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Walkability is becoming a popular buzzword in planning cities that suffers high level of pollution due to,
amongst others, emission from automobiles are embracing walkability in order to reap its benefits. In
addition to that, walkability is the measure of how satisfactorily the transportation system meets the need
of walking of the community. Several studies around the world have put great efforts to highlight the
importance of walkability in urban as it is an important measure in determining a better environment. There
is a strong relationship between walkability, sustainable transportation and the environment. In addition to
that, walkability is a concept that is consistent with sustainable development and transportation system due
to its economic, social and environmental benefits. Walkability satisfaction rating within a localized
neighborhood can be measured at the macro level with the aid of GIS at the initial development stages. The
methods and techniques used are varying and no single walkability assessment tool can be designed to suit
different environmental conditions. Different groups of societies for whom the theoretical and practical
perception of cities development vary, or different types of neighborhoods with different needs would
warrant different approaches. Therefore, this paper examines the methods, techniques and indicators that
have been used to measure walkability and highlights the important benefits of improving walkability in
the built environment. Moreover it also describes the relationship between walkability, sustainable
transportation and environment.
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1.0 INTRODUCTION Although there are advantages of developing buildings and
maintaining a better living for human by providing a good
transportation for travelling, it does make walking more difficult
and unfortunately more unpleasant. Other than that there is a close

relationship between walking and human being in term of health

In the past, most of the people around the world used to walk for
their daily life activities and it was the only way that has been used
to do their activities. Nowadays, the demand for automobile is

growing as vehicles are seen as the main transportation that has
been used by people in order to reach their desired destinations.
Moreover, in several part of the world there are many who still
belief that owning cars will definitively solve mobility problems.

This is somehow related to the actual concept of the
transportation system which prioritizes fast means of mobility at
the expense sometimes of slow ones. Few years ago, walking has
become a central issue in research works especially in the USA due
to the benefits that it offers. Methods and techniques to quantify
and audit the level of satisfaction that the actual routes system
provide to pedestrians were the focus of several research works in
order to find ways to improve walking habit of citizens by
providing effective pedestrians facilities and favorable
environment for the community.

issues, people who use to walk in a regular basis they have the
greatest gain to the health of general population. In another words,
encouraging people to walk will create a better health condition and
a healthier human being [1]. There are many advantages of walking
such as low risk of diabetes, loss weight/weight control, less blood
pressure, less risk of cancer etc. For example in Malaysia, citizen
of the capital city (Kuala Lumpur) are ranked as the highest in level
of obesity among 12 other Asian cities [2].

Recently, a survey revealed that there is a 280 per cent
increase in obesity in Malaysian adults as compared to the survey
done in 1996 [3]. Moreover, statistics for 2010 show that about 60
per cent of the Malaysian population is overweight. The argument
to this statistics shows certain factors that contribute to the low
interest of the Malaysian people towards walking activities. One of

65:3 (2013) 85-90 | www.jurnalteknologi.utm.my | elSSN 2180-3722 | ISSN 0127-9696



86 Rozana Zakaria et al. / JurnalTeknologi (Sciences & Engineering) 65:3 (2013) 85-90

the factors is the lack of suitable walking facilities in local
neighborhood [4-6].

2.0 A SUSTAINABLE DEVELOPMENT CONCEPT

The most accepted definition of sustainability is the one that was in
1987 by the Organization for Economic Cooperation and
Development (OECD) in terms of terms of the development path
along which today’s generation’s well-being are maximized
without undermining the future well-being. The sustainability
concept is tridimensional: economic, social and Environmental.

Sustainable development is the act of balancing the fulfillment
of human needs and results in protection of the environment. These
needs can be met not only in the present, but also in the future.

The World Committee on Environment and Development, or
more popularly known as the (Brundtland Commission) set up by
the United Nations General Assembly and clearly defined the
sustainable development as development that “meets the needs of
the present without compromising the ability of future generations
to meet their own needs”[7], as shown in (Figure 1).

