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1 Introduction

A city’s transportation system plays an integral role in enabling the mobility that is

essential to socioeconomic participation. Indeed, insufficient access to opportunities

(employment or otherwise) can cause social exclusion (Lucas et al., 2016). This con-

cept of transport-related social exclusion is of particular relevance to emerging econ-

omies, where a lack of accessibility is hampering the urban poor from participating in

economic, social, and political activities.

As cities continue to grow and (in many places) their economies continue to

develop, levels of congestion and land prices are likely to rise, potentially exacerbat-

ing social exclusion of the urban poor. High land prices force the urban poor to either

squat in the inner parts of the city or live in areas with low land and property prices,

mostly located in the peripheral areas. Low-income dwellers in cities in India typically

experience high levels of social exclusion. They are forced into long daily commutes

to and from low-paying jobs on overcrowded public transport systems for which fares

continue to rise and are thus left with insufficient mobility choices, as walking and

cycling are generally not an option for those trips ( Joshi, 2014).

Thus, the debate on where the urban poor live and how they can access their work-

places using public transport modes is central to a more sustainable future of cities in

the developing world. Despite the importance of these issues, most urban transport

planning has avoided measuring the direct impacts of residential and job location

and has limited its focus to understanding the efficiency of the transport network itself.

Better integration between urban development and transport may provide the way for-

ward to prevent the low income and excluded groups from being locked out of activ-

ities that are essential to support a good quality of life (Lucas, 2004). Accessibility

analysis can help to quantify this integration by analyzing the land use and transport

system simultaneously, and by developing metrics that measure, for example, the

number of destinations (generally jobs, but also other urban services) that can be

accessed by a particular group in society in a given time using a given mode (or com-

bination of modes) of transport.
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Likewise, the impact of new developments—such as new mass transit systems or

new affordable housing can thus be compared regarding their contribution to a more

equitable distribution of accessibility, using a standard set of metrics. Agreeing that

transport equity can be viewed as the distribution of a minimum required level of

accessibility based on principles of social justice and fairness (Martens, 2017), this

study focuses on measuring the transport equity impacts of two related projects, both

targeting low-income residents, in the city of Ahmedabad, India.

Ahmedabad, like many other cities in India, has embarked on an urban renewal

program under the Jawaharlal Nehru National Urban Renewal Mission (JnNURM)

with the explicit intention of providing more sustainable and equitable transport

(MOUD, 2017) and pro-poor housing solutions (MOHUA, 2017). Initiatives spon-

sored under this urban renewal program across India include the development of rapid

transit systems [bus rapid transit system (BRTS) and metro rapid transit system

(MRTS)], investment in nonmotorized transport (NMT) infrastructure, and the provi-

sion of affordable housing.Whereas these initiatives are directed at the urban poor, the

effect on these groups is not systematically analyzed.

Our focus, therefore, lies with the urban poor; we define three different urban poor

groups with distinct characteristics regarding income, housing and housing location,

and jobs and job location. The equity standard we employ is based on a before and

after scenario of two projects: a housing relocation project and a BRT project. We

consider these projects to be fair (i.e., to promote equity) if they increase accessibility

to jobs (even if limited) for all urban poor groups, which is an application of the well-

known Pareto criterion. We consider the outcome of the project more equitable if the

poorest group profits more than the middle poor and the least poor group. We do not

apply a minimum accessibility norm; our approach is to evaluate whether the

implemented projects have contributed to more equitable accessibility for the poorest

groups by comparing the situation before and after the project.

The metrics used in this study help to assess the effectiveness of the different pro-

grams currently being developed in Ahmedabad and elsewhere to reduce social exclu-

sion. The presented metrics and the developed geographic information system (GIS)

tool can thus help to highlight critical investment or policy reform needs in cities in

India and beyond.
2 Ahmedabad

Ahmedabad is the largest city and former capital of the Indian state of Gujarat located

on the bank of Sabarmati River in the western part of India. The river divides the city

into two halves, mostly referred to as East Ahmedabad and West Ahmedabad.

