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Abstract
The number of studies that explore contributing factors that encourage individuals to do more walking trips is prolifer-
ated in recent years. However, there is still a lot to know about differentiating between short and long walking trips and 
their associated influencing factors. The current research investigated the impact of the influencing factors on the share 
of short and long walking trips across four different trips in 112 traffic analysis zones of Rasht, Iran. The share of walking 
trips was defined as the proportion of walking trips that originated/ended in an area on all trips that originated/ended 
in that area. In four trip purposes in short, long, and all trips, the factors associated with the share of walking in origins 
and destinations were investigated in 24 separate models. The factors included built environmental indices, such as 
transportation network connectivity and land-use variables, as well as socio-demographic. To differentiate between 
short and long walking trips, 600 m walking distance was recognized as a proxy. According to the results, the popula-
tion density was found significantly increase share of walking in both the origins and destinations of short walking trips. 
Moreover, the models’ goodness of fits were relatively higher in short walking trips comparing long walking trips. This 
research’s findings would give a profound assessment to city planners and decision makers who favor expanding walk-
ing as a sustainable mode of transportation.

Keywords Walking · Built environment · Transportation network design · Connectivity · Population density · Land use 
diversity

1 Introduction

As a basic transportation mode, walking plays a significant 
role in urban transportation [1, 2]. Walking can provide 
access to other motorized modes and also considered a 
stand-alone independent travel mode, especially shorter 
trips. Promoting walking is important due to its enormous 
benefits, including the environment, economy and public 
health [3]. Transportation network Design, land-use Diver-
sity and population Density, Destination accessibility and 
Distance to transit (5D’s) were introduced as built environ-
mental determinants of walking in the literature [1, 4, 5].

Although a wide range of studies investigated the rela-
tionship between BE and walking, just a few investigated 
how this relationship would be changed if short and long 

walking trips are considered separately. In other words, it 
would help to identify which criteria are more influential 
on short trips versus long ones. Furthermore, most of the 
studies only explore the residential place, and the impact 
of trip destination zones is unclear. Finally, most of the 
objective studies were conducted in a small area of a city 
in a developed country, while the study area in the current 
analysis is a city in a developing country.

The current study addresses influencing factors on the 
share of walking in trip origin/destination zones in short, 
long and all walking trips, with different trip purposes. To 
do so, the effective factors on the share of walking trips in 
112 Rasht traffic analysis zones (TAZs) were modeled. The 
share of walking trips was defined as the proportion of 
walking trips that originated/ended in a TAZ on all modes. 
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Considering the possibility of different influences of BE fac-
tors on origins and destinations of the share of walking 
trips, origins and destinations were modeled separately.

The author’s previous studies using the same dataset 
developed walkability indices across trip purposes [6] and 
investigated the association between built environmental 
factors on the share of walking trips across different trip 
purposes [7]. The exploration on the association of built 
environmental factors and walking is continued in this 
study by decomposing the trips to short and long walk-
ing trips and examine how the impact would be different.

This study would guide policymakers to identify which 
BE factors can encourage people to walk more in both 
short and long trips. The main question is whether a sig-
nificant difference between the influencing factors in short 
and long trips is there. The zone-based studies in the scope 
of a city provide a proper foundation for decision-makers 
in long-term planning and policymaking. In this study, a 
zonal-based approach has been considered to evaluate 
walking conditions in Rasht, Iran.

The remainder of this paper is structured herein: first, an 
overview of indices associated with each BE criterion in the 
literature and studies that have accounted for the length 
of walking trips. The third section is the method, an over-
view of the case study and a summary of the descriptive 
statistics. The results and conclusion are the next sections 
of the paper.