The construction industry is reflected by the progress of
sustainable development fundamentals; which are social, economic
and environmental factors. Therefore, it’s necessary for developing
countries like Malaysia to have the ability in assessing
sustainability of their construction projects by using a combination
of environmental, social and economic factors[8].

Many projects destroy our natural resources and natural areas
by affecting their microclimates. For instant, the ecosystem may be
affected by the heat generated from road surfaces and buildings,
which are commonly referred to as the heat island effect [9]. A
sustainable building also considers how the building will affect the
environment through its deconstruction.** Furthermore, providing
a sustainable building is not only to mitigate all environmental
impacts but also to produce buildings that exist harmoniously with
their natural surroundings and bring benefits to their occupants.

Environmental
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Figure 1 The integration of environmental, social and economical elements
of a sustainable development

There are many challenges that may be associated with the
building and construction sector. This sector provides sufficient
shelter for all citizens and holds great importance to all human
activities as well as ecological and environmental aspects. For
example, sustainable design considers a building’s environmental
implications holistically, starting from the planning process to the
building’s deconstruction at the end of its useful life [10].
Therefore, a proper planning is important during the design phase
of construction projects and must consider all of the environmental
aspects in order to reduce their related impacts. Several studies also
showed that people who lived and worked in buildings that do not
provide outdoor views have a higher risk of running into health
problem [11].

3.0 THE IDEAL SUSTAINABLE TRANSPORTATION

In general, a sustainable transport implies a proper balance between
environmental, economic and social [12-15]. Although various
attempts have been made to define sustainable transport indicators
a key set of indicators that adequately reflects these qualities have
not been identified. Ideally, theory-based conceptions and
operationalisations of sustainable transport indicators should be
developed. Therefore, by defining a sustainable transport, and then
by deriving significant performance indicator to measure
sustainable transport. Thus, the transportation system impacts the
environmental aspect of the nature as it shapes neighborhood’s
visage. Sustainable transportation as part of sustainable
development is a tridimensional concept: economic, social and
environment. The OECD and the Canadian “Center for Sustainable
Transport” (CST) define sustainable transport system the one that:
=  Responds the wants of accessibility and mobility in individual
and society level with esteem on human and environment,
aiming to balance the wants of presence and future needs;
= Issufficient and effective, gives alternative options of modes
of transport, underpins a competitive economy and a balanced
territorial development;
= Reduces the emissions, uses alternative power resources and
minimizes the used space.

H4.0 THE CONCEPT OF WALKABILITY

In recent years, the term “walkability” is getting its popularity
among professionals in the aspect of built environment and in
several research studies, but is there still confusion in its definition
[16]. There are some difficulties in defining what walkability is in
a concrete way. Many non-design determinants such as land use
and housing density have been added and they play an important
role than design factors in defining walkability.

Walkability is defined as the measures of how friendly an area
is to walking. It differs from walking which is an activity while
walkability is a measure [14]. Walkability has several benefits for
human ranging from health, environmental and economic and is
influenced by the presence or absence and the quality of footpaths,
sidewalks and other pedestrian right of ways, traffic and road
conditions, land use patterns, building accessibility, and safety,
among others.

Many designers and walking advocates think of walkability as
the neighborhood with added some design characteristics. This
neighborhood “urban form” defined and measured at the
neighborhood level and it has some limitation on urban design and
practice as shown in (Figure 2).

Urban design
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street-level urban design attributes

Figure 2 Urban design major walkability variables
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In urban design practice, and in many existing urban areas, there is
little control over land use, density and street patterns unless there
is a design of a new town master plan. Changing of the street
patterns/zoning codes in an existing urban setting is difficult and
frequently beyond the urban designers’ scope [17].

Human beings are pedestrian. Each mode of transportation
comports walking segments. Every journey starts with walking and
ends up with walking [18]. But walking must not be taken for
granted. It needs to be planned by designers and community leaders
who develop land areas. Transportation systems control
substantially the way people move in the present and determine
how they will move in the future [19].

