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ABSTRACT

Urban form and walking choice have complex relationships. Initial research has shown some drawbacks,
uncertainties, and no inclusive results regarding the impact of urban form on walking choice since previous studies
disregard walking purposes (utilitarian, transit, and non-utilitarian). The quantitative approach uses a statistical
analysis and scoring index from the International Physical Activity and Environmental Project, while the
qualitative approach applies a descriptive-analytic to describe travel behaviour and preference. The aims of this
research are (1) to measure the walkability index with the urban forms approach, (2) to analyze the travel
preference, travel behaviour for walking choice, (3) to see the effect of urban form on walking choice. The results
showed that only two areas are walkable (Grid 2 with WAI 4,58 and Grid 5 with WAI 0,87). Meanwhile, the rest
of the grids remained negative and had very low walkability indicators. Regarding walking preference, 63.40% of
respondents contributed to non-active walking choice, whereas only 36.6% accounted for walking as their basic
transportation mode. Interestingly, nearly 50% of walking preferences are done for non-utilitarian purposes since
walking is still needed to keep their bodies healthy. Besides, the urban form variables have differently impacted
on walking choice purposes. Firstly, walking for utilitarian purposes has been affected by entropy (P>{z} 0.049),
floor area ratio (P>{z} 0.039), and household density (P>{z} 0.038). Therefore, walking for transit purposes has
been influenced by connectivity (P>{z} 0.039), whereas walking for non-utilitarian purposes has been affected by
household density (P>{z} 0.031).
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ABSTRAK

Bentuk kota dan pemilihan moda berjalan kaki memiliki hubungan yang kompleks. Penelitian
sebelumnya menunjukkan kelemahan, ketidakpastian, dan tidak adanya hasil yang jelas terkait bagaimana
pengaruh bentuk kota terhadap pemilihan moda berjalan kaki. Hal ini disebabkan karena tidak mempertimbangkan
jenis-jenis pelaku pejalan kaki (utilitarian, transit, non-utilitarin). Penelitian ini menggunakan metoda kombinasi,
yaitu metoda kuantitatif dengan teknik analisis dan rumus indeks berjalan kaki dari IPEN Project dan analisis
skoring untuk melihat klasifikasi tingkat berjalan kaki. Kemudian, metoda kualitatif menggunakan teknik analysis
statistic deskriptif dengan distribusi frekuensi terkait perilaku perjalanan dan pemilihan moda transportasi.
Penelitian ini bertujuan untuk (1) mengukur indeks berjalan kaki dengan pendekatan bentuk kota, (2) menganalisis
pemilihan perilaku perjalanan, (3) menganalisis pengaruh bentuk kota terhadap pemilihan moda berjalan kaki.
Hasil analisis terlihat bahwa hanya 2 area saja yang termasuk ramah bagi pejalan kaki (Grid 2 dengan WAI 4,58
dan Grid 5 dengan WAI 0,87). Kemudian, hanya 36.6% responden yang menjawab berjalan kaki sebagai moda
transportasi utama, sementara sisanya menggunakan kendaraan. Menariknya, 50% responden berjalan kaki untuk
tujuan olahraga dan rekreasi (non-utilitarian) dengan alasan menjaga tubuh agar tetap sehat. Variabel bentuk kota
yang mempengaruhi pejalan utilitarian adalah entropi (P>{z} 0.049),, lantai bangunan (P>{z} 0.039), dan
kepadatan permukiman (P>{z} 0.038). Pejalan kaki transit hanya dipengaruhi oleh konektivitas (P>{z} 0.039) dan
pejalan kaki non-utilitarian hanya dipengaruhi oleh kepadatan permukiman (P>{z} 0.031).

Kata kunci : Bentuk kota, pejalan kaki utilitarian, transit, non-utilitarian, walkability
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1. INTRODUCTION

Previous studies have shown many critics and debates in urban form since it failed to
encourage cities to be walkable, raising social segregation, causing environmental degradation
and economic inequality (Alberti et al., 2007; Beatley et al., 1993; Coppola et al., 2014;
Heckman et al., 1999; Jabareen, 2006; US EPA, 2001; Williams, 2001). Ironically, many recent
city developments implicitly encourage civic society to use motorbikes, longer travel distances,
and travel switching to motorized transportation instead of using public transport in city areas.
Therefore, motorbike usages and ownerships in middle to low-income households also show
an upward trend in developing countries (Boulange et al., 2017; Handy & Clifton, 2001; Lee,
2020; Pickrell, 2015; Wang & Zhang, 2021). Sadly, active transportations like walking and
cycling have significantly decreased in urban areas (Boulange et al., 2017; Herrmann-Lunecke
etal., 2021; Ozawa et al., 2021). Generally, it has been debated whether the study of urban form
has a specific effect on urban sustainability, especially concerning how urban form could
encourage the social community to walk as their daily mobility and help decline motorbike
usage (Gim, 2015; Report, 2020). In addition, the study about the correlation between urban
form and walking choice has not been identified clearly and remains uncertain since previous
studies only studying from the perspective of travel preference, demand theory of walking
mode, and travel route choice (Alawadi, 2017; Bauman et al., 2002; Coppola et al., 2014; Crane,
1996; Hidayati et al., 2021; Hou, 2019)

In the last years a substantial body of literature was devoted to the factors mediating
human physical activity, as it is essential for the health and well-being of individuals and
societies, however the theoretical mechanisms that lead to the decision of undertaking activity
are not obvious. Numerous theories are used to create the framework for understanding physical
activity, however the majority of the approaches focus on the individuals and their intentions
to engage in activity, for example, social cognitive approach or the humanistic approach
(Rhodes et al., 2019). In contrast, the socioecological model explains behaviour through the
environment and policy, which contributed to its popularity in urban studies. According to that
model, human behaviour in general is influenced by numerous levels of factors including
individual, interpersonal, environmental and policy related (Berisha et al., 2012). Drawing from
the socioecological theory different studies suggest that physical activity including walking
may be affected, among others, by built environment characteristics such as proximity of homes
and other destinations or good access to attractive open spaces. Consequently, urban form is
perceived as a factor which can support and facilitate the choice of active modes of transport.
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Significantly, the discussion on walkability a significant contribution comes from the
work of urban designers and practitioners. According to the observations in a high-quality
neighbourhood different types of activities may take place including meetings, watching other
people and taking part in public life. At the same time, low quality in particular car-oriented
neighbourhoods discourages walking for other than necessary purposes.