2  Literature review

2.1  Built environment criteria

2.1.1  Design

Design is a proxy of street network characteristics within 
an area. Quite a few indices were recommended to 
encapsulate transportation network design effects on 
walking [8–10]. Design factors such as intersection den-
sity [11], cul-de-sac density [12], percentage of 4-way 
intersection [9], street density [9], Connected Node Ratio 
[9, 13], gamma and alpha indices [10] were employed in 
various studies in the literature as the proxy of design 
criteria. Data availability and researchers’ preferences 
were the main determinants of which index to use in pre-
vious studies [11, 14–17]. Multicollinearity among indi-
ces was the major deterrent to use the factors at once 
in previous studies. However, some studies combined 
several indices to extract a single index by applying Prin-
cipal Component Analysis (PCA) [8]. Implementing PCA 
method, Hatamzadeh et al. suggested two combined 
indices that have resulted from PCA [18]. According to 
their results, two elements were derived, which captured 

about 70% of the variations of all design indices [18]. 
The first element was the compound of percentages of 
four-way intersections and connected node ratio (node 
connectivity). The second element included the ratio of 
minor streets to major streets and street density (link 
connectivity) (for more details, see [18]).

2.1.2  Diversity

The mixture of different land-uses in a neighborhood 
represents diversity [1]. Diversity has been introduced as 
the most influential BE criteria in the last two decades of 
studies [19]. Bentley et al. (2018) found a positive asso-
ciation between walking and diversity by accounting for 
the changes over the years and variations in individuals’ 
walking [20].

To capture the diversity of land-use, various indices 
are proposed. Table  1 shows the two more common 
diversity indices in the literature. Although the entropy 
index was extensively utilized in previous studies [1, 
9, 21], Christian et al. (2011) explored the variation of 
entropy in different scenarios. They suggested that 
the entropy index could greatly change due to a slight 
alteration in land-use categorization [22]. Sugiyama et al. 
(2019) implemented isometric substitution analysis and 
called the entropy index’s performance under question 
[23]. On the other hand, Ewing et al. (2015) considered 
another diversity index, high job-population balance in 
a zone, and resulted in a 15% decrease in vehicle mile 
traveled in that zone [24]. Cervero and Duncan (2006) 
suggested that job-population index is superior in com-
paring other indices such as entropy [25].

Table 1  Diversity indices proposed in the literature

Diversity indices Description

Entropy
−

∑n

i=1
pi logpi

logn

Pi: Percentage 
of land-use i 
(area-based)

n: Total number 
of land-uses

Job-population balance 1 −
||
|
Job−0.2×Pop

Job+0.2×Pop

||
|

job: Number of 
jobs within a 
specific TAZ

pop: Number 
of residents 
within a 
specific TAZ
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2.1.3  Density

As a BE criterion, population density has defined the pro-
portion of a specific zone’s population to the area of that 
zone [9, 26]. A higher ratio can be found in the Central 
Business District (CBD) of cities, in which walking is more 
encouraged [27].

2.1.4  Distance to Transit

Distance to transit was introduced as another built envi-
ronmental factor affecting walking [28, 29]. Ewing and 
Cervero (2010) employed the shortest distance of an indi-
vidual’s home/workplace to an adjacent public transit stop 
as an indicator of this criterion [1]. The total road network 
coverage of the public transit per TAZ, the average dis-
tance between stations in a TAZ and public transit stations 
density in a TAZ were also used to represent distance to 
transit criteria [24].

2.1.5  Destination Accessibility

Destination accessibility is defined as the ease of accessing 
different destination locations. The distance can measure 
it to various destinations or the number of destinations 
around a location [1].

2.2  Short and long walking trips

A limited number of studies were divided into short and 
long trips based on their lengths. Ferrer et al. (2015) con-
sidered a duration of less than 30—45 min of walking as 
a short walking trip [30]. Mackett (2003) has investigated 
the potential of mode transfer on short trips. In this study, 
the factors that can induce mode change on short trips 
were identified [31].

How long do people usually walk? It is an important 
question in walking literature. Iacono et al. (2008) assessed 
distance-decay functions for different modes and various 
trip purposes. They showed how the tendency of walking 
decreases as the distance increases and also how the travel 
behavior changes based on the purpose of the trip [32].

Short walking trips are generally mentioned in previous 
studies when their distance to public transit was focused. 
Ewing and Cervero (2010) reported a meta-analysis show-
ing a public transport demand elasticity of -0.29, suggest-
ing a 10% increase in distance to a public transit stop 
would decrease public transport-use by approximately 3% 
of trips [1]. A study of the elderly in Florida concluded that 
the people who have lived within 200 m of the bus route 
were three times more likely to use the bus than those 
living 400 m from the bus stop [33]. As a rule of thumb, 
400 m (a quarter-mile) or multiples, such as 800 m (half a 

mile), are considered to be the key distances in network 
and service planning [34].

