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ABSTRACT

Many regions and groups focus on urban transportation development to benefit urban residents in
crowded Indian cities. In this thesis, I explore whether urban transportation development can benefit
slum-dwellers. If true, then urban transportation development could reduce the frequency of slums and
enhance the conditions of slums. I compare my analysis of Hyderabad slums to a study about Mumbai
workers by Baker et al. (2005). I find that train stations, but not bus stations, more significantly affect the
percentage share of worker commuting distances. Therefore, Hyderabad is moving in the right direction
with train infrastructure growth the past few years and in the near future. This will benefit slum workers.

ii

TABLE OF CONTENTS
LIST OF FIGURES ..................................................................................................... iv
LIST OF TABLES ....................................................................................................... v
ACKNOWLEDGEMENTS ......................................................................................... vi
Chapter 1 Introduction: Slums and Slum Development .............................................. 1
1.1 Academic Research in Slums ..................................................................................... 3
1.2 Slum Free Plans.......................................................................................................... 4

Chapter 2 Urban Transportation Network and Development and Hyderabad ............. 6
2.1 Hyderabad Transportation Network and Development.............................................. 7
2.2 Background of the City of Hyderabad ....................................................................... 9

Chapter 3 Significance of Worker Commuting Distance as a Dependent Variable .... 12
3.1 Wealth ........................................................................................................................ 13
3.2 Access to Motorized Transit ...................................................................................... 14

Chapter 4 Hyderabad Slum Data ................................................................................. 15
4.1 The RAY Scheme ...................................................................................................... 16
4.2 Hyderabad Data Characteristics ................................................................................. 16

Chapter 5 Comparing the Working Poor of Mumbai to the Slum Dwellers of Hyderabad19
5.1 Income Groups ........................................................................................................... 20
5.2 Comparing Commuting Distance Distribution Groups .............................................. 21

Chapter 6 Breaking Up Total Commuting Distance .................................................... 26
6.1 Slum Identification ..................................................................................................... 27
6.2 Finding the Nearest Bus Stop ..................................................................................... 28
6.3 Finding the Nearest Train Stations ............................................................................. 29
6.4 Finding the Nearest Central Business District ........................................................... 32
6.5 Slum Center to Nearest Central Business District ..................................................... 35

Chapter 7 Analysis ....................................................................................................... 36
7.1 Regression Equations ................................................................................................. 36
7.2 Distance from a Slum Center to a Transit Station ...................................................... 40

iii
7.3 Conclusions and Policy Suggestions .......................................................................... 45
7.4 Future Study ............................................................................................................... 46

Appendix A Train Stations Data ................................................................................. 48
Appendix B Regression Tables ................................................................................... 51
REFERENCES ............................................................................................................ 56

iv

LIST OF FIGURES
Figure 1: Map of India and Location of Hyderabad ................................................................ 10
Figure 2: Map of Hyderabad Slums ......................................................................................... 15
Figure 3: Distribution of One Way Commute Distances in Mumbai ...................................... 22
Figure 4: All Mean Percent Commuting Distances in Hyderabad ........................................... 23
Figure 5: Percent Commuting Distances in Mumbai ............................................................... 24
Figure 6: All Mean Percent Commuting Distances in Hyderabad - Adjusted ......................... 25
Figure 7: Distribution of Slum Center to Bus Stop Distances (in meters) ............................... 29
Figure 8: Map of GHMC and Train Stations ........................................................................... 30
Figure 9: Distribution of Slum Center to Nearest Train Station Distances .............................. 31
Figure 10: Map of GHMC and Central Business Districts ...................................................... 33
Figure 11: Distribution of Bus Stop to Central Business District Distances ........................... 34
Figure 12: Distribution of Train Station to Central Business District Distances ..................... 34
Figure 13: Distribution of Slum Center to Nearest Central Business District Distances ......... 35
Figure 14: Polynomial Regression of 5 plus km Commute Group .......................................... 37
Figure 15: Polynomial Regression of 0 - 1 km Commute Group ............................................ 38
Figure 16: Profile of Percent Commute 0 - 1 km and Distance to Bus Stop by Income and SC CBD Levels ...................................................................................................................... 40
Figure 17: Profile of Percent Commute 0 - 1 km and Distance to Train Station by Income and SC
- CBD Levels ................................................................................................................... 41
Figure 18: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - BS, Income, &
SC - CBD (0, 5)................................................................................................................ 43
Figure 19: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - BS, Income, &
SC - CBD (5, 10).............................................................................................................. 43
Figure 20: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - TS, Income, &
SC - CBD (0, 5)................................................................................................................ 44
Figure 21: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - TS, Income, &
SC - CBD (5, 10).............................................................................................................. 44

v

LIST OF TABLES
Table 1: Hyderabad Data Characteristics................................................................................. 17
Table 2: Income Groups in Mumbai and Hyderabad ............................................................... 21
Table 3: Commuting Distance Groups in Kilometers .............................................................. 23
Table 4: Mode of Transportation of Poor Workers .................................................................. 26
Table 5: Slum Identification .................................................................................................... 27
Table 6: Slum Center to Nearest Bus Stop (in meters) ............................................................ 29
Table 7: Slum Center to Nearest Train Station (in km) ........................................................... 31
Table 8: Central Business Districts in Hyderabad ................................................................... 32
Table 9: Station to Nearest Central Business District (in km) ................................................. 33
Table 10: Slum Center to Nearest Central Business District (in km) ...................................... 35
Table 11: Train Stations in Hyderabad .................................................................................... 48
Table 12: Slum Center to Nearest Central Business District Regressions ............................... 51
Table 13: Distances through Stations (Linear) Regressions .................................................... 52
Table 14: Distances through Stations Regressions .................................................................. 52
Table 15: Distances to Stations Regressions............................................................................ 53
Table 16: Distances from Stations Regressions ....................................................................... 54

vi

ACKNOWLEDGEMENTS

Thank you to everyone who has aided me in the completion of this thesis. Special thanks to: Dr.
Michael Gechter for your guidance and support, Nikhilesh Sinha for information about the data used in
this thesis, Dr. James Tybout and honors Economics classmates for your support and suggestions during
the honors thesis process, and my Family and Friends for your encouragement and support.

1

Introduction: Slums and Slum Development
Slums can contain unimaginable living conditions for those from more developed countries.
However, not all slums are so “bad.” Slums and workers living in slums contribute to the productivity of
their slum and the greater city in which they reside. They are integrated centers of working and
residential communities within their cities.
A slum is a densely populated urban area within or near a city that is informally structured, with
low-quality housing, not enough living space, lack of basic public services, low quality of services that
are available, and mostly informal residents (Marx et al., 2013). All of these characteristics contribute to
poor health and “low levels of human capital” (Marx et al., 2013). Slums tend to be overcrowded, and
densely populated (United Nations, 2003). Multiple persons share a single room for sleeping, preparing
food, and as general living quarters. Slum dwellers live close together, often in substandard,
impermanent, or illegal housing structures. Buildings may be rundown, or made of substandard building
materials. The lack of basic public services includes the lack of sanitation facilities and safe water
sources. Often, other services such as electricity, paved roads, or waste collection systems are also not
present in slums. These conditions contribute to overall unsafe and unhealthy living conditions.
Overcrowded slums lacking basic services are often very polluted and unclean environments. Their
informal layout may be built upon flood plains or too close to industrial areas. An informal resident or
informal neighborhood is classified as “informal” if people reside on land intended for a non-residential
purpose. Less than 8 percent of Hyderabad slum dwellers are deemed informal residents, as described in
Chapter 41 (GHMC Slum Survey Data 2012). All of these characteristics contribute to poverty within
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Chapter 4 describes Hyderabad slums using GHMC Slum Survey Data 2012.
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slums. Slum conditions limit the health and human capital acquisition of slum dwellers. Residents may
also be socially marginalized if they are migrants, or religious or ethnic minorities.
Although slums can be described by all of the above characteristics, slums can still be very
different from each other. One can classify slums as more negative or more positive neighborhoods.
Slums can be “slums of despair,” or deteriorating neighborhoods that have worsening environments and
eroding services (United Nations, 2003). Other slums are more upward in nature, called “slums of hope.”
These slums are newer, still growing and developing. Illegal residents, hoping to improve their condition,
live in self-built structures in slums of hope.
Given the conditions of slums, one may wonder why people choose to move to or live in slums.
Generally, urbanization occurs when people feel as if they lack opportunities in rural areas and believe
they can find better alternatives in urban areas (United Nations, 2003). Over time, technology targeting
agriculture production has increased rural productivity, but lessened the demand for rural workers. These
workers are thus pushed out of rural areas. People may be pulled to urban areas, despite the nature of the
lifestyle within a slum, because they believe there are more opportunities available in the city, regardless
of whether opportunities are in the formal or informal sector.
Slums can be neighborhoods of transition. When migrants leave rural areas and first move to
cities, they reside in slums. Over time, the slum dwellers will move out of slum neighborhoods and into
more formal settlement areas within the city. As they leave, new migrants continue to move into slums.
Even though some people are using slums as a sort of stepping-stone to better lives and are leaving slums,
slums around the world continue to grow and many slum dwellers are trapped in slums for generations.
Therefore, slums can also be poverty traps. This is the primary concept that Marx et al. (2013) present.
Since residents cannot or do not leave the slum, they are limited by both resources available in the slum
and by the slum.
Unfortunately for slum dwellers, public and private investments are limited in slums, which
hinders mobility. This can occur due to the informality of the slum or disorganization of the government
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or private sectors. Since slums are informal areas, they frequently do not qualify for “urban planning or
public upgrading projects” (Marx et al., 2013). A lack of private and public investment in and nearby
slums often limits slum dwellers from taking advantage of services and employment opportunities located
in the city. Marx et al. (2013) explore how private and public policies enhance development in slums and
increase the mobility of slum dwellers. This thesis explores how investment in transportation
infrastructure could affect the commuting distance of slum dwelling workers.