Pekanbaru is the capital city of Riau Province, where the City Mayor has a vision to
make Pekanbaru a Walkable City. Besides, pedestrian development has been started since 2019
to decline private vehicle usage. In fact, the number of motorbike usage shows a significant
rise, reaching nearly 2.4 million in 2020, and it contributes to severe traffic jams, air pollution,
and urban heat temperature. People still prefer to use a private vehicle rather than walking and
using public transportation because the pedestrian path is usually occupied by traders and street
vendors (Sofwan & Tanjung, 2020; Fathira, 2006). On the other hand, based on current
observation, the pedestrian infrastructure does not satisfy their mobility, such as broken
pedestrian path, occupied with street vendors, lack of vegetation and trees, disintegrated with
public transportation, and unsafe for women and children. However, the government in
Pekanbaru has made policies and programs to reduce the dependency on a motorcycle, such as
car-free days, bike-to-work and bike-to-school programs, sidewalk improvements, and
developing pedestrian facilities to attract more people to use public transportation.

The first pedestrian facility was built in the Central Business District Jenderal Sudirman,
and this area is classified as a compact CBD site in Pekanbaru. Interestingly, this area has a
wide range of land used which is pretty walkable for pedestrians. But, the condition of
pedestrian facilities has slowly decreased since many irresponsible people stole and ruined the
facilities. Therefore, Pekanbaru's Government has no evaluation and good management in
maintaining public facilities. Consequently, although this area is classified as a compact site, it
failed to encourage people to walk and use public transportation to visit this area. So, this
research is likely to see the effect of urban form on walking choice for utilitarian, transit, and
non-utilitarian purposes.

In conclusion, this research aims to (1) measure the walkability index in the CBD area
Jenderal Sudirman based on International Physical Environmental Project (IPEN), (2) analyze
the travel preference and travel behaviour, and (3) measure the effect of urban form on walking
choice from utilitarian, transit, and non-utilitarian purposes.

2. METHODOLOGY

2.1 Measures
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The analysis applies to measuring walkability index in the Central Business District
Jenderal Sudirman is supported by GIS (geographical information system). Geographic
Information Systems (GIS) is a useful software for processing spatial data from the urban
environment. GIS processes spatial (graphic) data and census data in the urban units (Dobesova
& Krivk, 2012). In this research, this software will measure entropy, connectivity, floor area
ratio, and household density in creating and maintaining urban plans. The previous study also
used a GIS analysis to explore the relationship between open space systems and urban form for
the adaptive capacity of cities after an earthquake (Villagra et al., 2014). Therefore, ArcScene
software is also applied to make a 3D Dimension of Building Coverage in the study area. The
data and variables in this research are;

Table 1. Data and Variable

No | Category Data Variable
1 | Urban Form | Connectivity 1. Number of intersections in a grid/block
(Dobesova | Entropy 2. Land-use type in a grid
&  Krivk, 3. The total land use type in a grid
2012). 4. Land-use activities in a grid
Floor Area Ratio 5. Commercial building area
6. Total commercial building area
7. Building Height (number of floors)
Household Density 8. House building area
9. Total housing area
2 | Walking Walking for utilitarian purposes 10. Frequency of walking to work or school
Choice Walking for Transit purposes 11. Frequency of walking and using public
(Yang, transportation as a transit mode to reach
2016) destinations
Walking for Transit purposes 12. Frequency of walking to do sport, recreation, and
other leisure activities

Source: Many literatures, 2021

2.1.1 Walkability Index from IPEN Project

The International Physical Activity and Environment (IPEN) project is applied to see
the walkability score in the CBD area with urban form variables (Dobesova & Krivk, 2012).
The variables which represent the urban form indicators are (1) connectivity, (2) entropy, (3)
housing density, and (4) floor area ratio. Below is the description regarding the indicator of the
IPEN Project:

a. Connectivity index (Con): the connectivity is also called intersection density, where
it measures the number of intersections per sub-area or square per kilometer of urban
units. Digital data input is a line of road geometry in a city. Road crossing data
obtained from aerial photographs that are still relevant to use in the past five years
or satellite imagery in the latest year will be made into a road network map. In
contrast, the highway is excluded from the input data because it is not suitable to

pass or cause pedestrian injuries. On the other hand, the area of water bodies and
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rivers is reduced from the site of the city unit. In terms of calculation, every
intersection is given a valence value, which indicates the number of streets that meet
at a particular corner. The "T" shaped crossroad has a valence value of three; an "X"
shaped four. High values of the Connectivity index represent that the assessed area
is well interconnected. The connectivity index is calculated using a formula derived
from (Dobesova & Krivk, 2012). The formula is:

Y intersections
1 km?

con =

where;
e Con: connectivity index
Entropy index: this index indicates how homogenous or heterogeneous the usage of

a particular area is. The higher is the diversity of the land use; the higher is the
Entropy index. Good entropy index calculation is a high-quality land use polygon
layer. The land-use types are divided as follows:

Table 2. The Category of Land Use Category
Category Code

Living

Commercial

Services

Industrial

Institutional

Recreational

Other

Water

Source : Dobesova, Z., & Krivk, T. (2012)

s|o|m 8|~ »n|lal =

In general, the distribution of residential, commercial, and office building floor
areas is the best for physical activity. If the value of entropy is high for a given
district, it probably can carry out all everyday activities within a relatively small
area without having a longer travel distance or compact neighborhood. On the other
hand, they could easily do working, shopping, schooling, and seeking entertainment
within this district. The connectivity formula is:

K (PD).(InPt)
Ink

H(S) =

Where;
e H(S)= entropy index
e Pi=area ratio for each land—use category toward the total area of all
categories

e k= number of existing land use categories
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c. Housing density (Hdens):
The housing index represents the area's density and shows the possible walking

distance to another land use, or it provides information about the number of
households in every urban unit to calculate the household density (polygon
geometry). The number of households is classified by the area intended for living
in the urban unit. The second necessary input is again the land use type (as it was
for the entropy index). Only zones tagged as L (living) are taken into account. The
index reflects the form of living in an urban district. The high value represents a
high density of households. Such values are typical for the city centers, where
distances are suitable for walking. So, this criterion is applied to determine the level
of housing density in an area. The household density formula is:

Y. Housing Building Area
H dens =

Y. Total Housing Area

d. Floor Area Ratio (FAR):
The FAR index represents the ratio of shop buildings to the area of land use category

labeled as commercial. It is estimated that a high index shows that the place has a
significant percentage of smaller retail shops. Such a district will surely be more
attractive for walking than the others. When the FAR index has a low value, there
are probably more large shops and shopping malls with extensive car parks.