4.1 Pedestrian Friendly Environment

Nowadays, the sake of creating pedestrian friendly environment is
one parameter that governs neighborhoods sustainable
transportation system. Walking requires beyond just possessing
feet and legs; it requires walkable streets, the fundamental building
blocks of a sustainable city [20].
Moreover, spatial compactness, efficient access and
readability are the three key components that can support a
successful pedestrian environment. These components work
through land use plans, master plans, transportation plans, zoning
ordinances as well as their physical assets. This can be done by
encouraging an automobile alternative access with the use of transit
systems, and improving parking facilities.
By supporting pedestrian environment, accessibility will play
an important role in generating a larger population. In another word
if there is no sufficient access provided by the town planners,
regardless to their activities and desired destination with the quality
environment, the generation of a larger population cannot be
generated and results in a reduction of pedestrian environments.
Therefore, the provision of efficient access can be determined
as the second key component to support a pedestrian friendly
environment. While the first two key components (spatial
compactness and readability) aim to maintain a critical mass to
generate vitality in their pedestrian environments and provide
pedestrians with comfortable and pleasant experiences.
Pedestrian friendly streets must fulfill several conditions [21].
It is suggested that a typical pedestrian friendly street should
include the following elements:
= good interconnection of streets with small blocks model
narrower streets which are less favorable to vehicles speeds
well designed intersection to provide safe crossing
traffic calming to slow down vehicle speeds
wide and continuous sidewalk fully accessible with a proper
maintenance
= well-designed and marked crosswalks at intersections and
where needed, and at mid-block locations
=  appropriate use of signs and signals for both pedestrians and
motorists,

=  planting buffers with landscaping and street trees that provide
shelter and shade without obstructing sight distances,

=  street lighting designed to pedestrian scale (e.g., shorter light
poles and/or lower light fixtures that are designed to be
effective in illuminating the pedestrian travel way)

= Street furnishings and public art intended like benches, trash
receptacles, drinking fountains, and newspaper stands, which
do not obstruct the pedestrian way.

The Institute for Transportation and Development Policy
(ITDP), affirms that great city starts with great pedestrian friendly
environment which includes factors such us Streets crossing and
safety (low speed, presence of crossing signals, tighter turns,
narrowed lanes and small crossing distance, restriction on free
turns, speed bumps), sidewalks features (continuous, unobstructed,

shaded, well-lit, pedestrian island and curb extension),
accessibility, directness of the network, and pleasant and
interesting routes (artistic streetscape).

US Green Building Rating System, Leadership in Energy and
Environmental Design (LEED) has set out workable streets
features in its portion, Leadership in Energy and Environmental
Design for Neighborhood Development (LEED-ND), as function
of safety, appeal, comfort and health that provide the walkways to
users [19]. The concept of urban and neighborhoods developments
vary theoretically and practically from one region to another, and
that LEED-ND items cannot be applied worldwide integrally.

Kansas City Departments of Planning and Development and
Public Works categorizes four group of neighborhoods and uses
fives indicators (Directness, Continuity, Street Crossings, Visual
Interest and Amenities, and Security) and defines various level of
walkability that requires each group for a specific indicator [22].
The Kansas City walkability system recognizes particular needs for
each neighborhood group and seems to be more practicable.
Further, it sets targets to achieve for each walkability indicator.

In general, the basics factors of walkability are [23]:

= Accessibility,

= Convenience,

= Afttractiveness,

= Road safety,

= Personal safety.

The five groups of neighborhoods are:
= Pedestrian Zones, Great Pedestrian Streets
Mixed used & transportation Centers, Transit Zones
Neighborhood Activity Centers &Corridors
Schools/Parks
Walking to/from Transit
Other Areas within the city

4.2 Walkability and the Environment

The features of urban road environment such as route distance, the
topography, the weather condition and the neighborhood are the
important factors linked to walkability [24]. The land use, the
recreational areas, the road network and social factors are also
positively linked to walkability.3® the citizens walking level
increase substantially with convenient neighborhood environment
[29]. Moreover, they ascertain that shorter destination encourage
people walk. A study in Canada reveals that adult citizen’s level of
walking is positively correlated to absence of obstacle on their
desire route, maintained level, road safety, personal security, and
the directness of the street [25].