2.3  Walking and trip purposes

The impact of trip purposes on walking has been explored 
in some of the studies. Yang and Diez-Roux indicated that 
walking distance and duration are significantly associated 
with seven trip purposes [35]. Iacono et al. (2008) found 
people had less desire to walk on shopping trips rather 
than entertainment trips [32]. In another study, work and 
shopping were explored as two different purposes that 
reveal the influencing factors are different in two catego-
ries [36]. Gehrke and Clifton found a similar outcome for 
walking for transportation and discretionary trips [37]. 
Handy (1992) found that more walkable areas encourage 
individuals to run their errands on foot [38]. She also found 
that for purposes such as exercise, the BE impact is not dis-
cernable [38]. In a study among older adults, trip purposes 
are introduced as the main determinant of walking dis-
tance [39]. Habibian and Hosseinzadeh (2018) developed 
a walkability index across different trip purposes, which 
suggests the role of built environment criteria could be dif-
ferent based on trip purposes [18]. In summary, although 
there is a great deal of studies that have focused on trip 
purposes, none of them attempted to test how the role of 
BE factors on walking could be different based on walking 
distance.

3  Study area

The city of Rasht is the largest city in northern Iran along 
the Caspian Sea coast with a population of about 640,000 
as of 2007. Figure 1 shows the urban form of Rasht and its 
112 TAZs. Rudimentary street networks, unorganized and 
dense residential areas, and weak infrastructure compose 
a significant part of the city’s spatial structure [13]. A sig-
nificant burden is placed on the city center because the 
streets originating there and the ring roads that connect 
them shape the street layout’s primary structure [40]. As 
the prominent retail center, the traditional bazaar (TAZ 1) 
is located in the city’s heart, which causes congestion in 
the central part of the city. The share of public transit in 
the city is about 2%, which could be because 86.6% of the 
streets are minor ones and that the public transit is not 
properly developed. In addition, the low rate of car owner-
ship (mean: 0.57 vehicles per household) and weak organi-
zation of taxis, walking has become a favorable mode of 
transportation [41, 42]. Taxis in Rasht are shared-cars that 
should pass in an assigned direction, not common taxis 
worldwide. Furthermore, urban planning studies showed 
that the city of Rasht is treated as a compact city; thus, 
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major part of trips are in walkable distances [42]. The share 
of walking in this city is 31.2% of all trips.

4  Methodology

4.1  Data description

Data from the Rasht Household Travel Survey (RHTS) of 
2007 was used in this study. A questionnaire was distrib-
uted among more than 5,000 households in 112 TAZs. The 
survey aimed to gather a detailed trip description of all 
members of the participating household. Travel modes, 
the starting and ending time of the trip, and the trip pur-
pose were asked to fill out by each family member on a 
specific day. In addition, information about the vehicles’ 
ownership by type (e.g., car, motorcycle, and bicycle) and 
household size, participants socio-demographic, such as 
age, gender and job status, were also gathered [40]. It is 
worth noting that as RHTS has not been updated since 
2007, no more recent data has been available.

The data consists of more than 5,000 households, 
17,000 individuals and 30,000 trips (5,501 work trips, 
4,896 educational trips, 2,737 shopping trips and 15,355 
return-to-home trips). According to RHTS, more than 95% 
of work trips, educational trips and shopping trips were 
home-based. The walk-share related to shopping was 
higher than others; although the walk-share in all trips was 
31%, 47% of shopping trips used walking as the primary 

transportation mode. The average equivalent radius of 
TAZs is about 400 m.

4.1.1  Socio‑demographic

Socio-economic factors in TAZs, including average age, 
household size, bike ownership, motorcycle ownership 
and car ownership, were calculated. Descriptive statistics 
are provided in the first part of Table 2.