Therefore, it is more convenient to use a car to go shopping. The formula is:

__ Y. Commercial Building Area

far =
e. Walkability index (WAI)

> Total commercial Area

The Walkability index is obtained by calculating the entropy index, FAR index,
household density, and connectivity parameter. Following that, all partial indexes are
calculated for the individual layer of urban districts. A set of partial indexes is
assigned to every row of the table of urban districts. The formula of the walkability
index is:

WAI=(2+con)+ent+far+hdens
Where;

o  WAI = Walkability index

o con =Connectivity index

o ent = Entropy index

e far=FAR index

e hdens = Housing density index
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2.1.2 Urban Form and Walking Choice

In this research, the main element of urban form has been adopted from the IPEN project
(Dobesova & Krivk, 2012), where it consists of (1) entropy index, (2) floor area ratio, (3)
housing density, (4) and connectivity index. In addition, those variables are likely to be deeply
studied in the central business district Jenderal Sudirman to see the effect of urban form
indicators on walking choice. At this point, the walking choice consists of (1) utilitarian, (2)
transit, and (non-utilitarian) purposes. A utilitarian walker is a person who is classified as a full-
fledged pedestrian from their home/origin to the workplace or to school, where is usually
affected by the distance and condition. Meanwhile, a transit walker is a person who takes a walk
to the bus shelter, then gets into public transportation and walks again to reach the destination
(workplace). Besides, a non-utilitarian pedestrian is a person categorized as a non-active walker
who usually rides in a private transportation mode or a person who only takes a walk for leisure
activities or sports activities. The chi-square analysis will be applied to see the effect and
correlation of urban form on walking choice (utilitarian, transit, and non-utilitarian). Therefore,
this analysis also determines the significant variables on walking choice decisions. The formula
is:
(fo-m)2

fn

X? 2256:1

Where;

X? = chi square

Fo = frequency of observation

Fn = frequency of expectation
2.2 Statistical Analysis
2.2.1 Descriptive Statistical analysis

The descriptive statistical analysis is applied to measure the walkability index from the
IPEN project using a Likert scale. The Likert scale is classified into three stages, they are (1)
green level (WAL > 70), (2) yellow level (WAI 50-70), and red level (WAI <50). Therefore, the
descriptive analysis will also apply to explain (1) travel choice, (2) preference, (3) travel safety
and security, (4) and walking experience in the CBD Jenderal Sudirman. Afterward, according
to the questionnaire, there are likely explanations regarding the effect of urban form on walking
choice.
3. RESULTS AND DISCUSSIONS
3.1 Walkability index from IPEN Project
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The walkability index from IPEN Project is a systematic calculation that measures the
connectivity, entropy, floor area ratio, and housing density, or is concerned in urban form
indicators. The formula is:

WAI = (2*(z-con)) + (z-ent) + (z-FAR) + (z-Hdens)
Where;
o  WALI: Walkability Index
e z-con: Standard value of connectivity index
e z-ent: Standard value of entropy index
e z-FAR: Standard value of FAR index

e z-Hdens: Standard value of household density index

STUDY AREA MAP IN THE CBD JENDERAL SUDIRMAN
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Figure 1. Study Area Map
Source: Observation and SAS Planet, 2022
3.1.1 Entropi Index

The entropy index represents the variety of land use in an area. Generally, pedestrians
are likely to walk to a place that offers many different destinations and activities rather than
rigid zoning. Numerous studies report that higher densities, mixed land uses, more open
circulation patterns, and pedestrian-"friendly" environments are all associated with less car
travel. Consequently, mixing uses ensures that many services are within a reasonable distance,

thus encouraging cycling or walking (Alawadi, 2017).
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According to the entropy analysis at the CBD Jenderal Sudirman area, it shows that
good and positive entropy index contributed to Grid 3 (z-score 1,177), grid 4 (z-score 1,119),
and Grid 6 (z-score 0,035). Indeed, Grid 3 is the highest entropy index in the CBD area since it
has a proportionally land-use percentage and provides many land-use activities. In contrast, the
negative entropy index accounts for grid 1 (z-score -0.853), grid 2 (z-score -1.260), dan grid 5
(z-score -0.219). Interestingly, the variety of land use in these areas are quite varied, but it does
not proportionally distribute in each area, such as in grid 5, where the dominant land used are
for small retail and services, bank, and hotel, which covers more than half of the total area, and
only provides nearly 15% for public services. As a result, it makes the entropy index becomes
negative and less desirable for pedestrians. Below table 3 shows the entropy index;

Table 3. Entropy Index in The CBD Area Jenderal Sudirman

. Deviation
Grid | Area (M2) Index Average Standard Z-Score
1 447907 0,066 0,099 0,039 -0,853
2 580289 0,050 0,099 0,039 -1,260
3 255151 0,145 0,099 0,039 1,177
4 319006 0,143 0,099 0,039 1,119
5 701523 0,091 0,099 0,039 -0,219
6 396586 0,101 0,099 0,039 0,035

Source: Analysis, 2022
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Figure 2. Entropy Index Map
Source: Analysis, 2022

3.1.2 Floor Area Ratio (FAR) Index
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The floor area ratio compares the total building of commercial shops and the entire grid
area. In terms of processing, the availability of retail or commercial stores is a crucial factor in
encouraging someone to have a walking decision since it has been successfully causing trip
attraction and provides many different activities and services that are certainly attractive for
walkers.

According to the FAR analysis, the areas that have high intensities and commercial
stores are in grid 1 (Z-score 1,394), grid 2 (Z-score 1,005), and grid 4 (Z-score 0,001). These
areas have a significant number of retail stores such as fruit markets, groceries, clubs,
barbershops, small shops near the Pekanbaru Mall, and retail shops in Senapelan Plaza. More
than 60% of the total area in grid 1, grid 2, and grid 4 are occupied by trading activities,
attracting more pedestrians to visit the CBD Jenderal Sudirman. Consequently, these areas
trigger traffic jams and severe air pollution, unsafe for pedestrians. On the other hand, the areas
which have a negative index contributed to grid 3 (Z-score -0,549), grid 5 (Z-score -0.838), and
grid 6 (Z-score -1,022), where these areas have little commercial building and provide more

housing to the middle and low-income household. Below table 4 explains the FAR index;

Table 4. FAR Index in The CBD Area Jenderal Sudirman

Grid Trade & Service Grid Area Average Stal}dz}rd Z-Score
Area (M2) (M2) Deviation
1 177757,1736 447907,000 93451,675 60489,457 1,394
2 154229,7408 580289,000 93451,675 60489,457 1,005
3 60222,757 255151,000 93451,675 60489,457 -0,549
4 94089,338 319006,000 93451,675 60489,457 0,011
5 42757,736 701523,000 93451,675 60489,457 -0,838
6 31653,303 396586,000 93451,675 60489,457 -1,022

