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1 Introduction

Transport impact significantly on the well-being of individuals and communities as
lack of suitable and affordable transportation canmarginalize different groups within
society by creating barriers to access to various urban facilities [1, 2]. While Indian
cities are major contributors to country’s (nearly 70% share in the Gross National
Product (GNP) of the country), urban poor (nearly 50% of the city’s population) can
gain access to urban facilities (i.e., source of income, health, and educational insti-
tutions) by investing immense physical effort and long travel time [3, 4]. Urban poor
encounters a complex trade-off among residential location, travel distance, and travel
mode, intending to minimize the social exclusion resulting from low earning poten-
tial [5]. Besides, the growth of motorization impacts urban poor well-being directly
(e.g., increase of travel time and travel cost to workplaces travel time) and indirectly
(e.g., inadequate access to public transport, low priority to infrastructure planning
for non-motorized transportation, biases in investment, and regulatory policies) [6,
7]. Thus, general urban mobility policies without inclusion of urban poor targeted
mobility strategies aiming to address transport inequity would result in no benefits
to the poor [8–14]. Due to lack of narratives regarding urban poor, the master plans
or city development plans have very little emphasis to address the mobility issues of
urban poor specifically through more rationale location of job centers in proximity to
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their residential areas. In addition, narrow range of researches on how limited acces-
sibility and mobility can result in decreased quality of life and well-being of urban
poor especially in developing country like India fails to give insight into application
of appropriate inclusive transportation planning interventions. In this context, this
research would be helpful for evolving scientific slum specific planning strategies
and special schemes focusing on improvement of mobility of urban poor using the
concept of accessibility.

2 Methodology

A four-phase methodology has been adopted in this research to assess the impact
of accessibility on the socioeconomic condition of urban poor. This paper is based
on an empirical study conducted on slum dwellers Kolkata. The study based on
surveys of 200 slum dwellers spread over eight slums has analyzed socioeconomic
characteristics and mobility pattern of urban poor in case of slums in Kolkata. In the
second phase, descriptive statistical analysis has been conducted to give an overview
regarding socioeconomic condition of slums. In the third phase, accessibility of
those slums have been assessed based on three types of accessibility indexes such
as transport accessibility index, public transport accessibility index, and Hansen’s
access to employment opportunity index.

Transport accessibility index reflects thewalking time from the point-of-interest to
the transport access point, the reliability of the service modes available, the number
of services available within the catchment, and the level of service at the public
transport access points, i.e., average waiting time. It has been calculated for all mode
separately which includes access time and waiting time for mode [15].

Total Access Time = Walk Time + Average Waiting Time. (1)

For each selected route, the scheduled waiting time (SWT) is calculated. This is
estimated as half the headway (i.e., the interval between services).

SWT = 0.5 ∗ (60/Frequency). (2)

The access time is converted to an equivalent doorstep frequency (EDF).

EDF = 30/Total Access Time (minutes). (3)

Thus, for a single transport mode, the AIs can be calculated using the following
formula:

AImode = EDFmax + (0.5 ∗ All other EDFs). (4)



Impact of Accessibility on Mobility and Socioeconomic … 63

Calculating the overall accessibility index is a sum of the individual AIs over all
modes:

AIpoi = �(AImode 1 + AImode 2 + AImode 3 · · · AImode n ). (5)

Themeasure does not include the speed or utility of accessible services, crowding,
the ability to board services, and ease of interchange.

Public transport accessibility index X j of zone j is defined as: X j = √
(Nij/Aj),

where N ij is off-peak frequency of route I passing through zone j and Aj is an area of
zone j. Hansen’s access to employment opportunity index provides accessibility to
various employment opportunities in an urban area [16]. It is calculated on the basis
of a number of formal job opportunities and distance from slum location to the job
locations. It is calculated as follows:

εEj/Dij. (6)

where Ej is a number of jobs and Dij is the distance from zone i (slum location)
to zone j (job location) and only formal job opportunities are included for index
calculation.

After calculating three types of accessibility index value for eight slums, the
impact of accessibility on socioeconomic condition has been assessed. This analysis
has aimed to given an insight to conclude among three types of accessibility which
one is the more impactful for determination of quality of life. Finally, the paper
has been concluded with the highlights on the assumptions and limitations of this
research.