4.1.2  Design

Design indices are derived employing the geographic 
information system (GIS) database of the transportation 
network of Rasht (gathered by RHTS). ARC GIS software 
has been employed to derive indices. The second part of 
Table 2 shows descriptive statistics of the design indices.

4.1.3  Diversity

Land-use diversity variables are derived using the RHTS 
land-use database. The third part of Table 2 shows the 
descriptive statistics of the obtained diversity variables.

4.1.4  Density

The calculated population density of each zone is shown 
in the fourth part of Table 2.

4.2  Modeling approach

In this study, linear regression analysis was used to model 
the attributing factors on the share of short and long 
walking trips. This approach has been previously utilized 
in similar disciplines such as estimating subway station 
demands [43] and transit ridership [44] to account for BE 
factors. The share of walking trips was defined as the pro-
portion of walking trips that originated/ended in a TAZ 
on all modes. The share of short and long walking trips in 
a zone for each trip purpose was considered a depend-
ent variable. Socio-demographic characteristics and built 
environment criteria were used as independent variables. 
Considering origins/destination in short/long/all trips and 
four trip purposes resulted in 24 models (2*3*4 = 24). The 
model can be represented in Eq. 1:

A linear regression model assumes that the association 
between the share of walking Yi and each of the explana-
tory variables is linear (Eq. 1). This relationship is modeled 
through an error term ui, an unobserved random variable 
that adds noise to Eq. 1. In developing Eq. 1, the validity of 

Y
i
= �

1
+ �

2
x
2i
+ �

3
x
3i
+⋯ + u

i

Fig. 1  Traffic analysis zones in Rasht
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assumptions such as multicollinearity among independ-
ent variables and homoscedasticity of the erorr term were 
tested to ensure no assumptions violations exist.

4.3  Analyzing process

An aggregated analysis was utilized as each TAZ acted 
as a unit of analysis. Four trip purposes were considered 

in walking trips modeling (i.e., work, education, shop-
ping and return to home). Descriptive statistics, number 
and percentage of each trip purpose were presented in 
Tables 3 and 4.

Table 2  Zone-based 
descriptive statistics

Average Standard 
deviation

Min Max Units

Part 1-Socio-economic variables
1–1 Age average 30.01 2.83 22.33 40.25 year
1–2 Household size 3.51 0.19 3 4.33 person
1–3 Average bike ownership 0.66 0.12 0.375 1.008 –
1–4 Average motor ownership 0.12 0.07 0 0.43 –
1–5 Average car ownership 0.57 0.24 0.26 0.95 –
Part 2-Connectivity indices
2–1 Intersection density 244.5 134.32 1.24 656.29 1/km2

2–2 Percentage of 4-way intersections 14.1 6.44 0 38.9 –
2–3 Cul-de-sac density 146.11 91.01 0 407.8 1/km2

2–4 Number of cul-de-sac 75 62.6 0 363 –
2–5 Number of 3-way 104 80.6 3 449 –
2–6 Number of 4-way 15 11.96 0 69 –
2–7 Ratio of minor streets to major streets 11.57 25.63 0 187.56 –
2–8 Street density 0.017 0.0084 0.004 0.035 m/km2

2–9 3-way intersection density 210.88 116.92 1.24 535 1/km2

2–10 4-way intersection density 33.62 23.98 0 121.2 1/km2

2–11 Connected node ratio 0.62 0.1 0.4 1 –
2–12 Ratio of links to nodes 1.86 0.2 1.55 2.25 1/m
2–13 Gamma index 0.39 0.05 0.33 0.63 –
2–14 Alpha index 0.09 0.059 0.01 0.36 –
2–15 Percentage of 3-way intersections 85.9 10.32 61.09 100
2–16 Number of major 3-way intersections 7.61 7.48 0 49 –
2–17 Number of major 4-way intersections 1.34 1.67 0 11 –
2–18 Ratio of cul-de-sac to nodes 37.01 9.22 0 60 –
2–19 Major street density 3653.4 2967.5 0 16,149.4 m/km2