Source: Analysis, 2022
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Figure 3. Floor Area Ratio Map
Source: Analysis, 2022

Figure 4 Floor Area Ratio Design in Grid 1 and Grid 2
Source: Analysis, 2022

Figure S Floor Area Ratio Design in Grid 3 and Grid 4
Source: Analysis, 2022
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Figure 6 Floor Area Ratio Design in Grid 5 and Grid 6
Source: Analysis, 2022

3.1.3 Household Density Index

Household Density is a critical typology in determining sustainable urban forms.
Besides, it is the ratio of people or dwelling units to land area. The relationship between density
and urban character is also based on the concept of viable thresholds. At specific densities
(thresholds), the number of people within a given area becomes sufficient to generate the
interactions needed to make urban functions or activities viable (Kumakoshi et al., 2021;
Rodriguez-Alvarez, 2014, p. 114).

Based on the household density index, the areas which have better and positive density
is in grid 2 (Hdens Z-score 1,446), grid 3 (Hdens Z-score 0,231), grid 5 (Hdens Z-score 0,796),
where these grids have a large population and are classified as a fast developing area in
Pekanbaru since it is closely located in the capital district. The housing type in these areas is
dispersed, disorganized, and individual residential areas densely occupied with low-income
households. Typically, these locations are also supported by social and public facilities, such as
primary and secondary schools, local sports areas, city mayor's office, regional private
enterprises, banks, trade and service activities. Nonetheless, the sites in grid 1 (Hdens Z-score
-1,170) and grid 4 (Hdens Z-score -0,609) represent the low household density now that the
land is dominantly used for trading activities and green areas. Below table 5 provides a
household density index;

Table 5. Household Density Indeks in The CBD Area Jenderal Sudirman

Grid Residential Area | Grid Area (M2) Average Standard Deviation Z-Score
1 48239,0114 447907,000 82476,428 29270,594 -1,170
2 124806,436 580289,000 82476,428 29270,594 1,446
3 89239,361 255151,000 82476,428 29270,594 0,231
4 64661,957 319006,000 82476,428 29270,594 -0,609
5 105777,198 701523,000 82476,428 29270,594 0,796
6 62134,606 396586,000 82476,428 29270,594 -0,695

Source: Analysis, 2022

Ade Wahyudi, Febby Asteriani, Rona Muliana, Adam Raihan Aulia, Muhammad Fikri | 92
An Urban Form Study On Walking Choice...




Jurnal Planologi Vol. 20, No. 1, April 2023
Available : http://jurnal.unissula.ac.id/index.php/psa

OLD DENSITY MAP

Legend Housing Classification 0 015 03 08
b —— N
Low 115000
X W
Medium Coordinate System : CGS WGS 1684
High Dawm WGS 1984

gree
Source SAS Planet 2021

—— Road

Figure 7. Household Density Map
Source: Analysis, 2022

3.1.4 Connectivity Index

Generally, compactness also refers to urban continuity (and connectivity), which
suggests that future urban development should be adjacent to existing urban structures
(Adolfsson et al., 2021). When the concept is applied to existing rather than new urban fabric,
it refers to the containment of further sprawl rather than reducing the present sprawl (Altarans
& Pradoto, 2019; Wolff et al., 2018). The compactness of urban space can minimize energy,
water, materials, products, and people mobility (Boulange et al., 2017)

On average, the connectivity index showed that almost every grid have a very low
connectivity value (Grid 1, Grid 3, Grid 4, Grid 5) since it is used for private buildings and
stores, and many pedestrian ways are occupied by traders or street vendors, making the pathway
narrow and uncomfortable. Therefore, in these grids, dwellers usually do not work near their
homes and thus have to travel a longer distance, which can not be done by active transport (on
foot). Interestingly, only grid 2 (Con Z-score 1,692) and grid 6 (Con Z-score 0,000) have a
slightly better and positive index compared to other grids in as much as these areas are

dominantly used for residential areas with better pedestrian connectivity facilities.

Table 6. Connectivity Index in The CBD Area Jenderal Sudirman

Grid Nodes Grid Area (M2) Average Standard Deviation Z-Score
1 48 447907,000 59 23,048 -0,477
2 98 580289,000 59 23,048 1,692
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3 40 255151,000 59 23,048 -0,824
4 37 319006,000 59 23,048 -0,955
5 72 701523,000 59 23,048 0,564
6 59 396586,000 59 23,048 0,000

Source: Analysis, 2022

CONNECTIVITY MAP
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Figure 8. Connectivity Map
Source: Analysis, 2022

3.1.5 Walkability Index
The score of the walkability index is achieved from the calculation of all variables; there

are (1) entropy, (2) floor area ratio, (3) household density, and (4) connectivity. Every indicator
in grid 1- grid 6 will be calculated according to the analysis results. Below table 7 illustrates

the walkability score in the CBD area Jenderal Sudirman;

Table 7. Walkability Score in The CBD Area Jenderal Sudirman

Grid | En Z-Score | Con Z-Score | Far Z-Score Den Z-Score WAI
1 -0,853 -0,477 1,394 -1,170 | -1,58304
2 -1,260 1,692 1,005 1,446 | 4,575579
3 1,177 -0,824 -0,549 0,231 | -0,79018
4 1,119 -0,955 0,011 -0,609 | -1,38806
5 -0,219 0,564 -0,838 0,796 | 0,867165
6 0,035 0,000 -1,022 -0,695 | -1,68146
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Source: Analysis, 2022

WALKABILITY INDEX
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Figure 9. Walkability Score in The CBD Area Jenderal Sudirman
Source: Analysis, 2022

The picture above provides information that the average walkability score in the CBD
area shows a variety. Interestingly, grid 2 (WAI 4,58) is the best walkable area since it has the
highest connectivity score, provides good housing density, and is supported by a good floor
area ratio. However, this grid also has weaknesses for pedestrians since the entropy component

showed a negative index.

