous evaluation tools for policy makers and developers. Furthermore, there is a lack of emphasis on air quality and thermal stress while approaching walkability, despite being important elements in the walking experience. Research opportunities in the field of walkability can leverage location tracking from smart devices and identify the interaction patterns of pedestrians with other transportation modes, especially for those with fundamental movement challenges such as wheelchair users.
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INTRODUCTION
Historically, walking has been the main mode of transportation in urban areas. That changed with the rapid urbanization and mass introduction of cars in the 1950s and the subsequent population growth in suburbanite areas around the major cities. This created an expansion pattern known as known as urban sprawl, in which large swathes of urban populations move to the outskirts and suburbs of their cities, which are designed to have low-density housing, and a lifestyle dependent on private automobiles due to the single land-use and the scattering of the daily destinations (Glaeser and Kahn, 2004). Since then, most planning focused on creating the space for motorized transportation, especially highways connecting sparse urban centers and neglected active transportation modes such as walking and biking. Only with the oil crisis of the 1970s, and the expansion of high-rise buildings did urban developers begin emphasizing the importance of walkability, particularly for those who travel by public transportation (Tribe, 1976; Lo, 2009; Roe and Aspinall, 2011; Forsyth, 2015). Today, walking and walkability is increasingly becoming a central theme in urban planning, partially in response to public demand and the search for sustainable urban development. The need to reduce air pollution and carbon emissions per capita, the exhaustive traffic stress on urban centers, and an increasing environmental awareness by city dwellers have advanced public support for nonmotorized, active transportation modes. Health studies examining physical activity cite walking and biking as measures that facilitate physical rehabilitation and mitigate modern chronic diseases such as obesity, diabetes and hypertension, and mental health and depression (Barton et al., 2009; Johansson et al., 2011; Roe and Aspinall, 2011; Mackenbach et al., 2014). Walkability and walking are closely entwined with the concepts of the livability of local communities as well as sustainability and its three pillars: the economic, social, and environmental.
In broad terms, walkability is defined by quality of which the built environment enables the mobility of pedestrians. Pedestrians traditionally are defined as the individuals traveling by foot, but it has recently been expanded to include those who use wheelchairs or other assistive devices (Lo, 2009). Walkability, as we demonstrate throughout this review, is viewed to serve multiple aspects of life, and thus is measured and assessed through different variables, such as the pedestrian sidewalks, accessibility to amenities, and environmental conditions, and still a subject of debate, and different prioritization approaches to the competing factors in the built environment (Southworth, 2005; Forsyth, 2015).
Several physical environments must be analyzed to create a walkable urban space. Some of these concern the pedestrian infrastructure in the finer, smaller scale; the sidewalks have to be accessible, direct, connected, safe, comfortable, shaded, and well maintained for the full spectrum of pedestrians (Frackelton et al., 2013; Aghaabbasi et al., 2018). Sidewalks must be designed to allow pedestrians to reach transit points of public transport (Jeffrey et al., 2019). The general urban characteristics on the larger scales influence walkability. An appropriate population density lends itself into an economically vibrant ambience and this urban vibrancy is echoed in the presence of amenities such as schools, shops, restaurants, offices, parks, and gyms that encourage people to walk to go to their daily activities. The optimal population density is usually reflected in the density of road intersections and small lengths of urban blocks, allowing pedestrians to take shorter and more direct paths to their destinations (Frank and Engelke, 2001; Saelens et al., 2003). The methodology of measurement, and the relative weighting of each individual factor differs according to the local context and its priorities.
This review investigates the role of walkability as a core urban feature designed to link and improve upon three basic needs, 1—the health of residents, 2—livability and quality of life for members of the community, and 3—long-term sustainability with its three pillars, the environment, economy, and society. The review aims at adding to the discourse of walkability studies by shedding light on walkability evaluation frameworks, and their evaluation of the major elements of the built physical environment through a narrative literature review. The review concludes by identifying aspects that profoundly influence the pedestrian walking feasibility yet are not highlighted enough in walkability audits and frameworks, especially in the light of the three basic needs of health, livability, and sustainability. Improving walkability evaluation frameworks will guide future actions such as correction and retrofitting existing infrastructure, and development of walking-friendly environments for pedestrians within inclusive, sustainable, and livable neighborhoods that enable residents to walk and exercise in a manner that serves their health and well-being.
The case against walkability in modern design: value of property in suburbs; desire of privacy; search for more.
WALKABILITY RELATIONSHIP WITH HEALTH, SUSTAINABILITY, AND LIVABILITY
In the heart of the modern living experience, lie two largely intersecting yet occasionally contrasting concepts of sustainability and livability. Livability can be defined as the combined objective influences on a community’s quality of life. Livability is hypothetically reflected on the subjective satisfaction of the community with their surrounding environment, while sustainability is concerned with the balance between the social, economic, and environmental facets of development as well as the preservation and regeneration of resources for both present and future generations. Livability is concerned with present, immediate needs, while sustainability is concerned with the overall long-term wellbeing of humanity and Earth. These two concepts must be reconciled and colligated to advance a happy, comfortable way of living (Chazal, 2010; Gough, 2015); In addition, health awareness has been a strong incentive for many to support the agenda of sustainability and livability; however, this review makes the distinction between the health, sustainability, and livability despite the large overlaps between the three goals. This distinction is critical to address context-specific issues should they arise. Figure 1 explores how walkability serves to individual health, the community livability on the scale, and the sustainability.
[image: Figure 1]FIGURE 1 | Framework to analyze walkability relationship with health, sustainability, and livability.
Walking and Health
Walking as a low-intensity physical activity is associated with healthier populations since it contributes to lower rates of obesity, diabetes, and cardiovascular diseases (Hu et al., 1999; Gregg et al., 2003; Smith et al., 2007). The negative associations between non-chronic diseases and physical activity have been well documented in many studies. Walking as a physical activity is associated with lower Body Mass Index (BMI), controlled blood pressure, and lower rates of diabetes (Sarkar et al., 2018; Howell et al., 2019). Neighborhood walkability is also associated with lower respiratory diseases rates such as asthma in children (Simons et al., 2018).
A study by Saint Maurice et al. (2020) on adults in the United States drew the correlation between higher daily step count and average all-causes mortality rates. The mortality rate for those above 65 years old who walked for 2,000 steps per day was found to be 78 per 1,000 as opposed to the mortality rate of 12 per 1,000 for those who walked 10,000 steps per day. Walking is considered a safe training activity to improve cardiovascular health in general (Houle et al., 2011). More intense forms of walking further enhance benefits to the peripheral cardiovascular system.
Walking is considered a pain-free activity that does not require recovery time nor special equipment or specific training, which makes it a recommended form of physical activity for those in rehabilitation from illness or injury. Walking is often recommended for elders suffering from osteoporosis (Pereira Neto et al., 2018). Walking has also proven to be a safe activity for those recovering from cardiovascular diseases (Martinez et al., 2009; Novaković et al., 2019) or chronic musculoskeletal pain (O’Connor et al., 2015). Moderate walking additionally has been discovered to help cancer patients sleep (Chiu et al., 2015).