2–20 Minor street density 21,648 8836.3 610 36,898 m/km2

2–21 Average link length 54.37 24.95 27.2 227.46 m
2–22 Node connectivity 0.60 0.13 0.32 1.34 –
2–23 Link connectivity 18.30 26.20 0.03 166.50 –
Part3-Diversity indices
3–1 Entropy index 0.33 0.19 0 0.83 –
3–2 Herfindal-Hershman index 0.72 0.18 0.29 1 –
3–3 Mixed-use index 35.8 11.3 1.64 50 –
3–4 Job-pop balance 0.56 0.29 0 1
Part4-Density index
4–1 Population density 10,100 6600 0 28,700 1/km2

Part5-Destination accessibility indices
5–1 Areal distance to CBD 2629 1712 0 10,626 m
5–2 Network distance to CBD 3334 2318 0 14,782 m
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4.4  Short and long walking trip threshold

In this section, an attempt was conducted to identify a 
boundary for short and long trips. The visualization of 
cumulative percentage of walking trips versus trip length 
(Fig. 2) showed there is a discernible difference in slopes 
before  (m1 = 0.19) and after  (m2 = 0.04) the threshold (i.e., 
600-m trips). Moreover, most of the literature studies intro-
duced 400 m and 800 m as the two desirable distances 
for walking. The threshold was also the average of these 

two distances. For these reasons, 600 m was chosen as the 
threshold for short and long trips. As mentioned before, 
since there was no actual length of each trip in the data-
base, the distance between centroids of origin and desti-
nation TAZs was considered the trips’ length. As long as 
Rasht TAZs had the same approximate area of the zones 
(TAZs in CBD, not the suburb), the error is not substan-
sial. In inter-zonal trips, the distance between centers of 
equivalent zone radius was considered as the walking trips’ 
distances. In intra-zone walking trips, the equivalent radius 
of each TAZ was considered as the walk length. The data of 
the precise travel distance and time in walking is always a 
concern in household travel surveys. Agrawal and Schimek 
(2007), using National Household Travel Survey data from 
the United States in 2001, acknowledge that because 
many individuals have an imprecise sense of distances, 
the trip distance is unlikely to be estimated accurately [45, 
46]. In this study, the main mode of the trip is the only one 
reported. For instance, if an individual walked to public 
transit and used it to reach the destination, public transit 
was reported as their trip mode.

Table 3  Number and percentage (pct) of the walking trip on each 
trip purpose

Walking trips All modes trips Pct. of 
walking 
trips

Work 892 5501 16.2
Educational 1805 4896 36.9
Shopping 1295 2737 47.3
Return to home 4901 15,355 31.9

Table 4  Number and 
percentage of the short and 
long walking trip on each trip 
purpose

Work Educational Shopping Return to home

Number Percent Number Percent Number Percent Number Percent

Short walking trips 359 40.3 603 33.5 589 45.5 1835 37.5
Long walking trips 533 59.7 1202 66.5 706 54.5 3066 62.5
Walking trips 892 100 1805 100 1295 100 4901 100

Fig. 2  Short and long trips 
threshold
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5  Results

5.1  Walking trip origins modeling

In this section, walking trip origins models are repre-
sented (see Table 5).

According to the results (reported in Table 5), pop-
ulation density in short walking trips origins across 
all trip purposes was significant. Moreover, average 
link length in short educational walking trips origins 
(p-value = 0.053), link connectivity in short shop-
ping walking trips (p-value = 0.001) and job-popu-
lation balance in short return-to-home trips origins 
(p-value = 0.001) were found significant. In long walking 
trips origins, car ownership and link connectivity in edu-
cational (p-value = 0.023) and shopping (p-value = 0.036) 

trips were significant. Moreover, job-population balance 
contributed to a significant increase in walking in return-
to-home long walking trips origins (p-value = 0.001). 
None of the demographics and built environmental fac-
tors were not significant in long work walking trips. The 
goodness of fits in short and long walking trips’ origins 
varied from 0.066 to 0.277.

5.2  Walking trip destinations models

In this section, walking trip destination models are rep-
resented (See Table 6).