WALKABILITY MAP IN THE CBD JENDERAL SUDIRMAN
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Figure 7. Walkability Map
Source: Analysis, 2022
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3.2 Urban Form and Walking Choice

The measurement of walkability from the IPEN project represents that the CBD Jenderal
Sudirman is not walkable since most grids in the CBD area are not walkable, or it is only two
grids categorized as moderately walkable, there are grid 2 (WAI 4,57) and grid 5 (WAI 0,86).
Besides, the previous analysis showed that walking decision is affected by urban form
indicators (entropy, floor area ratio, housing density, perception, pedestrian facility distance to
public transportation, and land use variety). Afterward, these urban form variables will be
analyzed for walking trip categories (utilitarian, transit, and non-utilitarian). The description is

as follows:

3.2.1 The Effect of Urban Form on Walking Choice for Utilitarian Purposes

In this research, the urban form variables consist of (1) entropy index, (2) floor area
ratio, (3) household density, and (4) connectivity index. The chi-square analysis is used to see
the effect of urban form on walking choice, whether for utilitarian, transit, or non-utilitarian

purposes. Below table 8 shows the effect of urban form on walking for utilitarian categories:

Table 8. The Effect of urban form on walking choice for utilitarian purpose

Purp walk 1 Coef Std. Err Z P>{z} {95% Conf.Interval
Entropi_index 2465042 1254723 1.96 0.049 0.000583 4924254
Floor area ratio | -1.628874 | .7890847 -2.06 0.039 -3.175452 | -.0822966
Household 1.435713 .6907183 2.08 0.038 .08193 2.7894496
density
Connectivity scale | -2.731128 | .6986906 -3.91 0.623 -.7739188 | .4632659
Constanta -.6909685 | .651799 -1.06 0.289 -1.968471 | .586534

Source: Analysis, 2022
Table 8 above explains that the significant variable of urban form on walking choice for

utilitarian purpose is entropy (P>{z} 0.049), floor area ratio (P>{z} 0.039), and household
density (P>{z} 0.038).

On the one hand, most respondents said that land use variety (coef. 0.2465042) in the
Jenderal Sudirman CBD is essential to ease pedestrian mobility without time wasted and attract
more pedestrians to do diverse activities within one compact place on feet. In addition, several
grids in the CBD Jenderal Sudirman (grid 4, grid 6) has a wide range of land uses, such as mall
and department stores, government and private building, traditional market, recreation space,

worker residential, and public facilities, which are pretty accessible for pedestrians.
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On the other hand, floor area ratio (FAR) is also the crucial factor for utilitarian since it
is affected by the total number of commercial activities. Most pedestrians in the CBD Jenderal
Sudirman argued that they enjoyed visiting Grid 1, Grid 2, Grid 4 because it provides more
trade and service activities than other grids. Moreover, the biggest trip attraction for pedestrians
occurs in the afternoon now that many street culinarians are opened. Afterward, the housing
density (P>{z} 0.038) also plays a vital role for utilitarian purposes. The more compact the
housing location is (coef. 1.435713), the bigger chance they will decide to walk, the better the
pedestrian facility in a housing area, the bigger opportunity to attract more people not to use
private transportation.

In other words, density is the single most important factor associated with transit use
(MclIntosh et al., 2014; Merlin et al.,, 2021). As density increases, automobile ownership
declines, and automobile travel decreases as measured by gasoline consumption or per capita
vehicle miles of travel (VMT). In addition, many employees and workers who live in grid 2,
grid 3, and grid 5 (>65%) said that they could save more money since the location of their

workplace is near to their house.

3.2.2 The Effect of Urban Form on Walking Choice for Transit Purposes
Walking for transit purposes is defined as people who walk and use public or private

transportation as a transit mode to reach their final destination (Guerra et al., 2018; Mcmullen,

2018) or vice versa. Below table 9 represents the effect of urban form on walking for transit

purposes:
Table 9. The Effect of Urban Form on Walking Choice for Transit Purpose
Purp walk 1 Coef Std. Err Y4 P>{z} {95% Conf.Interval

Entropi_index -4852713 | .2676366 -1,81 0.070 -1.00983 .0392868
Floor area ratio | 1.141021 .3500898 3,26 0.071 4548581 1.827185
Household -.7185431 | .3817375 -1,88 0.060 -1.466735 | .0296486
density

Connectivity scale | -.4503391 | .2178596 -2,07 0.039 -.877336 -.0233422
Constanta -.641627 4024125 1,59 0.111 -.147087 1.430341

Source: Analysis, 2021

Table 9 above provides information that the most significant variable which affects the
transit walker is the connectivity index (P>{z} 0.039). Interestingly, transit pedestrians do not
consider land use variety (entropy) as an essential element since they only pay attention to the
pedestrian facility and accessibility to reach their destination. Also, another consideration for
transit travelers is waiting time because it contributes to the travel time. In fact, some delays in

Transmetro Pekanbaru (Public Buss) usually occur since there are many motorbikes and cars
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usage, and there is also no specific lane for public buses. As a result, it causes delays in picking
up passengers.

According to the current situation, most transit pedestrians said that they could easily
walk in grid 2 (Con 98), grid 5 (Con 72), and grid 6 (Con 59) since they offer many connecting
ways in or to reach the CBD Jenderal Sudirman. The more an area has intersections, the bigger
chance to attract more pedestrians (Adolfsson et al., 2021; Crane, 1996; Walters, 2014).
Unfortunately, the quality of each pedestrian facility is still not satisfactory enough, particularly
in Grid 6, Grid 1, and Grid 4.

3.2.3 The Effect of Urban Form on Walking Choice for Non-Ultilitarian Purposes
Generally, non-utilitarian groups are people who are not fully walking in their daily

lives or only walking for a specific activity, such as going for sports, recreation, and entertaining
only. Besides, they also prefer to use a private vehicle regularly to work or school. Below table
10 represents the effect of urban form on walking for non-transit purposes:

Table 10. The Effect of Urban Form on Walking Choice for Non-Utilitarian Purpose

Purp walk 1 Coef Std. Err Y4 P>{z} {95% Conf.Interval
Entropi_index 2068412 1366851 1.51 0.130 -.0610567 | .4747391
Floor area ratio | -1.163959 | .3675449 -3.17 0.052 -1.884334 | -.4435846
Household 2890275 388137 0.74 0.031 -4717069 | 1.049762
density
Connectivity scale | 1.11486 2658281 4.19 0.060 5928468 1.634874
Constanta -1.529301 | 4295724 -3.56 0.000 -2.371248 | -.6873547