Walking is even associated with improved mental health. There is in particular a strong negative correlation between walking and depression symptoms in older adults (Mobily et al., 1996). The ability to engage in a physical activity such as walking compensates for the diminishing sense of control and dwindling roles for older people. The social dimension of walking helps to maintain social skills and connectivity, and the ability to do daily shopping helps to maintain a sense of purpose.
Since it is an easy activity, walking is well-liked by adults regardless of their ethnic or demographic background (Roe and Aspinall, 2011). In modern lifestyles, walkability has become an indicator of urban livability and quality of life. Walking comfortably for small and reasonable distances to engage in daily activities contributes to increased levels of physical activity and better livability.
Walkability, Livability, and The Connection With Sustainability
The core of the conflict and tension between sustainability and livability is that many of the instantaneous needs and desires of the population to make life quality better, have unsustainable consequences on the long term. While recent livability indices such as Economist Intelligence Unit’s Livability Ranking and Mercer’s Quality of Living Reports are increasing giving more attention to environmental aspects through a mixture of objective parameters that describe the urban environment and life quality parameters, subjective parameters describe resident’s satisfaction (Howley et al., 2009; Tomalty and Mallach, 2015).
For a community to be considered livable, it must maintain acceptable levels of equity, social stability, social engagement, crime rates, and nurture a shared sense of local culture. Economic activity in a livable community should be robust enough to generate income and high quality of life. Housing must be affordable and comfortable, and the flow of energy, goods, food, and services should be uninterrupted, and markets should be easily accessible. Basic services such as water, sewage, electricity, and communications should be well established, and fundamental infrastructure such as roads and lighting should be built to serve the community (Ruth and Franklin, 2014; Lukuman et al., 2017). Walkability is not the only defining factor in determining social characteristics such as crime rates or school safety, and it is easily overruled by the negative aspects of historic discriminatory racial, gendered, and socioeconomic patterns that take place in many urban developments; in these contexts, crime and sense of insecurity emerge as barriers to walking (Zhu and Lee, 2008; Comer and Greene, 2015; Cowen et al., 2019).
The environment should also be cared for in a livable community; there should be clean, high-quality air, effective waste management, and clean drinking water. Parks, green spaces, and street vegetation are also essential elements to provide in venues for leisure as they improve mental health and the environment (Ruth and Franklin, 2014). Unfortunately, some of these basic elements of livability are associated with a consumeristic facet to good quality of life, and require the use of natural resources, which come into conflict with sustainability principles.
It is noticed that there is an increasing awareness of impact of sustainability on the quality of life, and progressively reflected on livability indices, reflecting work in recent decades to reconcile the two concepts. A main impetus of this reconciliation has been public health concerns, many of which are discussed in the previous Walking and Health. In addition, an increasing awareness of the climate crisis and global warming has garnered support for regulations and measures to push for more sustainability. The tensions between the concentrated urban instantaneous livability versus the macro and long-term sustainability are deconstructed and presented with successful resolution suggestions in Table 1.
TABLE 1 | Resolving conceptual and practical tensions between livability and sustainability (Lauf et al., 2014; Ruth and Franklin, 2014; Gough, 2015; Newell et al., 2018; Martínez-Bravo et al., 2019).
[image: Table 1]Walking is the heart of sustainability; it is humanity’s first mode of transportation, a transportation mode that does not require external energy sources and that helps to keep people healthy, happy, and active. Walkability, which measures how hospitable a place is for walking, influences sustainability in economic, social, and environmental terms. The ability to walk to different nearby destinations is associated with public satisfaction of transportation arrangements (Shamsuddin et al., 2012).
Sustainability and Walkability
Walkability is often the economic, environmental, and the social with the limited resources of energy, space, environment, and water. Basic features of the relationship between walkability and the three aspects of sustainability are demonstrated in Figure 2. The classification of sustainability into these three types is well established in the United Nations literature and has been the basis to develop the Sustainable Development Goals (SDGs).
[image: Figure 2]FIGURE 2 | Relationship of walkability with sustainability aspect. Source: Authors.
Environmental Sustainability
Building walkable communities contributes to reducing automobile-based transportation. Urban centers with higher population densities and walkable communities are associated with lower overall carbon emissions per capita than their rural and suburban surroundings. Some of the main benefits of walkability are briefly discussed here.
Reduction in Transportation Emissions and Consumption of Resources
While this drop in emissions per capita can be attributed largely to the absence of agricultural and industrial activities, a sizable portion of the reduction can be attributed to the shorter transportation commutes and accessibility of goods and services (Poom and Ahas, 2016). To achieve more accurate measurements, recent studies have focused on the measurement of alterations in carbon footprint caused by behavioral changes. A study in London, United Kingdom, indicated that nearly 42% of short car trips of less than 3 miles could be substituted by walking or biking; the estimated CO2 emissions reduction in such a case was measured at 2.8 kgCO2e per person per week, an equivalent of 10.9% of all car travel. Given the purpose of traveling and other factors, a realistic shift via the project connect2 from carbon intensive transportation to walking or biking was estimated to reduce short trip travel by 41%, or 1.15 kgCO2e, which would account for 4% of all car travel (Neves and Brand, 2019). Such reduction might be even greater when put into the context of countries with larger average car emissions than the United Kingdom. Similar efforts to promote walking and biking in New Zealand led to a reduction of at least 1.6% of emissions after 3 years as well as a drop in overall vehicles per household (Keall et al., 2018). However, there are not many examples that establish a well-calculated quantitative link between kgCO2e emission reduction and the promotion of walking and biking.
Air Pollution
Associations between walkability and air pollution are not direct. More congested city centers tend to be more walkable but have higher air pollution and suburbs have low walkability and low air pollution, but the regions in the middle tend to have low air pollution and high walkability. Studies show that air pollution impacts the quality of health benefits achieved through walking, and other studies question the risks from exposure to particulate matters. Finding the balance between pollution and population density is an active goal for good urban planning and is a discourse tied to questions about socioeconomic equity (Marshall et al., 2009; James et al., 2015; Hankey et al., 2017).
Social Sustainability
Social sustainability can be defined as the state and process of enhancement in quality of life. Social sustainability is influenced by physical factors such as the climate and ecological environment, natural resources, and built environment, as well as non-physical factors such as the richness of demographic backgrounds, diversity in educational and professional backgrounds, and the network of interpersonal relations and communications between the members of a community. Heavily car-oriented subdivisions negatively influence the social capital and the possible social interactions on the neighborhood level (Leyden, 2003).
Social Inclusion for People With Disabilities