According to the results (reported in Table 6), popu-
lation density in short walking trips destinations across 
all trip purposes and job-population balance in short 
work (p-value = 0.017), educational (p-value = 0.032) 
and shopping (p-value = 0.067) walking trips were found 
significant. Moreover, a shorter average link length was 
associated with a higher percentage of walking trips in 

Table 5  Walking trip origins models across various trip purposes

***, ** and * means 99%, 95% and 90% level of significance, respec-
tively

All trips Long trips Short trips All trips

Work trips
0.12*** – 0.023*** Constant
0.00029** – 0.00042*** Population density
0.00066*** – – Link connectivity
0.066 – 0.123 R2

0.049 – 0.115 Adj-R2

Educational trips
0.259** 0.28*** 0.196** Constant
0.001** – 0.00048** Population Density
– –0.126** – Car ownership
0.042** 0.019* – Link connectivity
– – -0.0022* Average link length
0.173 0.083 0.111 R2

0.158 0.066 0.094 Adj-R2

Shopping trips
0.215*** 0.222*** 0.102*** Constant
0.001*** – 0.0009*** Population density
– –0.121** – Car ownership
0.129** – – Job-pop balance
0.66*** 0.19* 0.068*** Link connectivity
0.396 0.076 0.288 R2

0.38 0.059 0.274 Adj-R2

Return-to-home trips
0.101*** 0.092*** –0.017*** Constant
0.0003* – 0.001*** Population density
0.362*** 0.182*** 0.151*** Job-pop balance
0.479 0.117 0.29 R2

0.47 0.109 0.277 Adj-R2

Table 6  Walking trip destinations models across various trip pur-
poses

***, ** and * means 99%, 95% and 90% level of significance, respec-
tively

All trips Long trips Short trips All trips

Work trips
0.054** 0.041* 0.160*** Constant

– 0.0004*** Population density
0.218*** 0.099*** 0.086** Job-pop balance
0.234 0.063 0.175 R2

0.227 0.054 0.16 Adj-R2

Educational trips
0.232*** 0.088** 0.006*** Constant

– 0.001*** Population density
0.387*** 0.262*** 0.123** Job-pop balance
–0.001* – – Average link length
0.234 0.118 0.112 R2

0.227 0.11 0.096 Adj-R2

Shopping trips
0.232 0.165** 0.045 Constant
0.001* – 0.002*** Population density
0.548*** 0.244** 0.209* Job-pop balance
0.338 0.048 0.164 R2

0.326 0.038 0.147 Adj-R2

Return-to-home trips
0.113*** 0.131*** 0.113*** Constant
0.001*** – 0.001*** population density
– 0.058* – Job-pop balance
–0.001** – –0.001** Average link length
0.299 0.029 0.299 R2

0.286 0.02 0.286 Adj-R2
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short return-to-home trips (p-value = 0.041). A higher 
job-population balance in long walking trips was sig-
nificantly increased percentage of walking trips across 
all trip purposes. The goodness of fits in short and long 
walking trips destination varied from 0.020 to 0.286.

6  Discussion

6.1  Walking trip origins modeling

According to Table 5, in long educational and shopping 
trips (their origin zone is usually located at their residential 
zone), car ownership was significant, implying that indi-
viduals prefer to use their cars on longer trips. This would 
be more influential in shopping trips since the long trip 
length and additional baggage would put strain on a 
walker.

Connectivity measures in short and long educational 
and shopping trips were found significant. Link connec-
tivity and the average length of links were influential in 
four models of short/long educational/shopping trips. Link 
connectivity ensures a denser network of minor roads. Its 
significance in educational trips may be due to lower car 
speeds in minor links, which provides safety for children 
on educational trips. Previous studies also verified the 
importance of safety in educational walking trips [47–50]. 
The negative sign in the average length of links means 
shorter average lengths in a TAZ resulted in a higher share 
of walking in that TAZ. It would be due to the lower speed 
of cars in these links since drivers do not have enough 
time to increase their speeds between two intersections. 
As is mentioned, the road network in Rasht is rudimentary 
because there are not separate streets and sidewalks.

As illustrated by the models, BE criteria resulted in 
higher goodness of fit in walking trip origins in shop-
ping (Adj R-squared = 0.274) and return-to-home (Adj 
R-squared = 0.277) short trips compared to the long shop-
ping (Adj R-squared = 0.059) and return-to-home (Adj 
R-squared = 0.109). The reason could be individuals have 
more free time on these trips versus work and educational 
trips, which shorter distances motivate individuals to walk.