1.1 Academic Research in Slums
One of the biggest issues in analyzing slum dweller productivity and mobility is the quantity and
accuracy of economic research of slums. Generally, economic research in less developed countries can
be problematic. There can be a lack of data available. Accessing available data can be challenging, since
data may not be available to the public or to researchers easily. When data is available, it may not also be
consistent over time or accurately measured. This diminishes the reliability of conclusions from research.
The aforementioned issues are even more prevalent in slums. In addition, data collectors are
challenged by the turnover rates of respondents (Marx et al., 2013). Some target respondents may be
infrequently present at their home for a variety of reasons. And the personal safety of the researcher may
be at risk.
Kit et al. (2014) notes that slum status of neighborhoods may change over time. Some
neighborhoods classified as slums by official authorities do not remain slums over time yet maintain their
slum status, while others may remain slums but lose their slum status. The lack of accuracy of
designations challenges the accuracy of studying true slum dwellers and slums. When studying urban
populations, there can be a huge gap in data collection, since slum dwellers can be considered
“statistically identical” to non-slum dwellers (Kit et al., 2014). This gap occurs because it may be easier
to collect information from middle class or upper class urban dwellers who reside and work in more
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formal areas of the city. Although slums are informally structured, specific types of people researchers
target may not actually reside in slums (Tripathi, 2015). For example, Tripathi (2015) notes that poorer
unemployed persons may actually reside in “streets, footpath, [or other] areas not defined as slum areas.”
The GHMC Slum Survey Data 2012 used in this thesis avoids some of these issues, since
collection targeted slum dwellers in Hyderabad under the RAY scheme. The data and RAY scheme are
described in Chapter 4.

1.2 Slum Free Plans
Many attempts toward slum development have occurred since India’s independence in 1947.
However, few plans for slum development have been fully attempted and even fewer have actually been
successful. Before India’s independence from Great Britain in 1947, there were no systematic policies
concerning urban slums and squatters at the national or local levels (Siddique, 2002). After
independence, policies still varied at the national, state, and city levels. However, the Central
Government did include “plans for subsidized housing” in their Five Year Plans (Siddique, 2002).
Overall, limited progress occurred to substantially improve the conditions of slums and slum-dwellers.
Incentives to develop land or improve facilities among the lowest income target groups often disappeared,
as “accelerated urbanization and consequent pressure on land, rents, and land prices” in areas drastically
increased, which made slum improvement plans and projects “financially non-viable for low income
housing” (Siddique, 2002). Over optimistic goals were not supported by realistic plans or directed by
more localized bodies.
When more responsibility for slum development was pressed onto the states and cities, slum
conditions did not necessarily improve drastically. Generally, state and local governments lacked the
finances necessary to significantly improve slum conditions through various plans (Siddique, 2002).
More recently, slum improvement plans have a more grassroots outlook, due to the influence and
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intervention of NGOs. People, including slum dwellers, recognize that change may not occur unless
people and slum dwellers help facilitate change, perhaps with the government’s support.
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Urban Transportation Network and Development and Hyderabad
Urban transportation is the backbone of a city. In Indian cities, transportation networks connect
zones, circles, wards, sections, and neighborhoods. A traveler’s choice of transportation mode affects the
rate and type of movement seen within cities. Indian cities, including the focus of this thesis, Hyderabad,
are congested (Tilak & Reddy, 2016).
Traffic congestion becomes a major issue, as urban areas rapidly grow and privately vehicle
ownership increases in developing countries like India (Kreindler, 2018). Lessening the effects of traffic
congestion is important, because congestion has many costs associated with it. These costs include lost
time, wasted energy, increased pollution levels, and more accidents (Tilak & Reddy, 2016 and Anderson
et al., 2016). Traffic congestion also can affect the well-being and quality-of-life of urban residents
(Anderson et al., 2016). However, congestion is not fully bad (Tilak & Reddy, 2016). The same
conditions that cause congestion are also correlated with active urban areas where people benefit from
living and working closely together (Tilak & Reddy, 2016).
Congestion can be defined through micro-level factors and macro-level factors (Tilak & Reddy,
2016). Micro level factors include the presence of too many people and vehicles traveling at the same
time on limited road space. Macro level factors include vehicle ownership rates, land-use patterns, and
regional economic dynamics. All of these factors create traffic congestion conditions in Hyderabad, as
described in the next section.
Improvements should be made to urban transportation systems in Indian cities to compensate for
high urban growth and activity. To counter the growing trend of private vehicle ownership, public policy
should encourage the efficiency and usage of public transportation (Narayankar, 2015). This could be
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accomplished by “improving current public transportation systems, encouraging the use of public
transportation systems, discouraging the use of private vehicles, and changing urban plans and city
designs.” Since “rail-based transport services are available in [only] a few megacities,” establishing
urban railway networks could help improve transportation flow in other cities (Singh, 2005). Although
both Singh (2005) and Narayankar (2015) believe that urban transport plans should focus on bus system
development, I find in this thesis that focusing development on rail transport could have a greater impact
on slum dwellers than bus transport. This occurs partially because bus stations are already so prevalent in
the city which I study, Hyderabad.
A challenge to developing and enhancing urban public transportation, regardless of type, is cost.
Indian cities do not have the financial resources or institutional capacity to properly address issues of their
transportation system and make effective changes to their transportation system (Singh, 2005). Since
state and local governments tend to be responsible for urban areas within their jurisdiction, they should
implement policy to enhance the public transport system, especially rail.
The following section provides a background of Hyderabad’s transportation network and
development. Chapter 3 describes the significance of worker commuting distance as a measure of slum
characteristics and factors that influence worker commuting distance. Later in this thesis I will show how
the development of a rail system in Hyderabad can benefit slum-dwellers by providing more access points
to the rest of the city. I do this by comparing percentage shares of worker commuting distances of slum
dwellers, and estimating commuting distances from slums to central business districts via the nearest bus
and rail stations to the slum.

2.1 Hyderabad Transportation Network and Development
This section describes Hyderabad’s transportation network and how the city has recently
attempted to reduce traffic congestion through road and public transit expansion. First, motorized
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vehicles are increasingly popular modes of transit in Hyderabad, but their presence increases activity on
the streets, especially during peak commuting hours (Singh, 2005 and Chidambaram & Zikos, 2012). As
more vehicles are on the roads during the same times, roads become fuller such that stop and go
conditions, or traffic congestion, occurs (Chidambaram & Zikos, 2012). Congestion becomes
problematic when these stop and go conditions create high levels of air pollution and unpredictable travel
time delays (Chidambaram & Zikos, 2012). Since the roads are so congested, even a small accident could
bring traffic to a stand still and create extended delays (Chidambaram & Zikos, 2012).
To reduce traffic congestion, the Greater Hyderabad Municipal Corporation (GHMC) built the
Outer Ring Road from 2005 – 2011 (Hyderabad Metropolitan Development Authority, n.d.). The new
road intended to reduce congestion, improve access into and out of the city, and improve the flow of
through traffic on the national and state highways (Hyderabad Metropolitan Development Authority, n.d.
& Gumma et al., 2017)
Second, public transit is frequently overcrowded in Hyderabad. For example, “buses, which are
designed to carry 40 to 50 passengers generally, carry double the capacity during peak hours” (Singh,
2005). As I later describe in Chapter 3, the urban poor tend to travel on foot or via non-motorized transit
more than their wealthier neighbors. Consequently, the urban poor “face higher traffic accident risks,”
Singh (2005) notes, and cannot travel as far for work.
In 2007, public transportation options were more limited than today in Hyderabad. Buses were
overcrowded, especially during peak travel times (Ramachandraiah, 2007). Due to poor transportation
infrastructure, most buses were unable to move aside into a bus bay at a bus stop so that the stationary bus
would not stop the flow of traffic. Since footpaths were nonexistent in much of the city, crowded roads
were also full of pedestrians. Roads were also narrowed by small structures, such as religious shrines,
present in the middle or sides of the roads. The increasing number of vehicles on roads also contributed
to the chaos of the urban roadways.
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These problems could be remedied by public policy targeting urban transport. Rail transportation
did not exist in Hyderabad until 2003 (Ramachandraiah, 2007). By 2007, only about thirty thousand
passengers used the system daily. While useful to those passengers, thirty thousand is less than one
percent of Hyderabad’s total population. Issues affecting usage included the lack of “feeder services” into
rail station, “lack of a common ticket for bus and rail,” and the “low frequency” of trains
(Ramachandraiah, 2007).
By 2011, when the data I analyze was collected, the existing rail transportation infrastructure was
more popular, but had not grown in size (Owens & Reddy, 2010). Tentative plans were in the works to
expand the rail lines. In 2008, Hyderabad Metro Rail proposed a new transit system, which Government
of Andhra Pradesh approved (Railway Technology, n.d.). The financing of the project was not settled
until April 2011, and the groundbreaking ceremony was in April 2012 (Railway Technology, n.d.).
Hyderabad Metro Rail’s new rail section opened up in late 2017. On November 28, 2017, Prime Minister
Narendra Modi attended the ribbon cutting ceremony of a new section of public train service in
Hyderabad and rode one of the new trains for ten minutes (Geetanath, 2017).