The social benefits from walkability are a major driver for its adoption, walkability creates a hope for more social inclusion within communities, which was reflected into the modern definitions of a pedestrian to include those transporting by wheelchair. This is codified in many countries such as the Americans with Disabilities Act (ADA) in the United States or The Disability Discrimination Act (DDA) in the United Kingdom. Certain considerations must be made for wheelchair users, such as curb ramps and accessible pedestrian and crosswalk buttons. While people with disabilities are considered in urban planning practice, the evaluation tools of walkability offer only limited coverage of sidewalks for people with these different needs (Aghaabbasi et al., 2018).
Social Capital and Social Equity
Social sustainability is entwined with the concept of social capital, where social capital is leveraged for the provision of an organically operational social space that allows for the living, connecting, and bonding of humans (McKenzie, 2004; Yoo and Lee, 2016). Many constituent elements of social sustainability overlap with livability as we discussed earlier. The main distinction between the two concepts is the focused scope on subjective social interactions and behaviors by social sustainability with taking the historic and socioeconomic context more into account, while livability takes a wider area of objective and subjective factors and measures them to the instantaneous effect.
Social sustainability is manifested social equity and the sense of community despite disparities in income. Social equity requires accessibility to essential goods and services such as health, education, and recreation as well as enough economic equity for those services to be reasonably accessible to all. A socially sustainable neighborhood is characterized by a sense of unified community where common causes are identified and collective actions are taken or demanded from local authorities. Social sustainability and the value of social capital are often best reflected during crises such as natural disasters, pandemics, or economic hardships where individuals with better resources organize and intervene to help their communities. Social capital plays a role in mitigating the wider society and government’s failure to provide vital functions such as security and welfare (Rayan, 2013).
Creating a Social Space
Walkability makes neighborhoods more sociable and fosters more frequent and longer interactions between members of a society, allowing for better bonding (Masoud et al., 2011). Nonetheless, an apparently weak or negative correlation between walkability and sociability can be a result of an amalgamation of cultural, socioeconomic, and ethnic contexts, which far exceeds the positive influence of the physical environment on societal relations. It is critical to understand that improvements neighborhood walkability and built environment cannot waive eons of racial and socioeconomic strain. The public discourse and major economic and social events have a stronger impact on social capital (Hanibuchi et al., 2012; Jun and Hur, 2015).
Mobility
Providing urban accessibility to broader range of individuals allows the inclusion of more people into productive social and economic activity and reduces the reliance on caretakers. Neighborhood walkability provides mobility to children or those who do not have cars. Mobility of children can free the time that parents normally dedicate to driving them to their sports activities. This freedom of mobility contributes to healthier, more sociable children and gives them access to community activities even in the event of parent’s absence. This is a crucial issue to many parents who have to be committed to work schedules that conflict with their children’s essential activities such as going to school. This dilemma leaves parents with options that either sacrifice the children’s schooling or forgo a portion of their income (McDonald and Aalborg, 2009; Giles-Corti et al., 2011; Christiansen et al., 2014; Lee et al., 2020).
Economic Sustainability
Walking is a cost-effective transportation mode, especially for short distances, where pedestrians save not only on the fuel costs, but also on wear and tear on their automobiles. Walking helps reducing dependence on cars, and dilutes the need to bulky, expensive parking spaces. The social benefit of walkability transpires later as socioeconomic benefits, by creating vibrant environment for social interactions, inclusive job markets, clean environment, and accessibility to goods and serves. Nonetheless, we keep this section to focus on the direct financial benefits of walkability associated with cost reductions on the public and consumers, the benefits for the efficient land mixed use on property values, and the reduced burden on healthcare sector associated with increasing the physical activity levels among the population.
The following points outline aspects through which walkability contributes directly and indirectly to the economic and financial stability of taxpayers and government.
Public and Consumer Cost Savings
By estimating and measuring the money savings at both the personal and community levels for when car travel is replaced by walking, it is possible to report economic benefit from walkability. Consumers save money directly by reducing expenditure on fuel, reducing car consumption and parking fees. For example, improved perceived walkability affected the affordability of healthy food for the residents of Springfield, Missouri (Calise et al., 2018). In 2000, the total United States expenditure on walkability amounted to only $4.6 billion out of $128.5 billion spent on roadways on all government levels. However, progressively increasing budgetary resources are being dedicated to the development of walking and cycling tracks in recent years to present walking as a viable, supplementary transportation mode (Handy and McCann, 2010). Developing pedestrian infrastructure is evidently cheap and does not require as much funding as roadways (Litman, 2017).
Public savings are generated by reducing vehicle travel, thus reducing maintenance operations on existing roads and reducing the need for new roadways. Public savings can then extend to the consumer through tax cuts, and increased economic activity in livable, walkable cities will be reflected in improved tax revenue to public authorities. The Improved consumer accessibility, community livability, and consumer transportation yield cost savings that is beneficial for local business ecosystems, and are imperative to the success of tourism and retail sectors (Gorrini and Bertini, 2018). The reduction in car usage that results from walking leads to fuel savings on both the national and consumer levels; it also prolongs the lifespan of vehicles, which in turn reduces embodied carbon emissions.
Efficient Mixed Land Use
Walkability contributes to reducing the area dedicated for car transportation and parking, creating compact, accessible economic activity, and job opportunities for local communities. The presence of restaurants, retails shops, and recreation ventures contributes to creating a sense of vibrancy and liveliness, thus making increasing the attractiveness of the area, hence increasing its monetary evaluation. The mix-land use and connectivity of walkability maximizes the value of properties and occupation rates (Cortright, 2009; Pivo and Fisher, 2011). Efficient mixed land use in urban spaces is essential to build resilient cities and provide accessibility to residents within a reasonable distance.
Healthcare
Healthier populations are more economically productive, contribute to a larger labor supply, stronger tax-revenue and hence stronger financial standing, and more resources can be directed to those who are in more need for medical care; therefore, public health of the population is an essential indicator to the economic performance. Increased physical activity by walking contributes to a healthier population and reduced mortality rates in older populations. Increased walking activity has been linked to reduced chronic diseases rates in healthier older women, older men, college students, and adolescents. Higher rates of physical activity are also associated with lower obesity rates as discussed in Walking and Health (Suhrcke et al., 2006).
PHYSICAL ELEMENTS OF THE BUILT ENVIRONMENT
Built environment has a positive influence on walking activity whether for transportation, leisure, or exercise. Built environment design must consider different transportation modes including walking. Rather than focusing on vehicles only, the development of urban spaces must focus on improving walkability to make physical activity and walking safe, easy, enjoyable, and accessible. Increasing physical activity in general and walking is associated with significant health benefits. Some of the physical features of the walkable zone are shown in Figure 3 with a discussion of their significant aspects afterward in the rest of the article.