Ahmedabad, with currently more than 5.5 million inhabitants (Fig. 1) is the fifth larg-

est city and the seventh largest metropolitan area in India, and is one of the vital trade

and commerce centers. Its flourishing textile industry collapsed in the late 1980s, but

the present city still accounts for 19% of the total urban workers in the state, while the

city houses only 9% of the state inhabitants, and still hosts several large industries,

such as for textile, chemical engineering, and pharmaceuticals.
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Fig. 1 Ahmedabad population growth since 1871.

Data from 2011 Census of India (Government of India, 2011).
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Lopsided and heterogeneous development marks the built form pattern of the

city. The population density ranges from 2293 persons per hectare in the (old) walled

city area to densities of 150–370 persons per hectare in the western part of the city.

Ahmedabad still has a substantial urban poor population; about 25% of the total

population (AMC et al., 2006) live in slums, and an additional 14% live in tenement

houses, also called chawls (Mahadevia, 2001; MOHUPA and Government of India,

2010), which are spread over the city.

In terms of transport, the present mean trip length of 5.5km in Ahmedabad is

lower than same tier cities such as Bengaluru, Hyderabad, and Pune (Pai, 2008),

but the fast sprawling city and rapid rise in motorized vehicle ownership and use

are matters of concern. Two mass transit modes are currently in operation in the

city. The main system is the Ahmedabad Municipal Transport Service (AMTS),

with around 540 buses, and routes oriented mostly to connect to the central portions

of the city. A newly constructed system is the BRTS, which now runs successfully

on the main radials (see Fig. 2). Also, Ahmedabad has advanced plans for the con-

struction of a MRTS.

The BRTS project is implemented under the JnNURMmission. This urban renewal

mission also supports several slum improvement programs, such as the Basic Services

for the Urban Poor (BSUP) program, which includes the Socially and Economically

Weaker Section Housing (SEWSH) project, which is considered in this study. In this

project, in total 976 buildings are built to relocate 78,080 poor residents from slum

locations, mostly at locations which are redeveloped through the Sabarmati Riverfront

Development project.

The main questions addressed by this study are (i) what is the change in accessi-

bility to jobs of those urban poor that have been relocated to new housing sites? and

(ii) what are the anticipated impacts of the proposed investments in the BRTS and

future MRTS on the level of accessibility to job opportunities of the urban poor

vis-à-vis the defined equity standard?



Fig. 2 Existing and proposed public transport systems in Ahmedabad.
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To answer these questions, we have developed a GIS-based three-dimensional

(3D) multimodal network model, which we elaborate further below. The model

combines all public transport modes and walking and cycling access/egress modes

into an integrated and connected network, suited to analyze travel time with unlim-

ited modal change within a single trip. Such a model is very suited to evaluate

the effect of various policy scenarios on accessibility and social exclusion as

discussed below.

We apply two accessibility measures. The first, a gravity-based measure, evaluates

the city-wide impact of the proposed BRTS and MRTS on potential accessibility for

the urban poor in the city as a whole, whereas the second, a contour-based measure,

evaluates the accessibility impact of the housing relocation project involving 21 social

housing complexes for different combinations of modes (AMTS, BRTS, MRTS,

walking, and cycling). Both measures are analyzed and discussed in view of transport

equity. The measures used are further explained below.

We conclude on the contributions of the different public transport systems on

accessibility for the urban poor and the effects of the social housing program on trans-

port equity in Ahmedabad.



Can the urban poor reach their jobs? 89
3 Methodology

The following section explains ourmethodological approach,which involves a number

of steps. First,wedetermine the locationsof theurbanpoor, by the identificationof slum

locations and the categorization in three levels of housing quality, associatedwith three

levels of poverty. These groups are then linked to their associated classes of employ-

ment, providing us with a spatial distribution of the poor and their jobs. Subsequently,

we model all transport systems, each with their particular characteristics, in a multi-

modal network model. In the next step, we calculate two accessibility measures, one

associated with the housing relocation project and the other associated with the city

as a whole. For the first, we implement a travel time contour measure which identifies

all jobs within distinct travel time bandwidths. We then calculate the difference in the

number of jobs accessible before and after the housing relocation project, for the three

poverty groups and for different travel time bandwidths. If overall (for most groups and

locations) accessibility is improving, we consider the project to be promoting equity.