Through extensive study of literature review, the determinant
factors between walkability and the environment are the
accessibility of a destination, the type and mix of land use, the
convenience and maintenance of the pedestrian infrastructure
and the pedestrian road and personal safety [23]. The state of
knowledge of the link between the neighborhood environment and
walkability is still diffuse as no precise quantification exists yet.

4.3 Walkability Strength

The need in developing pedestrian friendly environment lies on the
principle that smart growth generates economic, social and
environmental benefits to which walkability contributes positively.
The tendency to undervalue walkability in planning and economic
evaluation is due to its difficult character to be quantified.
However, the author ascertains that walking ensures basic mobility,
warrants consumer cost savings and reduces external costs, allows
efficient land use, provides livability to community, improves
fitness and public health (heart disease, hypertension, stroke,
diabetes, obesity, osteoporosis, depression, some types of cancer),
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enhances economic development, and supports for equity for the
community [26].

The cost of sprawl to which walkability contributes to the
detraction of social, economical and environmental is summarized
in Table 1.

Table 1 Cost of sprawl

Economic Social Environmental

e Reduce accessibility e Reduced accessibility e Increased
and higher for people who are impervious
transportation cost. transport surface.

e Increased land disadvantaged. e Reduced
devoted to roads e Reduced housing greenspace and
and parking options. habitat.
facilities. e Increased external o Increased energy

e Increased costs to transport costs consumption and
provide public (crashes, facility pollution
services. costs, etc.). emission.

e Reduces economies e Degraded public o Aesthetic
of agglomeration. realm. degradation.

¢ Reduced economies e Reduced o Increased water
of scale in transit neighborhood pollution.
and other interaction and e Increased “heat
alternative modes. community cohesion. island” effects.

e Treats to e Reduced

environmentally

sensitive businesses preserve cultural

(e.g. farming and resources.

resorts). o Reduced exercise by
walking and cycling.

opportunities to

4.4 Measuring Walkability

Walkability assessment methods and techniques are numerous. For
instance, the Kansas City Departments of Planning and
Development and Public Works classifies into four categories of
methods of measuring walkability, which is summarizes in (Figure
3).

Neighborhood if

/ ¥ -
Methods of Citywide Walkabili i Community r
Measuring Measurements an Level Walkabiloty Project
Walkability Assessment Walkability self

Assessment Assessment

—

Address current
state of walkability
at macro level
indicators)

N
GIS Questionnaire Questionnaire Questionnaire
Technique survey or inter survey of survey of
rated technique citizens citizens
J

Figure 3 Methods and techniques of measuring walkability
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4.5 Indicators of Walkability

The first step to deductive operationalization of walkability, or
developing a composite walkability index, was to divide the
construct of walkability into a small number of more concrete and
tangible components, which are called “walkability components”.
There is no agreement on a single tool on measuring and
quantifying walkability. The walkability indicators are broad.
Park [27] defines, measures, and evaluates fifty two (52) Paths
Walkability Indicators, and a composite Walkability Index which
tests the impact on transit users’ mode choice and walking in

California. The composite Walkability Index components and
Paths Walkability Indicators are grouped accordingly and
summarized respectively in Table 2 and Table 3. Table 3 shows the
conceptual indicators of the 4 path walkability and their
components.