3 Case Study Profile

The study area is the Kolkata Metropolitan Corporation Area (KMC) which has an
area of 1875 km2 with a population of 4.58million people at a density of 7978 persons
per km2 and comprising 141wards. One third ofKolkata’s population lives in approx-
imately 7000 notified and un-notified slums in Kolkata Metropolitan Areas and 1236
notified slums within KMC. A wide range of modal alternatives starting from old
transportation systems (e.g., trams, ferries, hand-driven rickshaws, circular rail, espe-
cially found in inner city) to advanced transportation systems (e.g., e-rickshaw, public
bicycle sharing, OLA/UBER, and taxi) is available in this city along with other
common public transportation system and paratransits (e.g., bus, train, metro, shared
auto, and rickshaw).
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4 Database

For the study, a sample of 200 slum dwellers from eight slums in the city was chosen
considering various factors like accessibility to transit services, geographically loca-
tion, and access to work centers and local shopping areas besides other social infras-
tructure facilities such as health centers, schools, and community halls (Fig. 1). The
city ofKolkata has an estimated33%of its population inhabitedby slumdwellers. The
case slums in the city were selected considering factors like accessibility to transit
services, geographically location, and access to work centers and local shopping
areas besides other social infrastructure facilities such as health centers, schools, and
community halls. Households were selected randomly to perform household survey
in each selected slum to collect household and individual level socioeconomic char-
acteristics and trip details for a representative day of the week. In addition, bus stop
boarding alighting survey was performed at the nearest bus stop of household survey
locations which helped in computing public transport accessibility index (readers are
requested to refer Nayak and Gupta [17] for further insights).

Fig. 1 Location of selected slums for survey
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5 Socioeconomic Characteristics and Mobility Pattern
of Case Slum Dweller

Eight case slums from KMC area have been selected for this research which are
located in three different areas with the different socioeconomic pattern. While three
slums are located in the inner area (Zajaria road slum, Garcha road slum, andGossain
para basti)which is oldCBDarea ofKolkata, two are located in themiddle area (Suren
Sarkar street and Jojbagan basti) and three are in outer area (Ghol para basti, Tangra,
and Ayub nagar basti) which is relatively undeveloped low-density outskirts area,
respectively.

From the descriptive statistical analysis (Fig. 2), it is observed that the ratio of
male–female is almost same in all the three areas slums, but literacy rate decreases in
slums which are located at outer areas in comparison with inner area slums. Further,
it has been observed that per capita income and the number of earners in family
decreased in slum dwellers residing away from the city center in comparison with
inner area slum dwellers, while the expenditure on transport is higher in outer area
slums compared to inner area slums owing to inaccessibility factors. In terms of

Fig. 2 Socioeconomic and mobility characteristics of slum dwellers
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mobility pattern, it has been found that per capita trip rate decreases in slums located
away from the city center, while the trip length and travel time increase for outer
area slums. For three areas, poor people mainly commute by walk followed by bus.
Among three areas in the inner area, the percentage of slum dwellers commute on
foot is higher since facilities and job centers are located within walking distance, and
in most of part of the inner area, cycle is banned, so walk is an only suitable option
for poor. In middle and outer areas where the cycles are allowed, nearly 10 and 6%
of slums dwellers use cycle, respectively.

6 Assessment of Accessibility Levels

In order to assess the accessibility levels of different slums and its impact on socioe-
conomic condition and empowerment of slum dwellers, three types of accessibility
indices are chosen such as overall transport accessibility index, public transport
accessibility index, and Hansen’s access to employment opportunity index, respec-
tively. Based on the cited accessibility indices, the impacts of accessibility indices
on socioeconomic and mobility pattern of slum dwellers have been analyzed in this
section.

6.1 Transport Accessibility Index

Transport accessibility index reflects walking time from the point-of-interest to the
transport access point, the reliability of the service modes available, the number
of services available within the catchment, and the level of service at the public
transport access points—i.e., average waiting time. It has been calculated for all
modes separately which include access time and waiting time for mode. Depending
on this index value (Table 1), case slums are categorized into a good, moderate, and
poor accessible category, and accordingly slum no 1to 3 are under good accessibility,
4 and 5 moderate, while 6 to 8 have poor accessibility levels, respectively. From the
spatial distribution (Fig. 3) of the slums, it can be concluded that as the slums are
located away from the core of the city transportation accessibility has been decreased.

6.2 Public Transport Accessibility

As poor people mostly use bus to commuter longer distances, the assessment of
public transportation accessibility separately is important. Zajaria Slum (Slum 1)
which is located in the inner zone has the highest accessibility, while Ayub Nagar
Basti, located at outskirts, has the lowest accessibility (Table 1). It is observed that
with the increase in transport accessibility and public transport accessibility, the



Impact of Accessibility on Mobility and Socioeconomic … 67

Ta
bl
e
1

A
cc
es
si
bi
lit
y
le
ve
ls
of

ca
se

sl
um

dw
el
le
rs

Range of 
Index

Descriptio
n 

Slums

Off-peak 
frequency 

of routes 
passing 

through 
Area 

(sq.km.) 
(Aj)
PT 

Accessibili
ty Index

Slum No

Employme
nt Index

T
ra

ns
po

rt
 a

cc
es

si
bi

lit
y 

in
de

x
Pu

bl
ic

 tr
an

sp
or

t 
ac

ce
ss

ib
ili

ty
 in

de
x

H
an

se
n’

s 
ac

ce
ss

 to
 

em
pl

oy
m

en
t 

op
po

rt
un

ity
 

in
de

x

0.
01

–2
.5

V
er

y 
po

or
6,

7 
an

d
8

19
0.