For the city-wide analysis, we use a so-called gravity-based measure, which calculates

the jobaccessibility fromeach location in the city to anyother location in the city.Wedo

this for all transport systems and compare changes in accessibility before and after the

implementation of theBRTS andMRTSand look at effects on spatial and social equity.
3.1 Accessibility metrics

The interaction between land use and transport is complex. Everything that happens to

land use has transport implications and vice versa. Urban development generates the

need for travel, which often is translated into the enhancement of transport infrastructure

and services, which attracts further development. Because of this, levels of accessibility

are continuously changing. These interconnections are particularly vivid in a city like

Ahmedabad where rapid urbanization and urban restructuring are transforming the

urban area, and the location of the urban poor population is continuously changing

(formally throughsocialhousingprogramsordevelopment inducedevictions, informally

through squatting). At the same time, urban infrastructure is being reshaped and

redeveloped in response to this rapid urbanization and the city’s fast-growing economy.

Accessibility metrics are particularly suited to evaluate the interaction between

transport and land use, as they value both the infrastructure and the activity system.

These metrics also allow distinguishing between socioeconomic groups, hence mak-

ing them ideally suited for the study of transport equity. The development of acces-

sibility metrics is aided by recent advances in GIS that make the use of detailed spatial

operations and high-quality visualizations possible in a way that can be more readily

used and understood by planners, policymakers, and the general public. The rapid

development of these tools is a benefit for all those interested in understanding the

complex interactions that take place in cities.

Accessibility metrics can be used to analyze the spatial and social equity impact of

interventions by quantifying the extent to which accessibility levels change for one

location and group of people compared with another location and group of people.



Table 1 Analysis and data sources

Analysis activity Key data sources

Data source to

test model

assumptions

Data source

for model

validation

Determining

locations of the

urban poor

Locations of slums and

chawls

Expert interviews

Determining

locations of

employment

Ahmedabad property tax

data

Expert interviews

GIS-based

network

modeling

Various networks, AMTS

and BRTS with their

characteristics

Mode use of urban poor

n.a. n.a.

Contour-based

accessibility

modeling

BSUP housing locations Focus group

discussions

Gravity-based

accessibility

modeling

Ahmedabad household

survey

Distance decay curves

Focus group

discussions
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When compared to a normative value of accessibility, the same analysis can be used to

gauge transport justice levels.

In this study, we apply location-based accessibility metrics, linking locations of

opportunity (i.e., job locations) to locations of residence (i.e., locations of the urban

poor). We consider the resistance of space (i.e., traveling through a multimodal trans-

port network) to study the transport equity impact of public transport projects in com-

bination with a social housing project in the context of a city in the developing world.

Below, themainmethodological approaches that were followed are explained. Prior

to this, an overview of data sources is provided for the key elements in the research.

To support key assumptions on the locations of the urban poor, the locations of

their employment and their sensitivity toward travel time, two activities were carried

out to gather qualitative data: (i) a number of focus group discussions and personal

interviews were conducted on eight locations with (groups of ) poor dwellers and

(ii) a number of interviews were held with experts from the CEPT University in

Ahmedabad in the field of transport and development. In the following sections,

the various analytical steps are discussed, and their assumptions and data validation

explained. Table 1 provides an overview of the main types of analysis performed, their

associated data sources, and assumptions.
3.2 Locations of the urban poor

In Ahmedabad, about 40% of the population resides in informal settlements.

A substantial number of the urban poor reside in these locations. The two dominant

types of informal settlements are slums that have developed out of the illegal
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occupation of the marginal areas of the city by migrants and squatters, and chawls,

which are residential units originally built for workers in the mills and factories. Most

slum dwellers tend to settle along the waterways in the city, like Sabarmati River, on

vacant land or in low-lying areas (Bhatt, 2003).

In the absence of reliable and disaggregated census data on poverty in Ahmedabad,

we have used the locations of informal development and the quality of buildings

in informal areas to identify the locations of the urban poor. We assume that the

urban poor mostly live in these slum and chawl areas in the city. This assumption

was tested and confirmed by expert interviews. Given the absence of poverty data,

housing data are typically used as a proxy for identifying the residential location of

the urban poor.