Table 2 Composite walkability index indicators [27]

Group Values Walkability Components K* Kv
I. Sense of [L. Sense of Safety in Pedestrian | 6.6
Safety Crossing Affected by Traffic
(from Study 21.6
traffic) 2. Sense of Safety in Pedestrian | 7.8
Crossing  Affected by

Crossing Facilities
B. Sense of Safety in Walking | 7.2
on the Sidewalk Affected by
Traffic

Il. Sense of W. Sense of Security from | 9.0
Security Existence of Others
(from 5. Sense of Security Affected | 13.8 |32.4
crime) by Visibility Night

6. Sense of Security from | 9.6
Visual Surveillance from
Nearby Buildings

Traditional transportation

Il. Comfort [7. Sidewalk Level-of-Service & |0.001
Continuity
8. Buffering Negative | 7.5 |10.6
Environmental Effects
9. Sense of Street Scale & | 3.0

Enclosure
cc IV. Conveni- [10. Ease of Pedestrian Crossing | 12.6
g2 ence 11. Easy Access to Local Stores | 8.4 |21.0
52 |V. Visual 12. Visual Variety 75 |14.4
Interest  [13. Visual Attractiveness 9.6
TOTAL 100 |[100

KC* = Components Weighting Factor
Kv = Values Weighting Factor

The coefficient Kv represents the importance of each value of
the composite index in the composite system. It shows that the
sense of security against crime is the highest need of the population
around the area of study. The traffic safety and the pedestrian
facilities convenience have the same importance and second the
sense of neighborhood security.

The findings also show that the indicators clustered under the
group of traditional transportation value have more than 60 percent
of the total weightage.

The index measures the walkability by integration of a walker

perception survey and measurement of factors of street urban
design. The results of the study emphasized the value of users’
perceptions such as security, safety and their comfortability.
The Path Walkability Indicator (PWI) will increase if the walking
conducive increases and the path indicator will decrease if the
driven conducive increases. Knowing this, it is possible to
influence positively the Path Indicator in order to enhance the level
of Walkability.

Galanis A. and Eliou Nikolaos (2011), measures in Greece,
segments of roads features using three main indicators which are
[23]:
= Road segment indicators which contain 22 elements
subdivided in two categories (pedestrian infrastructure and
street furniture),
= Corner indicator is composed of five elements, and
=  Cross-walk indicator made up with three components. The

authors use in their analysis the mean value for the road

segment indicators while the corner and the crosswalk
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indicators take into consideration as well the minimum and

maximum values.

After remarking that the walkability assessment in work place
is often overlooked develop an audit tool to address the issue. The
tool is comprised of nine independents indicators which are:

- pedestrian facilities,

- pedestrian-vehicle conflicts,

- crosswalks,

- route maintenance,

- walkway width,

- roadway buffer, universal accessibility,
- aesthetics and,

- shade.

The tool differs from traditional neighborhood walkability
assessment tools as it is applied for non residential campuses and

parks areas. It therefore diminishes the importance accorded to
traffic quantity and speed at the benefit of shaded areas and
recreational walking routes which the authors ascertain may be of
significant importance. However, the tool assess only single
segment of roads and cannot be used to measure the sufficiency of
road connectivity to the various places and their efficiency. In
addition, the weightage assigned to the attributes may not represent
the reality in different environmental condition. It might not be
surprising to weigh shade attribute as high importance in a hot,
humid and showery environment such as Malaysia. In such
conditions, the shade can be achieved through a shelter or by means
of trees planting. As shown in (Figure 4), there are 9 attributes
summarized and it is related to pedestrians and their elaborated
elements. Also, each attribute has its level of importance.

Table 3 Paths walkability indicators and 5 path walkability factors [27]