28
8.

23
1

1,
38

,2
92

2.
51

–
5.

00
V

er
y 

po
or

3
0.

5
2.

45
2

1,
08

,9
79

5.
01

–
10

.0
0

Po
or

5
0.

28
4.

23
3

89
,2

28

10
.0

1–
15

.0
0

M
od

e
ra

te
4 

an
d 

5
19

8.
04

1.
54

4
83

,9
72

15
.0

1–
20

.0
0

G
oo

d
1,

 2
, 3

10
0.

5
4.

47
5

56
,0

51

20
.0

1–
25

.0
0

V
er

y 
go

od
1

3.
14

0.
56

6
52

,2
39

25
.0

1–
40

.0
0

Ex
ce

ll
en

t
2

3.
14

0.
79

7
31

,5
04

40
.0

1+
Ex

ce
ll

en
t

2
18

.1
0.

33
8

12
,1

06

Map 
colour



68 S. Nayak and S. Gupta

Fig. 3 Spatial distribution of transportation accessibility

average travel time and waiting time decrease, while per capita trip rate increases
(Fig. 4). Also, people from good accessible areas can travel a longer distance and
access to an area with more job opportunities which results in an increase of workers
in the formal sector, higher per capita monthly income with reduced transportation
expenditure, thus resulting in increased savings.

Fig. 4 Impact of transportation accessibility and public transport accessibility on socioeconomic
and mobility of slum dwellers
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6.3 Hansen’s Access to Employment Opportunity Index

Hansen’s access to employment opportunity index provides the accessibility to
various employment opportunities. It is calculated on the basis of a number of formal
job opportunities and distance from slum location to the job location. The access to
employment opportunity calculation procedure for slum 1 is given in Table 2.

It is observed that the average monthly per capita income increases with the
increase of access to employment opportunity using Hansen’s accessibility index
formula. As a result, with improved income and reduced trip expenditure, the house-
hold savings increases which help to improve the quality of life of slum dweller
reflected by an increase of child literacy rates, a decrease of child labor rate, and
increase of a number of people involved in formal secure jobs. In all the regression
equations, the high R-square value (> 0.6) and robust sign and small constant value
have established good statistical fit (Fig. 5).

It is further observed that (Table 3) when both transport accessibility index and
employment opportunity indexes both are high, then the income of slum dwellers is
highest (slum number 1–3). The average monthly savings of slum dwellers residing

Table 2 Hansen’s accessibility index calculation for Slum 1

Job location No. of jobs Distance (Km) Hansen’s employment index

45 (B.B.D. Bag) 26,562 2.2 12,074.07

46 (Esplanade) 22,500 2 11,250

47 (chadni) 35,000 1 35,000

150 (Saltlake) 24,300 17.4 1396.55

Within Ward 55,000 0.7 78,571.42

Fig. 5 Impact of Hansen’s accessibility to employment’s opportunity index on socioeconomic and
mobility of slum dwellers
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in slum number 5 which has good transport accessibility but moderate accessibility
to employment opportunity is higher than slum dwellers residing in slum number
4 which has moderate transport accessibility but good accessibility to employment
opportunity. The per capita average monthly savings is more sensitive with trans-
port accessibility than accessibility to employment opportunity highlighting the
importance of transport accessibility.

7 Conclusion

This paper has attempted to analyze the accessibility of slum dwellers of Kolkata and
its impact on their socioeconomic condition andmobility pattern. The paper using the
indices of transport accessibility, public transport accessibility, and Hansen’s access
to employment opportunities index, respectively, brings out the impact of varying
accessibility levels on the economic well-being of case slum dwellers. It is observed
from the findings that an improvement of accessibility to transport, particularly espe-
cially public transport, followed by accessibility to the employment opportunity is
indispensable for holistic improvement of case slum dwellers. It is concluded that
transport accessibility is more sensitive with regard to economic upliftment of slum
dwellers as a consequent to enhancedmobility levels in comparisonwith accessibility
to employment opportunity. This reveals that policy plannersmust laymore emphasis
on the enhancement of transportation accessibility as part of pro-poor mobility poli-
cies and strategies. The impact of different policies on transportation accessibility as
well as quality of life of urban poormay be analyzed in future whichwill assist policy
makers for selection of the right mix of policies. This research has been limited to
the slum dwellers only. The other section of urban poor such as homeless, people
lived in squatter settlements could be included. In future, this study can be extended
for the other socioeconomic strata also and interface among them can be established.
In addition, this study can be conducted in other cities in India for preparation of
national level policy to create an inclusive travel environment.
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Appendix: Survey Questionnaire
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