[image: Figure 3]FIGURE 3 | Characteristics of walkable physical environment.
Connective and Accessible Built Environment
The built environment must provide several intersections between connectivity and different utilities and amenities. The ability to walk continuously to the destination is by far the most important aspect of walkability and defines the possibility of the walking trip. Therefore, to encourage walking and physical activity, the built environment must provide comfortable pedestrian sidewalks, vehicle speed limits, appropriate road crossings, and good lighting. The walking trips must not be too long, and paths to destinations must be relatively direct. One attribute of connectivity is the density of intersections within a specific area, making navigation and accessibility much more direct and navigable due to smaller blocks. Another measure is to calculate the ratio of the direct geospatial distance between any two amenities to the actual traveling distance, which indicates how efficient walking is (Handy et al., 2002).
Unbalanced growth and planning can strip local communities of walkable characteristics, where streets dedicated to car and parking spaces take priority, while width of sidewalks shrink and pedestrian movement therefore ends up concentrated in only a small number of street segments that are exposed to encroachment and obstacles. This leads to the creation of vibrant pockets where walking is beneficial, safe, and comfortable while the rest of the city is barred from urban vibrancy and liveliness (Zook et al., 2012).
Mix Land Use
Another factor that encourages walkability is having mixed land use of the built environment. Multiple applications of the developed urban area ensure the activity of the residents and visitors since walking becomes an accessible utilitarian tool to transport between residential, recreational, entertainment, and retail services, as well as institutions such as schools, offices, community centers, and houses of worship. Such facilities being in close proximity in compact communities lead to individuals walking up to two and half times more than those who live in sparse communities. This is due to the ability to use walking as an efficient and quick mode to reach destinations of daily utility (Coogan et al., 2007). Planned walkways must, then, be direct and efficient to minimize unnecessary traveling in utilitarian walks. Walkability increased the valuation of built real-estate assets between 1 and 9% of the property value in the United States (Pivo and Fisher, 2011). Land prices are also influenced by walkability, as pointed out by Rauterkus and Miller (2011) who studied land prices in Alabama.
Greenness and Parks
A significant feature of the built environment is outdoor greenness. In addition to being aesthetically appealing, vegetation and trees reduce temperatures, spread shadows, and improve air quality. A pleasant experience is walking through a park during the commute to work, and increasing the greenness around the workplace increased the overall physical activities of adults (Marquet et al., 2020), and having a cleaner air which encourages walking (James et al., 2017). Most frameworks use greenness and parks in their assessments of walkability, as will be discussed in greater detail in Evaluation and Measurements of Walkability (Dills et al., 2012).
Transit Hubs and Transit-Oriented Development
The objective of Transit-Oriented Development (TOD) is to encourage the use of public transport by placing the residential and commercial areas within a walking distance from public transportation points. A positive effect of TOD is the reduction of car ownership and usage, which in turn reduces the carbon footprint of urban centers as well as traffic congestion, and by saving spaces usually allocated for parking, more land becomes accessible for housing, parks and green spaces, and economic activities. Walkability is a core element of TOD since walking is the main mode of transportation to travel short distances between the destinations and the transportation station or hub. Connective, direct, and comfortable walking are major factors necessary to improve access to transit. Through microlevels of improvement in walking infrastructures, the effective radius of walkability can be further improved and extended (Park et al., 2015). TOD revolves around the availability of inexpensive and reliable public transportation such as metro subways and public buses that allow pedestrians to reach to public transportations stations by walking and then commuting to and from work. Studies such as Jeffrey et al. (2019) have found that train stations located in older, more walkable, and dense areas are more heavily used than train stations in developing areas with less walkability and less population.
The use of public transportation contributes to the reductions of greenhouse emissions and traffic congestion; however, many pedestrians using the transit services have to move through unwalkable conditions between their destination and the transit station, and cannot possibly make a continuous walking trip to endangering their health and safety (Shaheen and Chan, 2016; Chidambara, 2019). Discontent of residents might surface when the developers and governments neglect designing safe, connective, walkable infrastructure for pedestrians, and prioritize designing the infrastructure to address the increasing number of automobiles and congested traffic to levels that encroach on open public spaces and suffocate access to transit stations (Noland et al., 2017; Lamour et al., 2019). Ironically, diminishing the walkability around transit hubs and limiting access to public transportation in the pursuit of solving traffic congestion will ultimately force residents onto more dependency on private vehicles, thus aggravating the problem of traffic congestion even more.
Pedestrian Thermal Safety and Comfort
Thermal comfort is a significant factor in influencing pedestrians’ decision to walk. Increasing temperatures due to global warming as well as the excess heat generated by urban centers, known as urban heat islands, add to the challenges of walkability and pedestrian safety. Long-term health benefits of outdoor physical activity might be offset by unpleasant weather conditions and extreme thermal discomfort in addition to thermal health risks such as hypothermia and frostbite in cold weather and sun stroke and heat exhaustion in hot weather (Donny Koerniawan, 2014; Ebrahimabadi et al., 2015; Rakha, 2015; Yao et al., 2018). Thermal discomfort leads to unintended consequences in transportation patterns. The decline in walking and cycling is met with an increased adoption and use of private automobiles and, in some cases, public transportation. Public transportation that depends on walking or biking to transit stations will face a challenge and private cars will often be relied on more heavily (Shaaban et al., 2017; Silva and Akleh, 2018). Nonetheless, in most walkability frameworks, thermal safety is given much lower priority than connectivity or features of the built environment. Even an index such as Walk Score does not give any considerations to thermal factors.
Thermal comfort is subjective and differs between individuals but only within boundaries of human physiology. The main concept behind thermal comfort is thermal equilibrium between the human body and the surrounding environment. Different evaluation methods of thermal comforts aim at correlating individual’s thermal sensations with measured thermal parameters such as temperature, humidity, and wind speed. The physiological condition of the individual also plays a part, where their level of physical activity, age, and health status might yield differences in perceived thermal comfort. Recent case studies point out that thermal sensation exists on three levels: physical, physiological, and psychological. Sensation of the temperature is heavily influenced by psychological factors even when physical parameters and physiological parameters are controlled. Some methods to measure thermal comforts are Universal Thermal Climate Index (UTCI), Predicted Mean Vote (PMV), Physiological Equivalent Temperature (PET), and Standard Effective Temperature (SET) (Nikolopoulou and Steemers, 2003; Elnabawi and Hamza, 2020).