The data on slum locations were collected by the CEPT University in Ahmedabad

as part of the Slum Free City Ahmedabad project. The survey data for these areas con-

tain the number of huts in total, the number of huts that are poorly built (kutchha), the
number of huts that are of good construction (pucca), and one class in between

(semipucca). The three types of housing conditions are used as proxies to classify

the urban poor into the least poor (occupying pucca housing), middle poor (occupying

semipucca housing), and poorest (occupying kutchha housing). This classification is

used to estimate the number of (potential) workers assuming two potential workers

per hut irrespective of housing type, following Bhatt (2003). Fig. 3 shows concentra-

tions of (potential) workers (all urban poor classes combined) in the city based on the

slum and chawl locations.
3.3 Locations of employment opportunities

We derived data on job locations, job types, and their densities, using 2011 property

tax data of Ahmedabad (Munshi, 2013), to identify employment opportunities and

map their locations at an appropriate spatial scale. These data were spatially dis-

aggregated to obtain job density grids (using 100�100m grid cells) and clusters

by employment sector, that is, distinguishing industrial, retail, government, education,

transport and logistics, and office and commercial jobs. The employment data per grid

were then grouped into three categories: salaried (24% of the potential jobs, typically

in education, banking, government, hotels, and commercial sectors), self-employed

(33% of the potential jobs, one for each retail job), and casual labor jobs (43% of

the potential jobs, typically construction, storage warehouses, and industrial jobs).

This urban employment subdivision can be typically (but not exclusively) linked to

the identified worker categories, that is, the least poor (11% of the urban poor in

Ahmedabad), middle poor (67%), and very poor (22%), respectively, following

Ray (2010). The three worker categories represent different levels of wages associated

with different levels of poverty and uncertainty of income. The percentages of these

job categories and worker classes in Ahmedabad are depicted in the chart in Fig. 4,

where matching colors indicate matching job categories and urban poor classes. There

is a surplus of about 100% in potential jobs; these jobs may also be occupied by

nonpoor workers. Competition for jobs as such is not considered in this study.

For the accessibility analysis, both the locations of the urban poor and employment

locations have been aggregated to a 400�400m grid for computational reasons.



Fig. 3 Concentration of all potential urban poor workers per quarter of a hectare (based on

so-called “kernel density”’).
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3.4 Modeling public transport systems

We model each specific mode as a subsystem of the whole transport system with its

own network and routes and with contact points or exchange points at the stops or

terminals where it is possible for people to change from one mode to another. Recent

advances in 3D GIS provide us with opportunities to represent multiple routes that run

on the same street segment in three dimensions. This approach allows for the possi-

bility to precisely define and store the networks of the individual modes, their network

connectivity, and the attributes of routes, stops, and connections. Moreover, the
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Fig. 4 Distribution of urban poor classes and employment categories.
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disconnected nature of routes into multiple overlaying layers in 3D allows for shortest

path algorithms. To adequately model the transport system in the city of Ahmedabad,

we considered the following modes:

l NMT modes (walking and cycling), operating mostly on sidewalks for walking and the gen-

eral road network for cycling except some bicycle paths along the BRTS. For these modes,

separate walking and cycling networks have been generated based on the general road

network.
l The AMTS, operating fixed routes on the general road network. For this mode, we have

generated separate route networks connected to each other at the locations of bus stops.
l The Ahmedabad BRTS, operating fixed routes on dedicated BRTS infrastructure, phases 1

and 2 of which are in operation and implemented in the model (Fig. 2). For this mode, we

generated a separate network.
l The AhmedabadMRTS, which will be operated on dedicated rail infrastructure in the future.

Also here, a separate network has been generated.

There are no private motorized modes used in the model. We assume that the urban

poor hardly own and use these, an assumption that was confirmed by the focus group

discussions and interviews. The influence of these motorized modes on the average

operating speeds of the other modes such as cycling and the AMTS is considered

though. A GIS network dataset that contains all four modal networks has been devel-

oped, that is, a geo-database including the general road network layer (used for model-

ing access and egress trips by walking or cycling), the AMTS network, the BRTS

network, and a part of the proposed MRTS network. All networks include stops or

stations where trip makers can enter, exit, or transfer within or between the modal net-

works. As such, the fully connected and functional 3D multimodel network model has

been developed and implemented in the software ArcGIS (Fig. 5).