Source: Analysis, 2021

Table 10 above illustrates that the significant variable which affects the non-utilitarian
walker is household density (P>{z} 0.031). Interestingly, most non-utilitarian purposes come
from unmanaged and dispersed urban housing, which surrounds the urban center area with
limited public and social facilities, like in Grid 6 since this grid is occupied with elite people.
This phenomenon is relatable with the argument of (Cao et al., 2006; Handy & Clifton, 2001;
Holden & Norland, 2005) stated that non-utilitarian purpose usually happens in less compact
residential housing. In addition, these findings are also suitable with (Handy & Clifton, 2001;
Henk A Becker, 2011), who said that non-utilitarian activities begin with a luxurious settlement,
non-well-organized housing, or old residential areas. Meanwhile, the ages of residential sites
near CBD (Grid 2, Grid 3, Grid 4) in Jenderal Sudirman have been probably established for
over 50 years, and it is not well-integrated with decent social and public facilities. The
association between the pedestrian condition and housing density indicates that daily walking

trips for non-utilitarian purposes are more likely to occur in non-well-organized residential
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locations. Finally, household density is the only factor affecting non-utilitarian purposes in the
CBD Jenderal Sudirman.
4. CONCLUSION AND RECOMENDATION

As sated above, this research aims to measure the effects of urban form on walking
choice, where the walking is classified into utilitarian, transit and non-utilitarian trip.
Afterwards, the measurement of walkability index is analysed by physical and environmental
analysis. In the stage that follows, travel preference and moda choice are explained in order to
measure the effect of urban form on walking choice for utilitarian, transit, and non-utilitarian
purposes.

In terms of walkable evaluation, only two grids are classified as moderately walkable in
the CBD area since the score for all indicators (entropy, floor area ratio, household density, and
connectivity) is still low. Indeed, grid 2 (WAI 4,57) and grid 5 (WAI 0,86) is the walkable area
in the CBD Jenderal Sudirman. Interestingly, walking for utilitarian and transit category prefers
to visit grid 2 and grid 5 since they have a better pedestrian facility, land-use diversity, and
connecting way, which ease pedestrian movement. In contrast, the negative and non-walkable
areas accounted for grid 1, grid 3, grid 4, and grid 6 now that they did not meet the requirements
or even negative scores. However, motorized transportation is still the most favorable
transportation in the CBD area, where only 36,6% of respondents accounted for walking mode,
and 63,4% contributed to non-walking choice as their daily mobile.

In a broad sense, urban form variable (entropy, floor area ratio, household density,
connectivity) significantly impacts walking choice, whether for utilitarian, transit, or non-
utilitarian purposes. Based on the chi-square analysis, the urban form variables which have a
significant impact on walking choice for utilitarian purposes are entropy (P>{z} 0.049), floor
area ratio (P>{z} 0.039), and household density (P>{z} 0.038). Besides, the level of urban
compactness in grid 2 and grid 5 contributes to the utilitarian pedestrian in as much as the
accessibility and integrity of various land use, good pedestrian connectivity, and centralized
commercial activity. Meanwhile, walking for transit purposes is usually conducted by people
who do not have a private vehicle, and they alternatively walk and ride public transportation
(TransMetro Pekanbaru) to reach their final destination. Interestingly, the transit walkers are
only affected by the connectivity variable (P>{z} 0.039).

Surprisingly, most non-utilitarian walkers came from disorganized and agglomerated
housing with low basic services and pedestrian facilities. According to the study, dwellers who
live in grid 2, grid 5, and grid 6 have lived for over 40 years. Also, many informal residential

like urban kampung communities routinely walk as their main activity. Ironically, people who
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live in well-organized housing with good pedestrian facilities indicate less interest in walking
since they rely upon private vehicles, or they only walk for a specific activity, such as going for
sports, seeing car-free day, and looking for street food carnival on the weekend in the CBD site.
Some limitations are bound to the method of calculating the urban form and walkability
index. The first and most important one is that all the components are standardised, which
means that they are relative. In other words, the value of the index strictly depends on the
parameters of the group of developments selected for comparison. In our research, the group
included only four developments, three of which are characterised by the deliberate shaping of
urban form according to the walkability concept. Therefore, final values of the walkability
index cannot be reliable for assessing the walkability of the entire city in Pekanbaru. The next
research probably could use qualitative method to explore more about urban form variables and
walkability index since travel behavior, travel decision making process and travel perception is
must be explained more to determine the urban form stages.
5. REFERENCE

Adolfsson, P., Lindblad, J., & Peacock, S. (2021). Translations of sustainability in urban
planning documents — A longitudinal study of comprehensive plans in three
European cities. Cities, 119(August), 103360.
https://doi.org/10.1016/j.cities.2021.103360

Alawadi, K. (2017). Rethinking Dubai's urbanism: Generating sustainable form-based
urban design strategies for an integrated neighborhood. Cities, 60, 353-366.
https://doi.org/10.1016/j.cities.2016.10.012

Alberti, M., Booth, D., Hill, K., Coburn, B., Avolio, C., Coe, S., & Spirandelli, D. (2007).
The impact of urban patterns on aquatic ecosystems: An empirical analysis in
Puget lowland sub-basins. Landscape and Urban Planning, 80(4), 345-361.
https://doi.org/10.1016/j.Jlandurbplan.2006.08.001

Altarans, 1., & Pradoto, W. (2019). Urban Compactness Di Wilayah Perkotaan Kendal.
Jurnal Pembangunan Wilayah & Kota, 14(4), 281.
https://doi.org/10.14710/pwk.v14i4.17822

Bauman, A. E., Sallis, J. F., Dzewaltowski, D. A., & Owen, N. (2002). Toward a better
understanding of the influences on physical activity: The role of determinants,
correlates, causal variables, mediators, moderators, and confounders. American
Journal of  Preventive Medicine, 23(2 SUPPL. 1), 5-14.
https://doi.org/10.1016/S0749-3797(02)00469-5

Beatley, T., Manning, K., & Press, D. C. 1. (1993). Economy, and Community
Department of Planning, Public Policy and Management Policy Design for
Democracy by James A . Throgmorton Regional Planning Graduate Program in
Urban and. Bourassa 1991, 274-275.

Berisha, E., Cotella, G., Janin Rivolin, U., Solly, A., 2021. Spatial governance and
planning systems in the public control of spatial development: a European
typology. Eur. Plan. Stud. 29, 181-200.
https://doi.org/10.1080/09654313.2020.1726295.

Ade Wahyudi, Febby Asteriani, Rona Muliana, Adam Raihan Aulia, Muhammad Fikri | 100
An Urban Form Study On Walking Choice...