Thermal comfort remains an unsolved challenge in urban planning. Weather challenges are globally diverse in terms of temperature, humidity, and wind speed, and mitigation efforts differ greatly. In addition to organizational and policy challenges, urban planners struggle to find tools for estimating extreme conditions such as snow accumulation, rain, and sandstorms in both cold and hot climates (Atef Elhamy Kamel, 2013; Ebrahimabadi et al., 2015; Rahman and Nahiduzzaman, 2019). Thermal discomfort is seasonal and temporal in nature; in hot climates, walkable distance correlates with the particular season and the time of day, with people being able to walk significantly less during the afternoon and significantly more at night. This is flipped in cold climates, where walkability increases during the daytime and decreases during the colder night. Walking during the summer in hot climates or the winter in cold climates can be a risky endeavor since even thermal comfort mitigation solutions cannot compensate for extreme differences in temperature (Chapman et al., 2017; Shaaban et al., 2017; Shaaban et al., 2018).
Understanding of the effect of the built environment and how this is translated onto thermal stress levels with the pedestrians is still limited. Thermal measurements are often taken by weather stations but do not accurately represent the thermal experience of the pedestrian, and how it is affected by shade, sunlight greenery, and the thermal mass of the surrounding environment. Several recent works attempt to measure the thermal comfort of the microclimate in which pedestrians are present, using wearable sensors (Nakayoshi et al., 2014; Chokhachian et al., 2018; Mamun and Yuce, 2019; Pigliautile et al., 2021). Another approach would be the use of thermal imaging using drone technology, which in this case would be capable of measuring the thermal conditions of surfaces within the range of the infrared thermography, as well as temperature and humidity using the sensors embedded on the drone (Fabbri and Costanzo, 2020).
Strategies to mitigate thermal discomfort and improve thermal safety differ by the type of climate. In the phases of urban design, design of street orientation for thermal comfort is possible by engineering the orientation of streets to have the maximum shade in hot hours (Sharmin and Steemers, 2013; Silva, 2017; Rodríguez-Algeciras et al., 2018). In hot climates, shading, vegetation, and white surfaces are some strategies that have been found to increase thermal comfort and the specific use of evaporative techniques in arid hot climates (Taleghani, 2018).
Pedestrian Road Safety
The perception of road safety influences the levels of walking and cycling in the community, particularly among the elderly and children. The presence of appropriate well-designed walking and crossing facilities can encourage pedestrians to walk (Sisiopiku and Akin, 2003; Timperio et al., 2004; Giles-Corti et al., 2011)
Pedestrian safety in the context of built environment, as per a top down conceptual top-down framework introduced by Siqueira et al. (2021), is determined on three scales, first in the development scale: density, urban sprawl and expansion, and regional development describes the development patterns and urban planning requirements. Secondly on the local scale: the roadway design and pedestrian infrastructure, including signs and crossing markings. Thirdly, on the street scale, with factors such as the traffic volumes and traffic speeds. These interact with factors such as the driver’s behaviors, the demographic breakdown of pedestrians primarily, age, and the physical abilities, and potential distractions on the road such as the use of smart phones.
Factors that control and mitigate the pedestrian accidents include the need to cross traffic intersections. Wider roads, higher number of lanes, and higher speed limits are associated with higher accident rates and less feeling of safety (Gårder, 2004).
EVALUATION AND MEASUREMENTS OF WALKABILITY
There is no single universal measure that can capture all the significant factors of walkability due to the variety of built environments, cultures, and climates. Measuring walkability can be done via analysis of the surrounding of the attributes of the built environment and aggregated into a singular walkability index or score. There are several software programs, code libraries, and commercial services that investigate the walkability of a neighborhood. One subjective measurement of walkability is surveys; self-reported activities are also common and used to capture the feelings and behaviors of pedestrians and help highlight aspects that cannot be captured by objective technical analysis.
Walkability measures are generally classified into three categories: objective measures, subjective measures, and distinctive measures (Maghelal and Capp, 2011). These types are explained in Figure 4.
[image: Figure 4]FIGURE 4 | Walkability measures types. Modified from Maghelal and Capp (2011).
Measuring Walkability Through Objective Indices
Objective indices of walkability evaluate the presence of desirable features in the studied area. These features include greenness, access to public transportation, and the presence of amenities. Whether commuting for work or non-work purposes, objective walkability indices are indicators of the quality of the ease and comfort of walking in a neighborhood via scientifically measurable parameters. Below are some of these parameters, most of which are based on geospatial information systems (GIS):
• Land Use Diversity Index (LDI)
The land diversity index (LUDI) Yoshida and Tanaka (2005) measures the diversity use purposes of the land. It is relevant because it measures how easily residents can enjoy different necessary amenities and services in a close vicinity with limited use of car transportation, which improves livability (Litman, 2017). Mix land use also has been correlated to higher rates of walking and lower body BMI (Brown et al., 2009). The land use index is useful for measuring walkability and usefulness of public transport. There are many approaches to formulate LUDI, such as Danielle Comer a, J. Scott Greene or Yoshida and Tanaka (2005). One interpretation of the Shannon entropy formula by Manaugh and Kreider (2013) takes into account the following: the ratio of the area of land-use type over the total area of the study zone, and the number of different land-uses within study zone.
For this index, the constituent parameters can be selected according to the local context of the studied area, for example mix land use may include or exclude certain types of residential buildings or dormitories, commercial spaces such as grocery stores, restaurants and/or coffee shops, institutional spaces such as schools or police stations, entertainment hubs such as cinemas, and recreational spaces such as gyms or parks.
• Intersection Density Index (IDI)
Intersection density index (IDI) is simple to calculate, by simply counting the number of street intersections in a defined area. Higher intersection density means that reaching a destination is relatively easy and direct (Shashank and Schuurman, 2019). IDI is indirectly correlated to block length, which, as mentioned above, is one of the major inputs used to calculate in walkability indicators such as WalkScore.
• Public Transportation Accessibility Index (PTAI)
The public accessibility transport index (PTAI) measures the connectivity of buses, trams, and subway metros. The connectivity offered by public transport extends the effective traveling range of users without a private car, contributes to lower CO2 emissions, and reduces stress on transportation resources. Higher PTAI indicates the ability of the population to avoid using private cars when accessing local recreational and entertainment facilities that are traditionally too far away to be reached by walking. This encourages walking to the public transport. Higher PTAI score indicates the mitigation of long average distance or time and is a strong indication of good implementation of TOD principles. The PTAI can be calculated using GIS such as Network Analyst (Brown et al., 2009; McCormack et al., 2012).
• Pedestrian Route Directness Index (PRD)
PRD aggregated over all amenities and destinations. Being closer the number to 1 indicates higher efficiency of walking. Higher street intersections usually indicate a good walking connectivity as shortcuts to the efficient routes are more prevalent. The PRD can be calculated by simply diving the length of the walking routes over the geodesical distance between the origin point and the destination (Stangl, 2012).
• Population Density Index (PDI)
The population density index (PDI) measures the number of populations living or commuting in an area. PDI correlates positively with a sense of community and safety from crime. In addition, higher population density attracts commercial, entertainment, and recreational amenities. Therefore, the average walking time is usually shorter due to the abundance of destinations within a small proximity (Duncan et al., 2013).
• Normalized Difference Vegetation Index (NDVI)