2.2 Background of the City of Hyderabad
Hyderabad is the largest city in Southern India and has over six million people within its
metropolitan area (Kaminsky & Long, 2011). It is also the sixth largest city in India. Since 1956,
Hyderabad has been the state capital of Andhra Pradesh. When the state of Telangana was created in
2014, fourteen districts and the city of Hyderabad transferred to the new state (“New State of Telangana,”
2014). Hyderabad was designated as the joint capital city of both states until 2024. After 2024,
Hyderabad will be Telangana’s capital, and Amaravati will be Andhra Pradesh’s capital (Sharma, 2017).
In 2007, the city of Hyderabad incorporated into the Greater Hyderabad Municipal Corporation (GHMC)
(Kaminsky & Long, 2011). Hyderabad was originally established in 1591 along the Musi River.
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Secunderabad is Hyderabad’s much smaller twin city. Its population is over 200,000. GHMC Slum
Survey Data 2012 includes slums within Secunderabad as belonging to “Hyderabad.”
Today, Hyderabad is a well-known industrial center with IT, media, and pharmaceutical
companies. There are nine national universities within the city. Telugu and Urdu are the most common
languages used, but English is prevalent among the city’s administration and more educated groups.
Tollywood, a nickname for the Telugu film industry, is based in Hyderabad. It is the second-largest
movie industry in India, after Bollywood. According to the 2011 Census of India, the Muslim population
in Hyderabad is about thirty percent, which is much higher than the Andhara Pradesh state and national
percentage shares. This concentration of Muslims has contributed to Hyderabad being a center of Muslim
culture in southern India.
Figure 1: Map of India and Location of Hyderabad

Source: World Easy Guides, n.d..
“Hyderabad” includes the Hyderabad urban agglomeration (HUA), which is comprised of the
Municipal Corporation of Hyderabad (MCH), surrounding municipal towns and other small settlements
(Ramachandraiah, 2007). More recent growth has occurred in the outer areas of the city, but the core still
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contains over sixty percent of the population, seventy percent of the city’s employment, and the central
business districts. Major business sectors are located throughout the city, which is why will I use several
areas as estimated worker commuting destination areas in Chapter 7 Analysis.
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Significance of Worker Commuting Distance as a Dependent Variable
Worker-Commuting Distance is a significant factor in analyzing slum characteristics. Many
studies choose to focus on other variables, such as income or education, as significant factors in
explaining differences between slums and in measuring slum productivity. Baker et al. (2005)
acknowledge the lack of research and knowledge about the transportation behavior of slum dwellers.
I choose to examine worker-commuting distance, because this dependent variable is affected by
the wealth of workers, availability of transportation, and job location. Worker-commuting distance
measurements indicate whether workers work within the same slum in which they reside, or whether they
travel to other slums or parts of the city for work. As a result, worker-commuting distance measurements
also indicate the level of firm activity within a slum.
Baker et al. (2005) note “In Mumbai, as in other cities, the journey to work constitutes the largest
fraction of household trips in terms of distance traveled.” This relationship indicates the overall
connection between residential and working areas. I will specifically explore the relationship between the
residential and working areas of slum dwellers in Hyderabad in this thesis. Baker et al. (2005) define
commute distance
“as the distance between the worker’s house, whose geographic coordinates are known,
and his approximate work location. The work location is approximated by the centroid of
the intersection and pin code in which the job is located.”
In this thesis, commute distance is defined similarly and measured at the slum level. However in my
analysis, I estimate a worker’s commute distance path by measuring the distance from the center of their
slum of residence to the nearest transit station and nearest central business district.
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3.1 Wealth
Wealth and Income vary worker-commuting distance among workers, due to differences in the
ability to access motorized transit. In Mumbai, Baker et al. (2005) found that poorer2 people tended to
walk more while wealthier people tended to use more motorized transit. For work commutes, 66% of
poorer workers walked or biked, while only 45% of all households walked or biked. This relationship
implies that the poor “commute shorter distances” than their wealthier counterparts and live closer to their
location of work than wealthier workers. This relationship was true regardless of where wealthier
workers resided in the city.
Since poor of Mumbai and slum-dwellers of Hyderabad have similar income levels, which is
described later in Chapter 5, it is likely that that slum-dwellers in Hyderabad also tend to walk more,
bike more, and commute shorter distances than their non-slum-dwelling neighbors.3
In Mumbai, Baker et al. (2005) also found that for both all households and poor households, the
distribution of commuting distances is right-skewed with a long tail.4 Most workers (40%) and poor
workers (50%) commute less than 2 km, and the largest frequency of commute distance is 1 - 2 km.
Later in this thesis, I will explore if slum-dwellers are commuting these, assumed, shorter
distances within the same slum in which they reside, or to an adjacent slum or area. Like Baker et al.
(2005), I believe I will find that many slum dwellers commute very short distances, since most slum
dwellers work very close to their residence within the slum. High instances of very short commuting
distance may correlate with more slum workers being self-employed. However, I also believe I will find
that many slum dwellers commute very long distances to vastly different areas of the city since some
slums may contain fewer formal and informal firms. High instances of long commuting distances may
correlate with less firm activity within the slum.
2

With average monthly income less than 5000 rupees per month (Baker et al., 2005).
This assumption is made since transportation mode is not provided by GHMC Slum Survey
Data 2012.
4
Chapter 5 provides more information about commuting distance distributions.
3
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3.2 Access to Motorized Transit
Some advocates for advancing slum conditions believe that there are not enough access points of
public transit available to slum-dwellers. Ellis and Roberts (2016) note, “Public transit is important in the
mobility of the poor.” However, high public transit fees discourage the mobility of poor workers (Baker
et al., 2005). They cannot afford seeking jobs further from their residence. Instead, they walk shorter
distances to work. Baker et al. (2005) find that the use of motorized transit, including bus and
motorcycle, decreases and walking increases as household income decreases. The presence of affordable
public transit could contribute to higher incomes and longer commuting distances for slum dwellers.5
Access to motorized transit would likely increase commuting distance for slum-dwellers, since
workers would be more able to travel outside of their slum for work. A primary conclusion of Baker et al.
(2005) is that between the poor and non-poor there are differences in walking time to the closest train
stations, but not to the closest bus stop. They believe this occurs, because land may be more expensive
near rail lines6 or that the poor tend to work closer to home than the non-poor.
Increased access to motorized transit could occur through two mediums: (1) personal motorized
vehicles or (2) public motorized transit, such as the bus or rail. However, many slum-dwellers cannot
afford personal motorized vehicles. If they were, somehow, able to suddenly afford a personal vehicle,
such as a motorbike, they would be able to travel farther and seek a higher paying job, which may lie
outside of the slum. If public transit was made more affordable or available to slum-dwellers, workers
could seek a higher paying job farther away from their residence in the slum.
Alternatively, less access to motorized transit results in a shorter commute distance. This
indicates that workers tend to work closer to their homes within the slum, and implies that more firm
activity may occur within the slum.

5

Unfortunately, GHMC Slum Survey Data 2012 does not provide information about
transportation costs or usage.
6
Land values within slums and near rail lines are unknown in this analysis. However, the
inclusion of land values would enhance future study, as noted in Chapter 7.
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Hyderabad Slum Data
In 2011, the Greater Hyderabad Municipal Corporation (GHMC) collected the data set used in
this thesis about slums in Hyderabad (N. Sinha, personal communication, February 2, 2018). The data set
was digitized in 2012. The data set was collected under the Rajiv Awas Yojana (RAY) scheme in a
federal attempt to create a Slum-Free India. The slums are located throughout the city of Hyderabad.