Factors Path Walkability Indicators Walking Conducive Driving Conducive
1. Average Number of Intermediaries / 500 ft. Sidewalk more less
2. Number of Mid-block Crossings / 500 ft. Block Length more less
3. Average Numbers of Street Furniture / 500 ft. Sidewalk more less
4. Average Number of Upper-Level Windows / 500 ft. more less
5.  Average Number of Street-Facing Entrances / 500 ft. more less
6. Average Ground-Level Luminosity after Sunset (fc.) higher lower
idewalk 7. Average Skyline Height (ft.) higher lower
As\:nz:']vi?ies 8.  Number of Traffic (_:alming Ele_ments /500 ft more less
9.  Percentage of Walking-Conducive Commercial Uses higher lower
10. Average Pedestrian-Level Facade Transparency higher lower
11. Average Width of Walking Zone (ft.) wider narrower
12. Average Building Height (ft.) higher lower
13. Average Width of On-street Parking wider narrower
14. Percentage of Sidewalk Length with Building Fagades higher lower
15. Percentage of Sidewalk Length with Special Pavement higher lower
16. Fence Coverage Rate lower higher
17. Pedestrian Signal Coverage Rate lower higher
18. Average Number of Traffic Lanes less more
19. Pedestrian Crossing Facility Design Index lower higher
. 20. Average Building Width (ft.) narrower wider
;rn:%faf::i 1. Pedestrian Crossing Coverage Rate lower higher
22. Average Width of Curb-to-Curb Roadway narrower wider
23. Average Width of Traffic Zone narrower wider
24. Percentage of Residential Uses (1st floor frontage) higher lower
25. Percentage of Sidewalk Covered by Tree Canopies (%) higher lower
26. Average Width of Bike Lane (both sides together) narrower wider
27. Average Width of Through Traffic Lanes narrower Wider
Street Scale [|28. Enclosure Ratio in Cross Section Il (BB Dist to Skyline) lower higher
and 29. Enclosure Ratio in Cross Section | (BB Dist to Bldg. Ht.) lower higher
Enclosure (30. Average Building-to-Building Distance (ft.) narrower Wider
31. Average Building Setbacks (ft) smaller larger
. 32. Average Number of Street Trees / 500 ft. Sidewalk more less
Lglizr:gri;::r?tlsng 33. Average Width of Landscape Strip (both sides) wider narrower
34. Average Width of Buffer Zone (both sides together) wider narrower
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Elamante Nacerrintinn

Jmm— ) w— ) Level of
“““““““““““““““ | importance
Pedestrian Presence of suitable walking surface such as sidewalk 1
facilities !
Potential for conflict with motor vehicle traffic because :
Pedestrian of driveway and loading dock crossing, speed and |
conflicts volume of traffic, large intersection and low pedestrian | High
visibility o . . < Importance
Crosswalks Presence and visibility of crosswalk on intersecting !
roads. Traffic signals have functional ‘walk’ light that :
provide sufficient crossing time. |
1
Maintenance [ Byckling pavement, overgrown vegetation, standing :
water, etc. on or near the path. Does not include
temporary problems (tall grass). 1
Path size Useful path width, accounting for barriers to passage !
such us utility, pole and signs mounted in the walkway. :
Buffer Space separating path from adjacent roadway. | Medium
Universal Ease of access for the mobility impaired. Q Importance
Accessibility Handrail accompanying steps, ramps to accommodate !
wheelchairs, etc. !
Includes proximity of fences and building noise, :
Aesthetic landscaping quality, and presence of pedestrian-
oriented features such as benches and water fountains. 1
1
1
———————————————————————————— 1 Low
Shade Amount of shade, accounting for different of day. |< Importance
___________________________ a I—

5.0 CONCLUSIONS

“People should not be forced to withdraw from the streets because
of the discomforts caused by traffic ’[30].

There is a necessity to enhance the quality of the environment and
to create a livable environment. For instance, the streets should be
economically healthy.

In general, the groups of indicators governing walkability are
sidewalk-related, traffic-related, security-related, and nearby
buildings and properties related. Due attention should be to those
factors in the early planning and design stage of neighborhood by
the community leaders in ensuring a satisfactorily level of
walkability. Walkability is also an important measure in
determining a better environment within a sustainable development
due to its economic, social and environmental benefits. At the end,
the main goal of conceptualizing the walkability indicators is to
understand how walkability can affect our life and to expand our
knowledge on how to measure and assess sustainability in the built
environment. In other words, creating more livable pedestrian
environments.
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