Normalized Difference Vegetation Index (NDVI) is an image processing-based index that measures the vegetation of an area from satellite red and infrared images integrated with GIS data, and was introduced by Tucker (1979). It is an index used widely in literature and can measure the effect of not only parks and greenspaces but also street vegetation that provides shade and aesthetic comfort. The NDVI of an image is calculated from distinguishing the red and near infra-red color bands of an image. Cooler image temperatures usually indicate denser greenery (Samarasekara et al., 2011).
Subjective Walkability Evaluation
Diverging from the quantified objective GIS-based indices mentioned in the previous section, subjective walkability evaluations are done through surveys, focus group discussions, interviews, and audits. Subjective evaluations, especially interviews, offer insights into zone-specific context and help assign priorities in walkability frameworks and responses differ based on socioeconomic conditions, demographics, and local culture. Understanding the social dimension of walkability requires the engagement with the individuals of the neighborhood and the nature of social connections (van den Berg et al., 2017).
The most common subjective tools are surveys, since they are capable of covering larger samples, and they measure the pedestrian satisfaction levels in certain regions. Other methods include focus group discussions, which allow for in-depth insights especially for specific demographic lines, such as gender (Golan et al., 2019), or a specific aspect such as pedestrian safety (Villaveces et al., 2012). Subjective evaluations are particularly useful in revealing the pedestrian priorities and identifying the barriers to walking, for example subjective evaluations from hot climates highlight the importance of thermal comfort, while this factor receives less emphasis in the much cooler developed countries. Subjective walkability evaluations are effective tools to investigate pedestrian satisfaction and experience and nudge the research and analysis into effective directions (Atef Elhamy Kamel, 2013; Mohamed et al., 2016). Furthermore, subjective evaluations can identify efficient solutions for walkability issues by individuals with intimate knowledge with the investigated site, for example, a survey conducted by Azzali and Sabour (2018) found that the student and staff of Qatar University suggested improving campus walkability was simply to increase shading in their pathways from the parking to the lecture halls. This suggestion succeeded in identifying the sun radiation as the prominent factor in making that environment unwalkable and dispel with the assumption stating that environment cannot become walkable due to the high temperatures. Such surveys can act as priors to guide more detailed objective analyses, or even become the evidence driving policy action when faced with time constraints. Most subjective evaluations focus on people’s perceptions, and by contrasting the results with objective measurements, it is possible to compare the results to reach estimations of an optimal environment (Lin and Moudon, 2010).
Pedestrian perceptions of surrounding amenities are correlated through walkability frameworks such as the Walkable and Bikeable Community (WBC) project (Lin and Moudon, 2010), which measures the perceptions of pedestrians through simple yes-or-no questions that are then compared with objective measures from the same zones. The participant’s perception of the destinations at which they frequent, and their actual number will be studied, as well as the perception of the presence of shops and their actual level of accessibility. The perceived opportunities to exercise recreational physical activity whether indoors or outdoors can be contrasted with the number, size, and quality of the existing facilities; perceptions of traffic will be contrasted with the actual traffic volume and speed; perceptions of footpaths for walking will be compared to an audit of the size, width, connectivity and quality of footpaths; opinions on the aesthetics factors of the surrounding environment will also be discussed alongside quantification.
New factors have been introduced recently, such as sky view factor. It indicates the portion of the sky that is visible. It is an open space factor, which correlates to the ratio of parks to other land as well as air temperature and thermal comfort (Donny Koerniawan, 2014). According to subjective evaluations done in GCC countries, comparative analysis of three different walkability indices in Canadian districts showed a variation in walkability results. In addition, most studies give a walkability result for the entire year without consideration to variation in weather that occurs throughout the year (Shashank and Schuurman, 2019).
New evaluation methods have even emerged from advancements in image processing and computer vision. By processing and evaluating pictures and satellite images as well as traffic information of studied zones, Yencha (2019) analyzed 60,000 house transactions in Ohio, United States using panorama images. The results found that the property value increased with accessibility to sidewalks and comfortable footpaths as well as other walkability-related built environment factors such as street lighting. Computer vision in this case is successful in indicating socioeconomic development challenges in certain neighborhoods. Other works are dedicated to translating opinion-based subjective measures to predictable objective measures using neural networks (Sabzali Yameqani and Alesheikh, 2019).
Frameworks to Evaluate Walkability
Several walkability frameworks are well established already, and some are used by national urban development agencies. Specific features of the built environment are evaluated. For example, researchers have studied the aesthetic cues of the environment, sidewalks, and comfort levels. An effective methodology is street segmentation, which consists of analyzing every segment for its pavement quality, accessibility, and connectivity. In the following, a few frequently used walkability evaluation frameworks.
Pedestrian Environment Review System
This is an auditing tool for pedestrian walkability evaluations. The PERS tool is based on objective assessments of on-street images and GIS-based data. This tool is widely used by urban planning agencies in the United Kingdom. PERS is developed to assess walkability in the presence of links, bridges, public spaces such as parks, and public transport. PERS software, sold by the TRL Group, gives a special emphasis to walkability to public transportation modes and interchanges since a large segment of the population uses public transportation to commute to work. Each node, representing a building or a significant point, is rated according to connectivity on a point system.
5C Framework
This framework defines five essential attributes of the built environment required for walkability. It is built on five “C” following attributes:
1) Convenient: Open urban spaces such as walkways, parks, and other venues for physical activity must be close to the locations of pedestrian’s constant presence such as their residential areas or work spots. Walking in this case must be a viable alternative in terms of time, money, and effort.
2) Connected: Urban open spaces should be consistent with sustainable design principles, protect the environment, and maximize social connectivity.
3) Conspicuous: This is the concept that urban open spaces must be clearly designated and protected from traffic, encroachment, and must be regularly maintained and cleaned.
4) Convivial: Convivial urban design focuses on making spaces pleasant and enjoyable for pedestrians. The urban space should be designed to create a sense of community.
5) Comfortable: Comfortable walking should consider safe, spacious, walkways that are protected from harsh weather, excessive sunlight, and speeding traffic noise and emission as well as prioritize providing opportunities for rest and shelter.
7C Framework
Building on the previous five factors, Moura et al. (2017) have proposed two additional attributes. They are as follows:
6) Coexistence: This is the presence of different transportation modes within the same area that allow the pedestrians to fill their own diverse needs. In addition, this factor evaluates the negative dominance of automobile traffic, which is one of the major safety concerns with pedestrians and gives them a sense of inferiority (Koh and Wong, 2013). This feeling can be exacerbated in the GCC with the dominance of large SUV automobiles. The safety of pedestrians is severely compromised by careless drivers who often engage in dangerous activities such as talking on the phone while driving. Crossing the street from driver’s blind spots also poses a safety concern for pedestrians (Suarez-Balcazar et al., 2020).