Jurnal Planologi Vol. 20, No. 1, April 2023
Available : http://jurnal.unissula.ac.id/index.php/psa

Boulange, C., Gunn, L., Giles-Corti, B., Mavoa, S., Pettit, C., & Badland, H. (2017).
Examining associations between urban design attributes and transport mode choice
for walking, cycling, public transport, and private motor vehicle trips. Journal of
Transport and Health, 6(August), 155-166.
https://doi.org/10.1016/j.jth.2017.07.007

Cao, X., Handy, S. L., & Mokhtarian, P. L. (2006). The influences of the built
environment and residential self-selection on pedestrian behavior: Evidence from
Austin, TX. Transportation, 33(1), 1-20. https://doi.org/10.1007/s11116-005-
7027-2

Cerin, E., Leslie, E., & Owen, N. (2009). Explaining socio-economic status differences
in walking for transport: An ecological analysis of individual, social and
environmental factors. Social Science and Medicine, 68(6), 1013-1020.
https://doi.org/10.1016/j.socscimed.2009.01.008

Clifton, K., Ewing, R., Knaap, G. J., & Song, Y. (2008). Quantitative analysis of urban
form: A multidisciplinary review. Journal of Urbanism, 1(1), 17-45.
https://doi.org/10.1080/17549170801903496

Coppola, P., Papa, E., Angiello, G., & Carpentieri, G. (2014). Urban form and
Sustainability: The Case Study of Rome. Procedia - Social and Behavioral
Sciences, 160(Cit), 557-566. https://doi.org/10.1016/j.sbspro.2014.12.169

Crane, R. (1996). Cars and drivers in the new suburbs: Linking access to travel in
neotraditional planning. Journal of the American Planning Association, 62(1), 51—
65. https://doi.org/10.1080/01944369608975670

Dobesova, Z., & Krivk, T. (2012). Walkability Index in the Urban Planning: A Case
Study in Olomouc City. Advances in Spatial Planning, 3.
https://doi.org/10.5772/36587

Gascon, M., Gotschi, T., Nazelle, A. De, Gracia, E., Ambros, A., Marquez, S., Marquet,
0., Avila-palencia, 1., Brand, C., lacorossi, F., Raser, E., Gaupp-berghausen, M.,
Dons, E., Laeremans, M., Kahlmeier, S., Sanchez, J., & Gerike, R. (2019).
Correlates of Walking for Travel in Seven European Cities : The PASTA Project.
127(September), 1-13.

Gibbs, D. C., Longhurst, J., & Braithwaite, C. (1998). "Struggling with sustainability":
weak and strong interpretations of sustainable development within local authority
policy. Environment and Planning A, 30(8), 1351-1365.
https://doi.org/10.1068/a301351

Gim, T. H. T. (2015). The relationship between land use and automobile travel utility: A
Multiple Indicators Multiple Causes approach. Transportation Research Part D:
Transport and Environment, 41, 188—204.
https://doi.org/10.1016/j.trd.2015.10.004

Guerra, E., Caudillo, C., Monkkonen, P., & Montejano, J. (2018). Urban form, transit
supply, and travel behavior in Latin America: Evidence from Mexico's 100 largest
urban areas. Transport Policy, 69(April), 98-105.
https://doi.org/10.1016/j.tranpol.2018.06.001

Haase, D., Kabisch, N., & Haase, A. (2013). Endless Urban Growth? On the Mismatch
of Population, Household and Urban Land Area Growth and Its Effects on the
Urban Debate. PLoS ONE, 8(6), 1-8.
https://doi.org/10.1371/journal.pone.0066531

Ade Wahyudi, Febby Asteriani, Rona Muliana, Adam Raihan Aulia, Muhammad Fikri | 101
An Urban Form Study On Walking Choice...



Jurnal Planologi Vol. 20, No. 1, April 2023
Available : http://jurnal.unissula.ac.id/index.php/psa

Handy, S. L., & Clifton, K. J. (2001). Local shopping as a strategy for reducing
automobile travel. Transportation, 28(4), 317-346.
https://doi.org/10.1023/A:1011850618753

Heckman, J. J., Pinto, R., & Savelyev, P. A. (1999). Sustainable Cities. In Angewandte
Chemie International Edition, 6(11), 951-952.

Henk A Becker, F. V. (2011). Social Impact Assessment, Conceptual and Methodological
Advances. USA, 348. http://library1.nida.ac.th/termpaper6/sd/2554/19755 .pdf

Herrmann-Lunecke, M. G., Mora, R., & Vejares, P. (2021). Perception of the built
environment and walking in pericentral neighborhoods in Santiago, Chile. Travel
Behaviour and Society, 23(January), 192-206.
https://doi.org/10.1016/j.tbs.2021.01.002

Hidayati, 1., Yamu, C., & Tan, W. (2021). You have to drive: Impacts of planning policies
on urban form and mobility behavior in Kuala Lumpur, Malaysia. Journal of Urban
Management, 10(1), 69—83. https://doi.org/10.1016/j.jum.2020.12.004

Holden, E., & Norland, I. T. (2005). Three challenges for the compact city as a sustainable
urban form: Household consumption of energy and transport in eight residential
areas in the Greater Oslo Region. Urban Studies, 42(12), 2145-2166.
https://doi.org/10.1080/00420980500332064

Hou, Y. (2019). Polycentric urban form and non-work travel in Singapore: A focus on
seniors. Transportation Research Part D: Transport and Environment, 73(July),
245-275. https://doi.org/10.1016/j.trd.2019.07.003

Jabareen, Y. R. (2006). Sustainable urban forms: Their typologies, models, and concepts.
Journal of Planning  Education and  Research, 26(1), 38-52.
https://doi.org/10.1177/0739456X 05285119

Joh, K., Nguyen, M. T., & Boarnet, M. G. (2012). Can Built and Social Environmental
Factors Encourage Walking among Individuals with Negative Walking Attitudes?
Journal of Planning Education and Research, 32(2), 219-236.
https://doi.org/10.1177/0739456X 11427914

Kementerian Pekerjaan Umum dan Perumahan Rakyat. (2017). Pedoman Bahan
Konstruksi Bangunan dan Rekayasa Sipil: Perencanaan Teknis Fasilitas Pejalan
Kaki. SE Menteri PUPR, 1-43.