6.2  Walking trip destinations models

Job-population balance, as a proxy of diversity, shows 
whether there is an equilibrium between job opportuni-
ties and residents in a TAZ. The positive sign of the index 
in the models means this balance positively impacts the 
increasing share of walking in a zone. Job-population 
balance was found influential in work, educational and 
shopping trips, in which the destination zone of trips is on 
the other side of individuals residing zone. This outcome 

suggests job-population balance is a proxy of the destina-
tion zone be interesting enough to encourage people to 
walk.

Overall, decomposing trips to short and long trips does 
not ensure a higher prediction power of trips comparing 
all trips. In three out of four production walking trip mod-
els and three out of four destination walking trip models, 
general models have higher goodness of fit.

6.3  Discussion inferences

The outcome shows that population density was signifi-
cant in all eight origins and destinations models of short 
walking trips, while it was not in any long walking trip 
models. This finding highlights the importance of popu-
lation density in short walking trips.

Job-population balance was significant for both short 
and long walking trips’ destination in seven out of eight 
models. This finding highlights the importance of job-
population balance as an index of diversity criteria. In 
this study, in contrast with the previous studies [8, 10, 11], 
diversity criterion (i.e., job-population balance) was more 
significant in the TAZs, which is not the individuals’ resid-
ing area.

Generally, shopping and return-to-home short walking 
trips resulted in higher goodness of fit than work and edu-
cational short walking trips. While short shopping walking 
trips’ goodness of fit were 0.274 and 0.147 and return-to-
home walking trips’ goodness of fit were 0.277 and 0.286 
in origin and destination, the same measurements for 
work trips were 0.115 and 0.160 and for educational trips 
were 0.094 and 0.096. The reason could be individuals’ 
free time in shopping and return-to-home trips. Work and 
educational trips may limit individuals to a specific place 
for a fixed time. However, the models could not find any 
specific relationship in the goodness of fit in long walking 
trips. It worth noting that due to the abundant of factors 
involved and individuals’ preferences, the goodness of fit 
in similar studies is usually not that high [9, 12, 14, 36, 51].

7  Conclusion

In this study, 24 models have been developed to identify 
influencing factors on walking. In this regard, based on the 
diagram of the cumulative trips and lengths of trips, 600 m 
is used as a proxy between short and long walking trips.

The results found the impact of population density 
mostly on short walking trips, design (connectivity) fac-
tors on the share of walking in origin TAZs and job-pop-
ulation index, as a diversity index, on the share of walk-
ing in destination TAZs. The results show the goodness of 
fit is higher in short trips than long ones. It seems that 
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shorter distances are more compatible with walking. In 
other words, as the distance increases, the impact of BE 
decreases.

This paper’s results could provide more in-depth knowl-
edge of different aspects of walking and move toward pro-
moting sustainable transportation. Moreover, this paper 
could have implications for transportation, built environ-
ments, land-use, and even public health professionals and 
planners trying to effectively increase the overall use of 
walking, enhancing citizens’ health indicators and indi-
viduals’ quality of life.

Some limitations are important to point out. First, the 
exact length of trips is not reported in the database, and 
to evaluate the trip length, the distance between centroids 
of trip origin and destination have been used. In a macro-
scale analysis, 600 m is considered a threshold between 
short and long walking trips, based on the considerable 
difference in the cumulative diagram slope. However, this 
value may be affected by the scale of the study zones. Sec-
ond, the major way of commuting is reported by individu-
als, not the details of their trip chain in a day.

Furthermore, there is information about individuals’ 
origin and destination zone, not the exact route of their 
trip. If the exact route was given, all the zones involved 
could be considered in the analysis. Although wide ranges 
of indices are calculated, some others could help reach 
more profound results, such as density of bus stops, pedes-
trian catchment area, block density, and pedestrian route 
directness. Besides, various path attributes, such as slope, 
adjacent traffic volumes and presence (and width) of 
sidewalks, were not available in this study but could help 
reflect some key factors influencing walking for various 
trip purposes.
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