7) Commitment: This refers to the commitment of local authorities and agencies to support a walkable, healthy environment.
Pedestrian Environment Data Scan
The PEDS tool analyzes 78 measures that describe the built environment and the pedestrian footpath quality of street segments. PEDS is carefully designed to change the weight of the attributes according to the purpose of the walk whether it is to transit stations, walk to work, or walk for pleasure. The analysis includes the land mix use attributes and the greenness factors.
Neighborhood Environment Walkability Scale
NEWS focuses on parameters describing the livability in a Neighborhood. NEWS is based on self-reporting by the participants in surveys in regard to safety from crime, aesthetics, traffic, and environment (Zuniga-Teran et al., 2017). The major factors evaluated in NEWS are residential density, accessibility to non-residential land uses, street connectivity, places for walking and cycling, neighborhood surroundings, safety, and satisfaction.
The Walking Suitability Index of the Territory
This is a composite index introduced by Appolloni et al. (2019). TWSI consists of major categories: practicability, safety, urbanity, and appeal. The Practically category measures the Sidewalk surface obstacles, and slope. Safety measures safeguard from vehicles, road lighting, and facilitate safe crossing. Urbanity, which is defined by the quality of urban life, measures the hospitability of the sidewalk to pedestrians. The major indicators are sidewalk width, availability of street furniture such as benches and shade, or a mixture of activities denoted by an activity mix indicator. The fourth category, appeal, measures traffic’s ability to disturb walking by noise from high speeds and building stock, which denotes the visual appeal of the surrounding buildings. The final and most important indicator, vegetation, measures the greenness of the planted strips on sidewalks and the surrounding environment.
Commercial Walkability Measure: Walk Score
Walk Score is an aggregate index provided by the private company Walk Score and is used to evaluate walkability in urban areas via a singular evaluation number of 100. Walk Score aims at being a factor in real estate pricing. Multiple researchers have analyzed housing prices in the United States and their correlation with the Walk Score indicator.
The methodology used to calculate Walk Score (Cohen and Davies, 1995) is based on two independent categories of evaluation. The first is the presence of amenities such as restaurants, grocery stores, shopping, schools, and parks where each of amenities is assigned a weight factor. The other category is pedestrian friendliness, which is evaluated using two indicators: the intersection density, measured by the number of intersections per square mile, and average block length. A highly walkable neighborhood has a high density of diverse amenities, high intersection density, and short average block length. Walk Score aims to use the index as a tool to influence housing prices, as walkability is not only a cursor of sustainability but also livability. Cortright (2009) analyzed the property prices in 15 United States cities, and found that on average walkability corresponds to higher property value. Furthermore, Pivo and Fisher (Pivo and Fisher, 2011) found that houses in walkable neighbourhood were characterized with lower caps rates and higher incomes, indicating that walkable neighborhoods have a favorable position in real estate and investment markets. However, there might be other factors that affect the influence of walkability on housing prices. Outside the United States, Zhang et al. found that walkability is negatively correlated to real estate value in Futian District, China (Zhang et al., 2019). This is due to factors related to the economic activities in the region and is unrelated to walkability. Similarly, there is no correlation as in the case of Seoul, Korea (Kim and Kim, 2020).
While it is a valuable tool to quickly evaluate a walkability scene, Walk Score does not consider other critical factors in inspiring the decision to walk such as greenness (Marquet et al., 2020), air quality (Howell et al., 2019), pavement quality, or thermal comfort (Atef Elhamy Kamel, 2013).
CONCLUSION
The conceptual correlations, and to a lesser extent practical correlation, between walkability from one side, sustainability, livability, and health from the other have been well defined in recent literature; walkability has been shown to be a reconciling solution that can serve long-term sustainability, short-term livability goals, and health of individuals. Improving walkability not only contributes to more efficient use of energy but also adds vibrancy by improving resident, tourist, and visitor access.
With more than one billion people suffering from some form of mobility challenge according to the World Health Organization (WHO), future walkability endeavors will aim to make the conditions of the built environment more inclusive. Nonetheless, tools and methods analyzing accessibility and walkability for the disadvantaged and disabled leave more to be desired, as they rarely consider the details that harshly influence the access and connectivity of people with wheelchairs. Economically disadvantaged communities rely on walking as a cost-free mode of transportation. Improving the walking infrastructure improves their access to services and job opportunities, which in turn promotes better social health and social capital. While the correlation between walkability and sociability is not necessarily linear as shown in data from short-term studies, we hypothesize that increasing the interactions between different classes of society will help improve social mobility and remove ethno-racial sensitivities in the long term. This has yet to be proven academically and should be the subject of further studies.
The health benefits of walking and outdoor exercises will likely be more heavily promoted in the aftermath of the COVID-19 pandemic. Walkability and physical activity in general are associated with better health conditions and the reduction of non-chronic diseases. Older populations with health issues and those with pre-existing conditions were more susceptible to death from COVID-19. Walking outdoors and exposure to the sun is correlated to vitamin D deficiency, which affects the immune system (Van den Heuvel et al., 2013; Grant et al., 2020; McCartney and Byrne, 2020).
With the near ubiquity of GPS-equipped smartphones, more research can be done to investigate the actual walking behavior and movement patterns of pedestrians (Marra et al., 2019; Yamagata et al., 2019; Mooney et al., 2020). GPS apps can be used by pedestrians to identify and flag issues seen on the streets that affect their access and walkability, creating a real-time feedback mechanism that mitigates errors and omissions from memories and identifies the unstructured routes and shortcuts actually taken by pedestrians (Lue and Miller, 2019).
Thermal stress/comfort and air quality are major challenges to the walking experience, but they are poorly quantified in current evaluation and audits due to the lack of sufficient data. Thermal sensation is only implicitly expressed within the presence of vegetation or shading or lumped under the comfort indices, while this is reasonable in moderate climates where many of the studies are conducted. Nonetheless, thermal stress in hot climates becomes an issue of safety that stymie most outdoor activities, including walking, or/and easily negates any positive features of the built environment. Similarly, air pollution nullifies the health benefits from walking outdoors, and induces a slew of respiratory and cardiovascular diseases. To understand how both issues influence pedestrians, recent studies opted to collect microclimate environmental measurements during the walking experience using wearable and portable suites of sensors. This pedestrian-centered approach is still in its infancy and has a room for development in improving the measurements hardware, covering more diverse microclimates, simulating the pedestrian experience of a more diverse demographics, or/and measuring the difficulty of purpose-defined trips such as trips to transit stations.
There is a need for a framework of walkability that emphasizes thermal safety and air quality, especially with respect to different demographics and activities. Walkability frameworks need to be more sensitive to the microclimate and thermal comfort factors, which greatly influence the pedestrian's decision to walk. One reason is that weather and climate measurements are traditionally taken on the district level, and data understanding of the microclimate and how it is influenced by the built environment, and how it is exposed to the pedestrians.
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Sustainability