Koutra, C., & Edwards, J. (2012). Capacity Building through Socially Responsible
Tourism Development: A Ghanaian Case Study. Journal of Travel Research,
51(6), 779-792. https://doi.org/10.1177/0047287512451141

Kumakoshi, Y., Koizumi, H., & Yoshimura, Y. (2021). Diversity and density of urban
functions in station areas. Computers, Environment and Urban Systems, 89(July),
101679. https://doi.org/10.1016/j.compenvurbsys.2021.101679

Lee, C. (2020). Impacts of two-scale urban form and their combined effects on commute
modes in U.S. metropolitan areas. Journal of Transport Geography,
88(September), 102821. https://doi.org/10.1016/j.jtrangeo.2020.102821

Liao, F., Tian, Q., Arentze, T., Huang, H. J., & Timmermans, H. J. P. (2020). Travel
preferences of multimodal transport systems in emerging markets: The case of
Beijing. Transportation Research Part A: Policy and Practice, 138(January 2019),
250-266. https://doi.org/10.1016/j.tra.2020.05.026

Lindeldw, D., Svensson, A., Brundell-Freij, K., & Winslott Hiselius, L. (2017).
Satisfaction or compensation? The interaction between walking preferences and

Ade Wahyudi, Febby Asteriani, Rona Muliana, Adam Raihan Aulia, Muhammad Fikri | 102
An Urban Form Study On Walking Choice...



Jurnal Planologi Vol. 20, No. 1, April 2023
Available : http://jurnal.unissula.ac.id/index.php/psa

neighborhood design. Transportation Research Part D: Transport and
Environment, 50, 520-532. https://doi.org/10.1016/j.trd.2016.11.021

Mclntosh, J., Trubka, R., Kenworthy, J., & Newman, P. (2014). The role of urban form
and transit in city car dependence: Analysis of 26 global cities from 1960 to 2000.
Transportation Research Part D: Transport and Environment, 33, 95-110.
https://doi.org/10.1016/j.trd.2014.08.013

Mcmullen, B. S. (2018). 8 - Evolution of transportation policy and economics. In
Transportation  Policy and  Economic  Regulation.  Elsevier Inc.
https://doi.org/10.1016/B978-0-12-812620-2/00008-0

Merlin, L. A., Singer, M., & Levine, J. (2021). Influences on transit ridership and transit
accessibility in UU.S.urban areas. Transportation Research Part A: Policy and
Practice, 150(April), 63—73. https://doi.org/10.1016/j.tra.2021.04.014

Ozawa, H., Fukuda, A., Malaitham, S., Vichiensan, V., Luathep, P., & Numa, H. (2021).
Evaluation of walking environments around urban railway stations in Bangkok and
consideration of improvement plans. Asian Transport Studies, 7(October 2020),
100038. https://doi.org/10.1016/j.eastsj.2021.100038

Pickrell, D. (2015). Trends in Personal Motor Vehicle Ownership and Use : Evidence
from the Nationwide Personal Transportation Survey Trends in Personal Motor
Vehicle Ownership and Use: Evidence from the Nationwide Personal
Transportation Survey Don Pickrell U . S . DOT Volp. January.

Report, W. C. (2020). Unpacking the Value of Sustainable Urbanization.
https://doi.org/10.18356/c41ab67e-en

Rhodes, R.E., McEwan, D., Rebar, A.L., 2019. Theories of physical activity behaviour
change: a history and synthesis of approaches. Psychol. Sport Exerc. 42, 100-109.
https://doi.org/10.1016/j.psychsport.2018.11.010.

Rodrigue, J.-P. (2020). Transportation and Land Use. In International Encyclopedia of
Human Geography (Second Edi, Vol. 11). Elsevier. https://doi.org/10.1016/b978-
0-08-102295-5.10327-0

Rodriguez-Alvarez, J. (2014). Planning cities for the post-carbon age: A metabolic
analysis of the urban form.

Sofwan, M., & Tanjung, M. H. (2020). Evaluation Study Of Walkability Index In Central
Business District (CBD) Area, Pekanbaru City. Journal of Geoscience,
Engineering, Environment, and Technology, 5(3), 175-185.
https://doi.org/10.25299/jgeet.2020.5.3.4181

US EPA. (2001). uiltandNaturalnvironments. Our Built and Natural
Environments: A Technical Review of the Interactions Among Land Use,
Transportation, and Environmental Quality, 148.

Villagra, P., Rojas, C., Ohno, R., Xue, M., & Gémez, K. (2014). A GIS-base exploration
of the relationships between open space systems and urban form for the adaptive
capacity of cities after an earthquake: The cases of two Chilean cities. Applied
Geography, 48, 64-78. https://doi.org/10.1016/j.apgeog.2014.01.010

Vojnovic, 1. (2006). Building communities to promote physical activity: A multi-scale
geographical analysis. Geografiska Annaler, Series B: Human Geography, 88(1),
67-90. https://doi.org/10.1111/j.0435-3684.2006.00206.x

Walters, J. (2014). Public transport policy implementation in South Africa: &lt;i&gt;Quo
vadis&lt;/i&gt;? Journal of Transport and Supply Chain Management, 8(1), 1-11.
https://doi.org/10.4102/jtscm.v8il.134

Ade Wahyudi, Febby Asteriani, Rona Muliana, Adam Raihan Aulia, Muhammad Fikri | 103
An Urban Form Study On Walking Choice...



Jurnal Planologi Vol. 20, No. 1, April 2023
Available : http://jurnal.unissula.ac.id/index.php/psa

Wang, K., & Zhang, W. (2021). The role of urban form in the performance of shared
automated vehicles. Transportation Research Part D: Transport and Environment,
93(March), 102744. https://doi.org/10.1016/j.trd.2021.102744

Williams, K. (2001). Designing the city: towards a more sustainable urban form. In
URBAN DESIGN International (Vol. 6, Issue 2).
https://doi.org/10.1057/palgrave.udi.9000045

Wolff, M., Haase, D., & Haase, A. (2018). Compactor spread? A quantitative spatial
model of urban areas in Europe since 1990. PLoS ONE, 13(2), 1-22.
https://doi.org/10.1371/journal.pone.0192326

Xu, G., Zhou, Z., Jiao, L., & Zhao, R. (2020). Compact Urban Form and Expansion
Pattern Slow Down the Decline in Urban Densities: A Global Perspective. Land
Use Policy, 94(January), 104563.
https://doi.org/10.1016/j.landusepol.2020.104563

Yang, Y. (2016). A dynamic framework on travel mode choice focusing on utilitarian
walking based on the integration of current knowledge. Journal of Transport and
Health, 3(3), 336-345. https://doi.org/10.1016/j.jth.2016.03.002

Yuan, M., Song, Y., Huang, Y., Hong, S., & Huang, L. (2018). Exploring the Association
between Urban Form and Air Quality in China. Journal of Planning Education and
Research, 38(4), 413-426. https://doi.org/10.1177/0739456X17711516

Ade Wahyudi, Febby Asteriani, Rona Muliana, Adam Raihan Aulia, Muhammad Fikri | 104
An Urban Form Study On Walking Choice...