Figure 2: Map of Hyderabad Slums

(Slums are marked in red, water is marked in blue). Source: Hyderabad Urban Lab, 2015.
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4.1 The RAY Scheme
RAY envisioned a Slum-Free India by encouraging states and union territories to take up a
definitive course of action in eliminating slums in India (International Environmental Law Research
Centre, 2010). The layers of the scheme included (1) uplifting the status of the current slums to the
formal system of the rest of the municipality in which they reside. That is, including and upgrading the
slum to have access to the same basic amenities as the rest of the municipality. (2) Addressing how slums
were created in the first place due to failures of the formal system, and (3) seeking solutions to land
shortages in urban areas that prevents access to housing for the urban poor and forces them to seek illegal
alternatives to stay within the municipality.
The first step of RAY required the State to create a Slum-Free Plan of Action (POA), which
would include steps to upgrade existing slums and methods to prevent new slums from forming. To do
this, the State first needed “to survey and map all existing slums in selected cities proposed by the State
for coverage under RAY” (International Environmental Law Research Centre, 2010). GHMC Slum
Survey Data 2012 was collected in 2011 for this stage of the RAY process (N. Sinha, personal
communication, February 2, 2018). Data was collected via household surveys through canvassers, who
ideally were residents or nearby neighbors of the surveyed slum (International Environmental Law
Research Centre, 2010). Information was to be amassed at the slum level and then applied to a broader
city or zone approach to the municipality’s POA. Since the central government of India changed in 2014,
the RAY scheme was abandoned and the data set was not applied as it was originally intended (N. Sinha,
personal communication, February 2, 2018).

4.2 Hyderabad Data Characteristics
406,047 households were surveyed in Hyderabad (GHMC Slum Survey Data 2012). The average
household size is 4.28 persons, which I calculated by dividing the total population by the number of
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households. Slum Worker Commuting Distance was grouped into six categories: Within the Slum Area,
Less than 0.50 km, 0.50 – 1 km, 1 – 2 km, 2 – 5 km, and More than 5 km. Across all of the slums, most
workers (49.67 percent) commute more than 5 km and within the slum area (18.99 percent). Chapter 5
shows that the U-shape commute distance distribution pattern of Hyderabad slum dwellers differs from
the right-skewed distribution of the poor in Mumbai.
The type of land tenure varies by slum, but most households (47.10 percent) reside on rented
land. 29.31 percent have a “patta” tenure, which means that a resident has the right to live on the property
and can pass the property on to heirs, but the property cannot be transferred to another party. 11.50
percent have a possession certificate or maintain an occupancy right, which means that residents have the
right to squat on the property, but cannot be evicted. Less than 8 percent of residents encroach onto
private and public land, 4.21 and 3.32 percent respectively. These residents do not have the right to squat
on the privately or government owned properties, but do so anyway.
Slum dwellers in Hyderabad reside in structures that are classified as “pucca,” “semi pucca,” or
“katcha.” Pucca structures (46.13 percent) have walls made of stone that are packed with lime or cement
mortar, metal sheets, burnt bricks, cement bricks, or concrete materials (Office of the Registrar General &
Census Commissioner, 2011). The same materials, machine-made tiles, cement tiles, and slate may be
the roof material. Semi Pucca structures (43.80 percent) are not completely made of the same materials
as pucca structures. Katcha (or kutcha) structures are made with other materials. Common materials used
in katcha structures include “unburnt bricks, bamboos, mud, grass, reeds, thatch, plastic/polythene, and
loosely packed stone.” Katcha structures comprise only 10.07 percent of household structures.
Table 1: Hyderabad Data Characteristics

Number of Households Surveyed

406,047

Percentage of All Households

Average Household Size

4.28 persons

Worker Commuting Distance Groups

Within the Slum Area

18.99%

Less than 0.50 km

12.51%
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Time Length of Residence

0.50 – 1 km

6.30%

1 -2 km

5.32%

2-5 km

7.20%

More than 5 km

49.67%

More than 5 years

86.99%

Less than 5 years

13.01%

Female Head of Household

27.74%

Sanitation Facility within Premises

84.65%

Drinking Water within Premises

80.04%

Employment Type

Land Tenure

Type of Structure

Casual Laborers

28.07%

Salaried

26.62%

Self-Employed

19.89%

Regular Wage

19.65%

Rented

47.10%

Patta

29.31%

Possession

11.50%

Private Land

4.21%

Public Land

3.32%

Pucca

46.31%

Semi Pucca

43.80%

Katcha

10.07%

Source: GHMC Slum Survey Data 2012

19

Comparing the Working Poor of Mumbai to the Slum Dwellers of Hyderabad
In 2005, Baker et al. discussed the significance of worker-commuting distance, as described
earlier in Chapter 3. In this section, I will start to compare some of the analysis and conclusions of
Baker et al. (2005) about poor workers in Mumbai to slum-dwellers in Hyderabad. Since Baker et al.
(2005) did not note the slum status of households, I use income groups to compare workers in the two
cities.
Baker et al. (2005) observe that the urban poor in Mumbai tend to walk more and over a shorter
distance when commuting to work than wealthier workers. I want to find if the Distribution of One Way
Commute Distances of Slum Dwellers in Hyderabad is similar to the “Distribution of One Way Commute
Distances” of Poor Households in Mumbai (Baker et al., 2005). Do the poor in Hyderabad follow the
right-skewed distribution of the poor in Mumbai? In other words, do most slum dwelling workers in
Hyderabad work within the slum in which they reside?
Recall that Baker et. al. (2005) observe that the poor use less motorized transit than wealthier
workers to commute in Mumbai. This conclusion suggests that access to motorized transit could lengthen
commuting distance and increase income in Mumbai. Does access to public motorized transit, via the
distance to the nearest bus stop and railway stop, similarly affect commuting distance and income in
Hyderabad?
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5.1 Income Groups
Baker et al. (2005) surveyed five thousand randomly selected households in Mumbai. The
sample was chosen to be representative of the Greater Mumbai Region (GMR), not “the entire Mumbai
metropolitan area, which is considerably larger than the GMR.” (Baker et al., 2005). The selected sample
is also spread across income levels, which means that only a minority of the sample is about the urban
poor in Mumbai.
Baker et al. (2005) divides their sample population into five income groups evaluated in
thousands of rupees7 per month: less than 5, 5 to 7.5, 7.5 to 10, 10 to 20, and more than 20. Baker et al.
(2005) used the first group, with an income less than 5 thousand rupees per month, to conduct poverty
analysis. This group contains 27 percent of households, or about 1350 households. These 1350
households are spread throughout the GMR.
GHMC Slum Survey Data 2012 covers only slums, which are naturally a lower income group by
definition, and these 1402 slums are spread across the entire city of Hyderabad. The Average Monthly
Income in GHMC Slum Survey Data 2012 ranges from 0 to 11,500 rupees per month. While the
maximum is very large, only 2.66 percent of households have an average monthly income exceeding
10,000 rupees and 15.87 percent earn 5-10 thousand rupees. The remaining 81.47 percent earn less than 5
thousand rupees.

7

In 2005, 1000 rupees was worth approximately 22.69 dollars (Edvinsson, 2016). In 2011, when

the Hyderabad data set was collected, 1000 rupees was worth approximately 21.46 dollars (Edvinsson,
2016).
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Table 2: Income Groups in Mumbai and Hyderabad

City

Groups in thousands of rupees per month and (Percentage of Households)

Mumbai

Hyderabad

<5

5 – 7.5

7.5 – 10

10 – 20

> 20

(27%)

(28%)

(22%)

(18%)

(6%)

<5

5 – 10

> 10

(81.47%)

(15.87%)

(2.66%)

Sources: Baker et al. (2005) and GHMC Slum Survey Data 2012

Therefore, most of the Hyderabad slums contain a similar distribution of income, i.e. less than 5
thousand rupees per month, as the poor households in Mumbai sampled by Baker et al. (2005). Since
Baker et al. (2005) did not note the slum status of households, their data is less representative of slum
dwellers and more representative of poor households. While these two groups may be similar, they are
likely not the same. In the next section, the commuting distances of poor households in Mumbai are
compared to slum dwellers in Hyderabad.

5.2 Comparing Commuting Distance Distribution Groups
In this section, I will explore where people work. How many workers work within, near, or far
from the slum in which they reside? If workers commute for long distances, where are they likely
working? Does proximity to public transit, i.e. bus stops and train stations described previously, affect
commuting distance length? If so, is there a difference in the effects of bus and rail on commute length?
Baker et al. (2005) found that access to public transportation varies slightly between the poor and
non-poor in Mumbai. They concluded that bus stops are evenly distributed and accessible across income
levels, but the same is not true for train stations. Poorer workers tend to reside farther from train stations
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than wealthier workers. This may occur because residences closer to train stations are more expensive
and inaccessible to the poor, “the poor choose jobs closer to their homes than the non-poor,” or for other
reasons (Baker et al., 2005). It is important to recall that Baker et al. (2005) found that poorer workers
tend to commute shorter distances than non-poor workers.
The “Distribution of One Way Commute Distances” of Poor Households in Mumbai is strongly
right-skewed. At first, the Distribution of One Way Commute Distances of Slum Dwellers in Hyderabad
appears to be slightly U-shaped.