Global or national scale, with holistic and
integrative approach across multiple sectors

Long time, decades, or generations

Concerned with the impact on the future

Policies and actions are difficult to reverse and
correct due to complex organizational
structures

Economic incentives and nucges are harder to
manage and implement due to the large
economic scale involved. Incentives or fines
might be insensitive to local contexts

Static view for balance between social,
economic, and environmental aspects. It
should not fluctuate with changes of public
opinions,

Some of the corrective actions pertaining to
regulatory bodies take longer time, and more
complex with many extrinsic correlations,
mainly due to structural economic significances

Ideally, sustainabiity encourages low-carbon
transportation modes, such as public
transportation; foot, bike, or public
transportation, and discourages private
transportation

Sustainabilty often calls for reducing the
emissions per capital o achieve a global
reduction on a global scale. Therefore, more
densely populated areas theoretically reduce
emissions per capita due to pooling resources.

Sustainabilty cals for reducing the use of
natural resources, which might reguiate the
avaiabity and affordabilty of consumer
products

Reduction of waste per individual, collectable,
and separable waste that is easy to process
and recycle

Condensing population theoretically leads to
efficient pooling of resources, hence, lower
emissions per capita, as energy intensive
activities are sourced outside urban boundaries

Practical impacts are indirect and only visible on
the long term

Health is not clearly pronounced as one of the
three pillars of sustainabiity. However, it is the
Goal 3 of the UN's Sustainable Development
Goals. Environmental pollution has negative
impact on heath

Livability

Localities: municipalities and Neighborhood
scale

Short time, months, or years

Concerned with the impact on the present

Policies and actions can be quickly reversed and
corrected due to simpler organizational
structures

Economic incentives and nucges are easier to
manage and implement

Opposing undesirable national or global trends
might be difficult

Dynamic view driven by the needs and
preferences of the populace

Corrective actions are faster and easier, while
many of the corrective actions serve
sustainability goals, the main driver is the
satisfaction of the population

A mix of transportation modes that prioritize
convenience at different circumstances.
However, the use of private cars is coveted due
to freedom of movement, privacy, and social
connotations

Increasing population density beyond certain
thresholds leadis to unhealth concentration of
emissions, which negate the health benefits
from walkabilty, which is often not noticed unti it
exceeds extreme levels such as strong smog.
Although the compactness makes many
economic activiies more accessible and
commercial scene more vibrant

Continuous affordabilty and availabilty of
products are associated with mass production
practices that might not necessarily be
sustainable

Concentrated waste of large quantities which is
easier to collect, yet it must be transported to
appropriate locations, mostly outside the urban
areas, to process and recycle

Urban heat islands increase the need for air
conditioning, which consume high amounts of
energy

Practical impact is direct and clear on the short
term

Indicators of obesity and diabetes are
considered in livability incices, where lack of
access to locations on foot results in a lack of
physical activity

However, deteriorating environmental indicators
due to unmanaged population density might
negate these benefits

Tension resolution

Determining the boundaries of authorities
Livabilty needs sustainabiity to create national
as well as global policies

Sustainabiity needs vabilty to influence
behavior at the micro level

Tension between present and future needs.
Sustainable livabilty can demonstrate benefits
Livabiity proves the practical positive resuts of
sustainability policies; for example,
improvements toward cleaner airin urban areas
generate wider support than air quality
improvements on a global scale

Trickling down sustainability-oriented policies
and regulations to the local levels

Implementing and managing more economic
incentives on the local level with an easiy
measurable impact on livabiity and
sustainabilty

An example of this resolution is economic
incentives to install residential solar energy
systems in areas suffering from excessive load
on the grid

Developing sustainabilty strategies with buit-in
resiience and flexibilty to respond to evoling
the patterns and trends

Rely on livable sustainabiity for faster mitigative
corrective actions while building the inclusive
strategy of sustainabity. Examples include
improving walkabilty and air quality in densely
populated zones, or estabiishment of small and
medium recycling facilities on the local level to
handle waste from residential areas, faster than
relying on mega recyciing projects. Another
example is expansion of pedestrian spaces on
the expense of vehicles in certain shopping
areas

Seeking a balanced transportation mix to
ensure accessibility with the minimal emissions
possible

Controling transportation emissions,
decreasing vehicle transportation of the
resident’s movement by improving wakabilty
and accessibilty. Expanding the green cover of
the city

Reconcilng sustainability with productions
methods, while increasing the efficiency of
consumption processes

Holistic management approaches through
strategies such as circular economy

Increasing vegetation, decreasing traffic to
reduce the severity of urban heat islands.
Improving accountabilty of consumption
activities

Sustainable livabilty as a concept that
reconailes the needs to higher quality of fe and
utiization of resources whi minimizing stress
on environment

Clean environment, clean air, and space to
engage in physical activity are necessary for
healthy population. Walkability and walking are
major features for sustainable livabity
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