Figure 3: Distribution of One Way Commute Distances in Mumbai

(“HHs” means “Households”). Source: Baker et al., 2005.
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Figure 4: All Mean Percent Commuting Distances in Hyderabad

However, the income group categories do not match between the cities. The Mumbai households
are split into nine commuting distance groups, while the Hyderabad households are split into six
categories. To better compare the two cities, the four new groups must be 0-1, 1-2, 2-5, and >5 km.

Table 3: Commuting Distance Groups in Kilometers

Cities

Groups in km

Mumbai

0-1

1-2

2-3

3-5

5-10

10-15

Hyderabad

Within Slum

< 0.5

0.5-1

1-2

2-5

>5

New Groups for Comparison

0-1

1-2

2-5

>5

15-20

20-30

> 30

When adjusted,8 the distribution in Mumbai is still right-skewed, where each group is
approximately from 20 – 40 percent. The new distribution in Hyderabad becomes strongly U-shaped, as

8

I used the geodist package in STATA to find the distance between household and job location.
Geodist calculates the distance between two coordinate points in the same fashion as geonear, described
in Chapter 6.
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the percentage of the shortest commuting distances has increased. Therefore, the distributions of
commuting distances in Mumbai and Hyderabad are different from each other. Workers in Hyderabad
tend to work either within the slum and very close to it or far outside of the slum, but not in the
intermediary range. However, workers in Mumbai are almost equally likely to commute any distance.
The difference in commuting distance distribution is significant, because this indicates that poorer
workers commute differently between the two cities.

Figure 5: Percent Commuting Distances in Mumbai

Source: Data from Baker et al., 2005 and Gechter & Tsivanidis, 2017.
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Figure 6: All Mean Percent Commuting Distances in Hyderabad - Adjusted

Since the poor represented by Baker et al. (2005) are distributed throughout Mumbai, then firms
in Mumbai where the poor work are more evenly distributed throughout the area than in Hyderabad. The
U-shape distribution in Hyderabad suggests that workers either work far outside of the slum or within it,
and that there are less popular employment zones in between the two areas.
In the next section, I will show where workers who commute for long distances may travel via
public transit. They may be commuting to central business districts via bus or train.
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Breaking Up Total Commuting Distance
Total commuting distance is the distance traveled from a slum dwellers’ home to their place of
work. In GHMC Slum Survey 2012, I only know the average total distance traveled of all slum worker
commutes. I do not know the method(s) of transportation used, unlike Baker et al. (2005). If a slum
dweller has a short commuting distance, they likely only walk to work and only use one mode of
transportation. However, slum dwellers that commute for long distances likely use some form of
motorized transit in addition to walking.
Baker et al. (2005) found that 60.8 percent of poor workers commute on foot. The remaining
39.2 percent use various forms of motorized transit, including public bus and train. Motorized vehicles
include auto-rickshaws, taxis, and cars.
Table 4: Mode of Transportation of Poor Workers

Mode

Foot

Public Bus

Train

Bicycles

Motorized Vehicles

Percentage of Poor Workers

60.8

14.5

16.1

6.1

2.6

Source: Baker et al., 2005.
Since the income of slum dwellers in Hyderabad is similar to the poor of Mumbai and a large
percentage commute short distances, as found in Chapter 5, I assume that many slum dwellers in
Hyderabad also walk to work, those traveling longer distances use public motorized transit including bus
and train, and a very small percentage use alternative methods of motorized transit.
The long commutes of workers follow at least two modes of transportation: walking to the transit
station and the distance traveled using the public transit. Since I want to explore the relationship between
commuting distance and access to motorized transit, I first estimate the possible distance walked to public
transit and then estimate the job locations of workers. Given the information provided by GHMC Slum
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Survey Data 2012, which is the average total commuting distance per slum, the best way to estimate
distances traveled using public transit is through the geographic center of the slum to the nearest bus stop
and train stations and central business district. I assume that the population of the slum is centered in the
slum and that the nearest bus or train station is the most efficient way to commute out of the slum to the
nearest central business district. I also assume that workers are both commuting to a central business
district and to the nearest central business district.

6.1 Slum Identification
Using Google Maps, I first found the geographic center of each slum. I chose Google Maps,
because there is no reliable record of bus stop locations across the city of Hyderabad that is easy to
quantitatively mark using GPS coordinates.
Table 5: Slum Identification

Identified

Identified - Unique

Identified - Duplicate

Not Identified

Total

906

650

256

496

1402

64.6%

46.4%

18.3%

35.4%

100%

I identified the geographic centers of 906 (64.6%) of the 1402 slums. To find the geographic
centers, I searched the “Name of the Slum” + “hyderabad.” Some of the slum names contained spelling
variations, such as Indiranager, Chandanager for Indira Nagar Chanda Nagar. However, I was able to
match these names to neighborhoods found in Google Maps.
Of those 906, 650 slums (46.4%) were unique, while 256 slums (18.3%) were duplicates of the
uniquely identified slums. These duplications occurred, because many slums were listed as large
neighborhoods and then broken into smaller sections, or were divided into smaller sections that were not
recognized by Google Maps as unique areas. For example, Slums 1131 and 1132 are Rodamistry Nagar
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“A” and Rodamistry Nagar “B”, respectively. The “A” and “B” designations were not recognized, but
the correctly spelled neighborhood of Rodamestri Nagar was recognized. I assume that the more
encompassing designation contains the smaller sections.
496 (35.4%) of the 1402 slums were not identifiable. They were not found for the following
reasons. The search returned a specific business, place of worship, residence, or other entity whose name
or address did not match the slum name. The slum name covered two or more distinct areas that were not
adjacent or near each other. Some searches returned locations that were across the city from each other.
The slum name was too misspelled and/or mislabeled for identification. The slum was far outside of the
city of Hyderabad.
After identifying the center of a slum, I recorded the GPS coordinates of the center. These
coordinates were around 17.3850° N, 78.4867° E, which is the location of Hyderabad.

6.2 Finding the Nearest Bus Stop
From the slum center, I then identified the nearest bus station. I either searched for “bus station”
in the “Nearby” option in Google Maps or recognized a Bus Stop and Station Icon on the map. Google
Maps recognizes “Bus Stations” and “Bus Stops” as the same type of location, but bus stops tended to be
more formerly labeled as bus stations. When searching for a nearby bus station, the first result is not
always the closest bus stop. Rather, the first result is likely the more popular bus stop. Therefore, I also
used the “Measure Distance” option to compare and calculate the meters to a bus stop. Once I identified
the closest bus stop, I then recorded the coordinates of that bus stop.
Many bus stops were reused several times as the closest station to various slum centers. Those
occurred because the slums were small and close together, and thus close to the same bus stop. Or the
nearby slums were more isolated from the transportation network and a single bus stop was the closest
station for more than one slum center.
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Table 6: Slum Center to Nearest Bus Stop (in meters)

Observations

Mean

Standard Deviation

Minimum

Maximum

650

385.6289

303.8113

0

3080

Figure 7: Distribution of Slum Center to Bus Stop Distances (in meters)

6.3 Finding the Nearest Train Stations
Earlier I described how I calculated the distance from the center of the slum to the nearest bus
stop using Google Maps. I used a different method to find the distance from the center of the slum to the
nearest train station. Since there are relatively few train stations in Hyderabad, I searched and recorded
the coordinates of 52 train stations using Google Earth. See Appendix A Train Stations Data for the
complete list. The lines are still growing and developing, so their usage is not the same as the train lines
used and evaluated in Mumbai by Baker et al. (2005).
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Figure 8: Map of GHMC and Train Stations

(Some points are outside of the GHMC, but they are still within Hyderabad).
Source: GHMC Outline from “Spatial Data of Municipalities (Maps) Project.”

Using the geonear package in STATA, I found the distance between each slum center and the
nearest train station in meters. Geonear calculates the shortest distance between a coordinate point and a
set of coordinate points using the Haversine Formula. The Haversine formula evaluates the shortest
distance between two points. The following equations comprise the Haversine Formula (A. Hedges,
2002).
dlon = lon2 - lon1
dlat = lat2 - lat1
a = (sin(dlat/2))^2 + cos(lat1) * cos(lat2) * (sin(dlon/2))^2
c = 2 * atan2( sqrt(a), sqrt(1-a) )
d = R * c (where R is the radius of the Earth)
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The Haversine Formula does not account for the Earth being an imperfect sphere, or rather an ellipsoid.
Although my data point coordinates are very close together, I used the “ellipsoid” option in my code to
reduce any errors caused by the difference in shape.
It is important to note that geonear does not account for obstacles between coordinate points that
would alter a direct path between points. Therefore, the true estimated distances calculated may be longer
than estimated here.
Table 7: Slum Center to Nearest Train Station (in km)

Observations

Mean

Standard Deviation

Minimum

Maximum

650

2.563906

2.056332

0.0218214

13.70327

Figure 9: Distribution of Slum Center to Nearest Train Station Distances
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6.4 Finding the Nearest Central Business District
Since GHMC Slum Survey Data 2012 does not provide the job locations of Hyderabad workers, I
estimate job locations using the nearest central business district to the slum dweller’s closest bus stop and
train station. I chose areas that are major commercial and business districts in Hyderabad (“Economy,”
n.d.). It is important to note that I did not use tech hubs, such as HITEC City, since it is unlikely that
slum dwellers are working in software hubs for companies such as IBM, Dell, Oracle, General Electric, or
Microsoft. However, they may be providing support work, such as cleaning or cooking, in those areas.

Table 8: Central Business Districts in Hyderabad

Name

ID No.

Latitude

Longitude

Abids

1

17.393

78.473

Kothi

2

17.385759

78.4795

Nampally

3

17.386041 78.466593

Kukatpally

4

17.494794 78.399644

Chandanagar

5

17.493601 78.325255

BHEL

6

17.491595 78.292041

Banjara Hills

7

17.413826 78.439757

Jubilee Hills

8

17.432523 78.407015

Kothaguda

9

17.465292 78.376554

Selected in part using “Economy” (n.d.). Coordinates found using Google Maps.

33
Figure 10: Map of GHMC and Central Business Districts

Source: GHMC Outline from “Spatial Data of Municipalities (Maps) Project.”

I used the same process to find the center of the business districts as the slum centers. I found the
center of the districts by searching the name of the district plus “hyderabad” in Google Maps. Then I
used the “nearby” option to find the geographic coordinates of the center of the districts. These
coordinates were then used to calculate part of the estimated commute distance as described in the next
section.
I also used geonear to find the second component of total estimated commuting distance from bus
stations and train stations to the nearest central business district.
Table 9: Station to Nearest Central Business District (in km)

Station

Observations

Mean

Standard Deviation

Minimum

Maximum

Bus

650

4.465267

3.089843

0.0786703

15.96048

Train

51

6.111516

4.069668

0.5665906

15.68414
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Figure 11: Distribution of Bus Stop to Central Business District Distances

Figure 12: Distribution of Train Station to Central Business District Distances
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6.5 Slum Center to Nearest Central Business District
For completion, I also found the distance from the identified slum center to the nearest central
business district, without the intermediary step of a transit station. I used geonear again.

Table 10: Slum Center to Nearest Central Business District (in km)

Observations

Mean

Standard Deviation

Minimum

Maximum

650

4.501169

3.20835

0.000299

28.41343

Figure 13: Distribution of Slum Center to Nearest Central Business District Distances
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Analysis
With these distances found in Chapter 6, I then explore the relationships to percentage share of
worker commuting distance groups. I want to see if worker commuting distance is correlated with access
to transit stations. For my dependent variables, I use the most frequent percentage share groups of worker
commuting distance: over 5 km and 0-1 km.
My independent variables for regressions include distance from the slum center to the nearest
central business district, average monthly income, and two sets of three distances through the nearest
transit station. That is, distance from the center of the slum to the nearest transit station, distance from the
nearest transit station to the nearest central business district, and the sum of the former distances. I
include income as an independent variable, because Baker et al. (2005) found that income affects a slum
worker’s access to motorized transit, which in turn affects commute distance in Mumbai, as described in
Chapter 3.

7.1 Regression Equations
See complete regression tables in Appendix B Regression Tables.
In all the regressions, the income of slum dwellers (AverageMonthlyIncome) is always
significant. Although it has a small effect on the percentage share of worker commuting distance groups,
income has a significant positive effect on the percentage share of workers commuting over 5 km
(pc_5plus) and a negative effect on the percentage share of workers commuting 0-1 km (pc_0_1). These
relationships support Baker et. al’s conclusion, described in Chapter 3, that higher income increases
worker commuting distance.
Table 13 shows that there are no significant relationships between the percentage shares of
commuting distance and distance from the slum center to the nearest central business district. This implies
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that other relationships, such as access to a transit station, may influence the percentage shares of
commuting distance. The following figures show local polynomial regressions of percentage share of
workers commuting over 5 km and 0 – 1 km on distance from the slum center to central business district.
While the relationships between the distance and commuting groups are not significant, the shapes of the
polynomial regressions move in opposite directions, which supports the U-shaped distribution found in
Chapter 5.
Figure 14: Polynomial Regression of 5 plus km Commute Group
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Figure 15: Polynomial Regression of 0 - 1 km Commute Group

The percentage share of workers commuting over 5 km at first decreases while distance from the slum
center to central business district increases. However before reaching 10 km from the central business
district, the percentage share of workers commuting over 5 km begins to increase. The opposite effects
occur for the percentage share of workers commuting 0 – 1 km. These figures suggest that commuting
decisions vary at different distances from the slum center to central business district. This is explored in
more detail in the following section.
Coefficients on distances, particularly on significant distances, also support the U-shaped
distribution found in Chapter 5. Most of the percentage shares of worker commuting distances fall into
the over 5 km and 0-1 km categories. While those two groups do not exactly mirror each other, when a
dependent variable has a significant positive effect on the percentage of workers commuting over 5 km,
the same dependent variable tends to have a significant negative effect on the percentage of workers
commuting 0-1 km, for example.
Surprisingly, the distance from a slum center to the nearest transit station shows little
significance. Only the square distance from a slum center to the nearest bus station (d_SCBSkm2) shows
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some significance in Tables 14 and 15. When the square distance to the nearest bus station increases,
more workers commute over 5 km. Table 14 shows some significance of the square and cubic distance
from a slum center to the nearest train station (SCTSkm2 and SCTSkm3). When the square distance from
a slum center increases, more workers commute 0-1 km. When the cubic distance from a slum center
increases, fewer workers commute 0 – 1 km.
Tables 13 – 16 show regression on distances through, to, and from transit stations. A frequently
significant variable is the distance from a train station to the nearest central business district
(dist_TSCBDkm), shown in Tables 13, 14, and 16. As the distance from a train station to the nearest
central business district increases, more workers commute over 5 km, since they are farther away from the
central business district. When the distance from a train station to the nearest central business district
increases, fewer workers commute close to their slum. However models (5) and (6) in Table 16, show the
opposite relationship occurring with a lesser effect through the square distance from a train station to the
nearest central business district (dist_TSCBDkm2). As the distance from the central business district
increases, fewer workers commute over 5 km, perhaps because they are discouraged to travel so far.
Instead, more workers commute close to their slum. Since the significant coefficients on the distance
from a train station to the nearest central business district are larger than those on the square distance,
more workers are influenced by the former relationship than the latter.
Similar relationships via bus stations are not significant in Table 14, and have much smaller and
less significant effects in Table 16.
Some regressions show no significance on distance via a transit station dependent variables. No
significance may occur, because many workers may not be using either form of public transit. Therefore,
their commute mode decisions are unaffected by their access to public transit.
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7.2 Distance from a Slum Center to a Transit Station
The following figures show the relationships between the percentage of slum workers who
commute 0 – 1 km, income, distance from a slum center to the nearest transit station, and distance from
the slum center to the nearest central business district. These figures more clearly show the relationships
between these variables than the regression equations described in the previous section, since effects
appear to vary at different distances from a central business district and income level.
This section focuses on the 0 – 1 km commute group, since it is likely more sensitive to commute
distance grouping than the over 5 km commute group. That is, the 0 – 1 km commute group probably
responds faster to distance grouping, as the 5 km commute group may be insensitive to the distance to a
central business district until the slum is over 5 km from the central business district. Income is divided
into two groups: less than 5000 rupees and more than 5000 rupees. 5000 was chosen, since Baker et al.
(2005) used 5000 rupees as a cutoff point for poverty analysis, as described in Chapter 5.
Figure 16: Profile of Percent Commute 0 - 1 km and Distance to Bus Stop by Income and SC - CBD Levels
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Figure 17: Profile of Percent Commute 0 - 1 km and Distance to Train Station by Income and SC - CBD Levels

Before further analysis, note that 80% of the identified slums in GHMC Slum Survey Data 2012
are in the less than 5000 rupees Income Group. 68% of slums are in the 0 – 5 d_SC_CBD group, which
are represented by the navy dotted lines. 26% of slums are in the 5 – 10 d_SC_CBD group, which are
represented by the maroon dotted lines. Therefore, most of the identified slums are represented by the
navy and maroon lines in the left panels of the previous two figures.
While the variables and interactions of the variables used to create these figures were not
significant, there are still differences in the percentage share of commuting distance by bus stops and train
stations. For example, given that a slum center is 0 – 5 km from a central business district and income is
less than 5000 rupees, there is very little change in pc_0_1 as the distance from a slum center to bus stop
increases. However, pc_0_1 increases by about 20% as the distance from a slum center to train station
increases. This may occur since train stations may be too far away for slum dwellers to use.
Given that a slum center is 5 – 10 km from a central business district, pc_0_1 increases by about
15% as the distance from a slum center to bus stop increases. However, the true effect is likely smaller as
most bus stops are close to the slum center. As the distance from a slum center to train station increases,
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pc_0_1 increases by about 15%. This may occur since at a greater distance from the central business
district than the prior group, more slum dwellers may be using trains to commute further than the 0 – 5
km d_SC_CBD group, as pc_0_1 increases by less than in the 0 – 5 km d_SC_CBD group.
In short, the two previous figures show that distance from a slum center to a train station affects
commuting distance more strongly than the distance from a slum center to a bus stop.
The following four figures show polynomial regression plots of the slums represented by the navy
and maroon lines in the left panels above. These are slums where average monthly income is less than
5000 rupees and distance from the slum center to the central business district is 0 – 5 km or 5 – 10 km.
These four figures more strongly show little relationship between the distance from a slum center
to a bus stop and the percentage share of workers who commute 0 – 1 km, and a significant relationship
between the distance from a slum center to a train station and the percentage share of workers who
commute 0 – 1 km. The regression line is nearly flat at 40% in both of the distance to a bus station
figures. The regression line slopes downward and then slopes upward before reaching the 4 km mark in
the distance to a train station figure for the 0 – 5 km distance from the slum center to central business
district group. For the 5 – 10 km distance from the slum center to the central business district group, the
regression line does not change slopes as strongly, but it also is not flat like in both of the distance to a
bus station figures. This suggests that there is some, much smaller effect of distance to the nearest train
station on commuting distance decisions when the slum center is located further from the central business
district.
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Figure 18: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - BS, Income, & SC - CBD (0, 5)

Figure 19: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - BS, Income, & SC - CBD (5, 10)
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Figure 20: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - TS, Income, & SC - CBD (0, 5)

Figure 21: Polynomial Regression of 0 - 1 km Commute Group by Distance SC - TS, Income, & SC - CBD (5, 10)

Therefore, these figures show that there is nearly no effect on the percentage share of workers
who commute 0 – 1 km by the distance to a bus stop. The lack of significance on the percentage share of
commuting distance by the distance from the slum center to bus stations may occur because access to a
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bus station does not strongly affect worker commuting distance. Bus stops and routes are very frequent
and spread throughout the city, so proximity to a bus stop does not significantly affect worker commuting
distance. Although workers who must travel further to a bus station add to their overall commuting
distance, workers might not be using buses as intensively for long distances, unlike trains.9 Since there
are many more bus stations than train stations, workers across commuting distance groups may be using
bus stations as tools to commute both within the slum, nearby the slum, and far outside of the slum in
which they reside.
However, the distance to a train station does significantly affect the percentage share of workers
who commute 0 – 1 km, especially workers who reside in slums only 0 – 5 km from a central business
district who comprise most of the workers. Until a train station is nearly 4 km from a slum center, fewer
workers commute 0 – 1 km. After this point, more workers commute 0 – 1 km, probably because there is
no train station present at a reasonable distance for the workers. Train stations are inaccessible for these
slum dwellers, and fewer workers commute over 1 km from the slum center.

7.3 Conclusions and Policy Suggestions
My analysis implies that train stations are more significantly related to estimated worker
commuting distance than bus stations. The location of bus stations significantly affects worker
commuting distance decisions less due to their high frequency, while the presence of train stations
significantly affects worker commuting distance decisions more, probably because they are not near
enough to workers. Workers will choose to commute much farther or much closer to their residence in a
slum due to the proximity of the nearest train station and final destination in a central business district.

9

While the mode of transportation of workers is unknown from GHMC Slum Survey Data 2012,
Baker et al. (2005) found that the primary modes of transportation for poor workers were on foot (60.8%),
train (16.1%), and public bus (14.5%).
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Recall that Baker et al. (2005) found that bus stops are evenly distributed and accessible across
income levels, but the same is not true for train stations. My analysis supports this conclusion in
Hyderabad, because access to a bus stop less significantly affects percentage shares of commuting
distances while access to a train station more significantly affects percentage shares of commuting
distances.
If more train stations were present in Hyderabad, slum dwellers may be able to better use train
stations to access the city for work. Train stations are generally located farther from slum centers than
bus stations. Therefore, while train stations are currently less accessible to slum dwellers they could still
greatly benefit slum dwelling workers.
Instead of concentrating strictly on slum improvement schemes, public funding toward rail
infrastructure would benefit slum dwelling workers. The presence of more train stations closer to slum
dwelling workers may encourage them to use trains as an access point to the rest of the city for work.
Hyderabad has taken and is continuing to take action to enhance its rail system to enhance
mobility within the city. This application of funds is wise, because slum workers who do use trains
would be better able to commute to work and access the city outside of their slum.

7.4 Future Study
My analysis would be stronger if I knew the actual home and job locations of workers at the
household level. While the slum-level data of GHMC Slum Survey Data 2012 provided a lot of
information, household level data would help create stronger conclusions. Here, I assumed that slumdwelling workers commuted to both a central business district and the nearest central business district. In
reality, workers may not commute to the nearest central business district or any central business district at
all. It may not be worthwhile to commute to a central business district or a very distant central business
district. Knowing the locations of home and job locations would also allow for exact commute distances,
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instead of the somewhat broad groups that I used. Then, analysis could be based on true commute
distances and not estimated commute distances.
Here, I assumed distance effects on the percentage shares of worker commute distance were the
same regardless of a slum’s location in Hyderabad. However, true distance effects may vary by location
in the city. For example, a slum 2 km east of a central business district may vary significantly in the
percentage shares of worker commute distance than a slum 2 km west of the same central business
district.
While GHMC Slum Survey Data 2012 confirms that all households studied in Hyderabad are in
slums, poor households in Mumbai might not actually be in slums. Baker et al. (2005) uses income to
evaluate likely slum-dwellers in Mumbai, but the poor households analyzed by Baker et al. (2005) may be
outside of slums. Using the location of poor residents in Mumbai to evaluate if they reside in a slum or
not would create a group of Mumbai slum-dwellers. Then, the comparison between the working poor of
Mumbai and slum-dwellers in Hyderabad evaluated in Chapter 5 would be more accurate.
Information about the costs related to public transportation and land values near transit stations
would provide more insight, as noted in Chapter 3, into the accessibility of public transit for slumdwelling workers.
Although GHMC Slum Survey Data 2012 provides an excellent group of slums, since there are a
lot of slums spread throughout the city, GHMC Slum Survey Data 2012 only shows a snapshot of the
slums. For further study, it would be interesting to see panel data on commute distance, particularly while
cities like Hyderabad develop their transportation infrastructure. Then, the effects of urban transportation
development could be better measured, and not merely estimated, as urban areas become more connected.
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Appendix A
Train Stations Data
Table 11: Train Stations in Hyderabad

Train Station Name

ID No.

Latitude

Longitude

Umdanagar

1

17.263289

78.392858

Budvel

2

17.309675

78.425025

NPA Shivrampally

3

17.322833

78.435972

NPA Shivarampally Railway Station

4

17.322956

78.436225

Falaknuma

5

17.332933

78.475181

Uppu Guda

6

17.340972

78.482225

Huppuguda Railway Station

7

17.341519

78.482542

Yakuth Pura

8

17.360028

78.491989

Dabeer Pura

9

17.360086

78.492106

Malakpet

10

17.366597

78.49025

Kachiguda

11

17.376286

78.494842

Vidhya Nagar

12

17.389306

78.4996

Jamai Osmania

13

17.402192

78.511281

Arts College

14

17.411625

78.518289

Seethafal Mandi

15

17.418461

78.519925

Railway Reservation Counter

16

17.428153

78.519733

Secunderabad

17

17.434289

78.504714

James Street

18

17.433258

78.502228

Sanjeevaiah Park

19

17.432803

78.487267

Necklace Rd

20

17.435686

78.476678

MMTS Station

21

17.423653

78.462906

Khairatabad

22

17.422297

78.462778
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Train Station Name

ID No.

Latitude

Longitude

Lakdi Ka Pul Railway Station

23

17.413383

78.461142

Lakidika Pool

24

17.404586

78.462831

Hyderabad

25

17.403944

78.463258

Lalaguda

26

17.393978

78.467767

Malkajgiri

27

17.440842

78.524767

Dayanand Nagar

28

17.448278

78.5292

Safilguda

29

17.456097

78.531603

Ramakistapuram Gate

30

17.461861

78.532972

Ramakrishna Puram Railway Station

31

17.476636

78.528861

Ammuguda

32

17.476886

78.528967

Cavalry Barracks

33

17.486203

78.527025

Alwal

34

17.495303

78.518964

Bolarum Bazar

35

17.505311

78.514417

Bolarum

36

17.517622

78.515686

Gundlapochampalli

37

17.533214

78.515239

Moula Ali Railway Station

38

17.568933

78.487928

Secunderabad Railway Military Siding

39

17.440647

78.550794

Cherlapally Railway Station

40

17.464461

78.521539

Begumpet

41

17.457722

78.606356

Nature Cure Hospital

42

17.438581

78.458108

Fathe Nagar

43

17.445708

78.452283

Sanath Nagar

44

17.455958

78.450119

Bharat Nagar
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17.461703

78.436275

Borabanda

46

17.462183

78.429378

Hitech City

47

17.459269

78.407831

Hafizpet

48

17.469703

78.385261
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Train Station Name

ID No.

Latitude

Longitude

Chanda Nagar

49

17.482603

78.363047

Lingampally

50

17.487364

78.332811

Patancheru Railway Station

51

17.483547

78.318133

Dabeer Pura

52

17.533119

78.274156

Train Stations found using Google Earth.
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Appendix B
Regression Tables
Table 12: Slum Center to Nearest Central Business District Regressions
(1)

(2)

(3)

(4)

VARIABLES

pc_5plus

pc_0_1

pc_5plus

d_SC_CBD

0.461

-0.271

(0.366)

(0.351)

d_SC_CBD2

(5)

(6)

pc_0_1

pc_5plus

pc_0_1

0.205

0.00705

-1.646

2.294

(0.855)

(0.820)

(1.725)

(1.653)

0.0177

-0.0192

0.253

-0.310

(0.0533)

(0.0511)

(0.198)

(0.189)

-0.00701

0.00866

(0.00567)

(0.00544)

d_SC_CBD3

AvgMonthlyIncome

0.00438***

-0.00291***

0.00438***

-0.00291***

0.00432***

-0.00284***

(0.00108)

(0.00104)

(0.00109)

(0.00104)

(0.00109)

(0.00104)

26.29***

53.51***

26.90***

52.84***

30.29***

48.65***

(4.893)

(4.692)

(5.237)

(5.023)

(5.910)

(5.664)

Observations

648

648

648

648

648

648

Adjusted R-squared

0.027

0.013

0.027

0.013

0.030

0.017

Constant

Standard errors in parentheses
* p<0.05, ** p<0.01, *** p<0.001

52
Table 13: Distances through Stations (Linear) Regressions
(1)

(2)

VARIABLES

pc_5plus

pc_0_1

d_SC_CBD

0.477

-0.407

(0.394)

(0.377)

-2.698

4.907

(4.010)

(3.839)

0.0430

0.372

(0.633)

(0.606)

0.00441***

-0.00296***

(0.00109)

(0.00104)

27.02***

51.47***

(5.082)

(4.867)

Observations

648

648

R-squared

0.028

0.017

d_SCBSkm

dist_SC2TSkm

AvgMonthlyIncome

Constant

Standard errors in parentheses
* p<0.05, ** p<0.01, *** p<0.001

Table 14: Distances through Stations Regressions
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

VARIABLES

pc_5plus

pc_0_1

pc_5plus

pc_0_1

pc_5plus

pc_0_1

pc_5plus

pc_0_1

d_SC_CBD

0.354

-0.337

0.340

-0.308

-0.905

0.767

-0.782

0.696

(0.409)

(0.393)

(0.410)

(0.393)

(1.234)

(1.180)

(1.491)

(1.433)

9.850

2.505

8.236

16.19

-3.186

5.503

10.14

2.075

(8.088)

(7.766)

(17.06)

(16.33)

(4.021)

(3.847)

(8.113)

(7.796)

-8.162*

1.555

-5.986

-15.96

-8.746*

2.245

(4.582)

(4.399)

(19.46)

(18.63)

(4.611)

(4.431)

-0.572

4.711

(5.123)

(4.904)

d_SCBSkm

d_SCBSkm2

d_SCBSkm3

53
dist_SC2TSkm

dist_SC2TSkm2

-1.132

1.107

1.586

-4.225

0.562

-0.188

-0.590

0.634

(1.385)

(1.330)

(3.153)

(3.018)

(0.698)

(0.667)

(1.511)

(1.452)

0.143

-0.0911

-0.520

1.212*

0.178

-0.128

(0.154)

(0.148)

(0.708)

(0.678)

(0.180)

(0.173)

0.0382

-0.0750**

(0.0398)

(0.0381)

dist_SC2TSkm3

AvgMonthlyIncome

-

-

-

0.00453***

0.00300***

0.00450***

0.00292***

0.00431***

0.00284***

0.00448***

0.00293***

(0.00109)

(0.00104)

(0.00109)

(0.00104)

(0.00109)

(0.00104)

(0.00108)

(0.00104)

0.535

-0.175

-2.141

2.126

(1.156)

(1.106)

(2.301)

(2.211)

1.126*

-1.284**

4.487***

-3.787**

(0.673)

(0.644)

(1.704)

(1.637)

0.160

-0.147

(0.114)

(0.110)

-0.246*

0.184

(0.129)

(0.124)

d_BS2CBDkm

dist_TS2CBDkm

d_BS2CBDkm2

dist_TS2CBDkm2

Constant

25.67***

50.98***

23.89***

52.71***

25.58***

52.90***

22.09***

53.22***

(5.661)

(5.436)

(6.546)

(6.267)

(5.152)

(4.929)

(6.369)

(6.120)

Observations

648

648

648

648

648

648

648

648

R-squared

0.034

0.018

0.036

0.025

0.033

0.023

0.048

0.030

Standard errors in parentheses
* p<0.05, ** p<0.01, *** p<0.001

Table 15: Distances to Stations Regressions

(1)

(2)

(3)

(4)

(5)

(6)

VARIABLES

pc_5plus

pc_0_1

pc_5plus

pc_0_1

pc_5plus

pc_0_1

d_SC_CBD

0.477

-0.407

0.366

-0.339

0.354

-0.337

(0.394)

(0.377)

(0.410)

(0.393)

(0.409)

(0.393)

-2.698

4.907

-2.669

4.889

9.850

2.505

(4.010)

(3.839)

(4.010)

(3.841)

(8.088)

(7.766)

d_SCBSkm
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d_SCBSkm2

dist_SC2TSkm

1.555

(4.582)

(4.399)

0.0430

0.372

-1.172

1.115

-1.132

1.107

(0.633)

(0.606)

(1.387)

(1.329)

(1.385)

(1.330)

0.152

-0.0928

0.143

-0.0911

(0.154)

(0.148)

(0.154)

(0.148)

dist_SC2TSkm2

AvgMonthlyIncome

-8.162*

0.00441***

-0.00296***

0.00446***

-0.00299***

0.00453***

-0.00300***

(0.00109)

(0.00104)

(0.00109)

(0.00104)

(0.00109)

(0.00104)

27.02***

51.47***

28.79***

50.39***

25.67***

50.98***

(5.082)

(4.867)

(5.392)

(5.165)

(5.661)

(5.436)

Observations

648

648

648

648

648

648

R-squared

0.028

0.017

0.029

0.017

0.034

0.018

Constant

Standard errors in parentheses
* p<0.05, ** p<0.01, *** p<0.001

Table 16: Distances from Stations Regressions

(1)

(2)

(3)

(4)

(5)

(6)

VARIABLES

pc_5plus

pc_0_1

pc_5plus

pc_0_1

pc_5plus

pc_0_1

d_SC_CBD

-0.607

0.787

0.220

0.117

-0.786

0.662

(1.143)

(1.095)

(1.205)

(1.155)

(1.299)

(1.245)

0.482

-0.232

-2.704

2.717

-4.183

6.732**

(1.147)

(1.099)

(2.049)

(1.964)

(3.471)

(3.329)

0.178*

-0.172*

0.658

-1.015**

(0.107)

(0.103)

(0.538)

(0.516)

-0.0234

0.0400*

(0.0249)

(0.0238)

d_BS2CBDkm

d_BS2CBDkm2

d_BS2CBDkm3
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dist_TS2CBDkm

0.913

-1.226**

4.073**

-3.757**

9.597***

-7.245**

(0.615)

(0.589)

(1.621)

(1.553)

(3.102)

(2.975)

-0.257**

0.204*

-1.417**

0.923*

(0.124)

(0.119)

(0.570)

(0.546)

0.0617**

-0.0374

(0.0296)

(0.0284)

dist_TS2CBDkm2

dist_TS2CBDkm3

AvgMonthlyIncome

0.00428***

-0.00279***

0.00435***

-0.00283***

0.00418***

-0.00268**

(0.00109)

(0.00104)

(0.00108)

(0.00104)

(0.00109)

(0.00104)

25.65***

54.22***

24.25***

54.48***

21.96***

51.93***

(4.913)

(4.705)

(5.705)

(5.467)

(6.790)

(6.512)

Observations

648

648

648

648

648

648

R-squared

0.031

0.020

0.038

0.026

0.045

0.031

Constant

Standard errors in parentheses
* p<0.05, ** p<0.01, *** p<0.001
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