Fig. 5 shows a visualization of how the lines are modeled in 3D. Each AMTS route

is modeled in 3D, in a horizontal plane. This approach allows for the possibility to

model more than one bus route on a single street segment. Likewise, the BRTS

and walking and cycling networks have been modeled. In the model, travel time



Fig. 5 The 3D representation of the public transport model for Ahmedabad.
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and distance are considered as the main impedances, although the database in princi-

ple allows for adding other attributes such as distance-based fares, etc. The time cost is

the sum of all time spent using a mode or transferring between modes. Fig. 6 shows

how the various transport system attributes are combined into one multimodal net-

work model. The multimodal network model is complemented with walking or bicy-

cle access and egress times. In this way, the GIS database can be used to link the urban

poor locations and their respective job locations.
3.5 Modeling accessibility

Two major policy initiatives that have an impact on accessibility for the poor have

been implemented during the same period; the BSUP housing relocation schemes

and the BRTS. We first analyze the city-wide effects of the BRTS on the accessibility

of all urban poor. Then, we zoom in on the effect of housing relocation based on the

relocation itself under the condition of current urban poor mode use (walking and

AMTS), followed by the inclusion of the BRTS as a mode. To carry out these two

analyses, two types of accessibility metrics have been implemented. A gravity-based

measure is used that is suited to evaluate accessibility for several scenarios of transport

system improvement and different types of users (varying between mode combina-

tions, poverty classes, and locations of interest). A contour-based measure that is

suited to evaluate the quality of the relocated sites in terms of their accessibility.

The contour-based measure is chosen for the analysis of accessibility for the housing

relocation sites. It can be more easily explained and communicated to policymakers



Fig. 6 Modeling of network impedances. N/A means not applicable, as walking and cycling trips do not have access and egress trips.
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and is based on the total number of jobs, which is easily understood than the more

abstract discounted number. Moreover, it is not based on assumptions associated with

distribution curves. It allows us to evaluate changes in equity based on travel bands,

which is not possible with a gravity-based measure that works by a distance decay

function and is therefore continuous. For the area-wide analysis, we do find the

gravity-based measure more suited, as its application in the GIS is cell-based and pro-

vides a summative count for all job locations in the city, using a continuous measure.

Contour-based accessibility maps show the area that can be reached in different

time bands of travel (up to 10, 20, 30, 45, and 60min) around each of the locations

where new housing projects are being developed. Travel times are calculated in the

multimodal network model, based on the estimated travel speeds and attributes of

the modes used and average waiting times at stops. The number of jobs (by employ-

ment category) within each contour can be calculated in a GIS overlay operation.

The gravity-based accessibility metric is an extension of the contour measure and

discounts jobs that are further away from a location using a negative exponential

decay function that is based on the travel behavior of the poor in Ahmedabad. The

decay functions have been estimated following methods proposed by Skov-

Petersen (2001) and Salze et al. (2011) in such a way as to not provide a generic travel

time decay function for all trips, but to generate mode-specific decay functions (walk-

ing vs general public transport). The curves are based on a large household survey of

Ahmedabad consisting of 4950 valid household samples containing almost 30,000

trips of over 16,000 individuals. Out of this data, the trips of the urban poor

(19,000, or 63% of all trips) were extracted and again classified by their housing type.

In this way, curves were estimated for the poor only, for employment purpose trips for

public transport users and walkers.

The curves of both public transport and walking (Fig. 7) show that the travel time

decay is quite strong in both modes. The walking decay, however, is particularly
Fig. 7 Travel time decay curves for the urban poor for walking and public transport trips, based

on 19,000 urban poor trips, classified with a class width of 5min increments.
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strong, indicating that less than 20% of the poor are traveling on foot longer than

20min to reach their job location, as opposed to 40% in the case of public transport.

4 Results

4.1 City-wide accessibility analysis

The potential accessibility measure explicitly combines job opportunities for the poor

and the difficulty of travel. Job opportunities are discounted with increasing travel

time using the above given negative exponential decay functions; a distant job is val-

ued less than one close by. The differences in this potential accessibility value can be

substantial across modes.

Fig. 8 shows the gain in potential accessibility levels for all urban poor classes com-

bined. We compare the situation with the walking and AMTS only combination to the
Fig. 8 Ratio of job-based potential accessibility for all urban poor workers comparing all public

transport options with the walking and AMTS only.
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situation where the BRTS and MRTS have been implemented fully. The BRTS and

MRTS corridors are clearly visible in the resultant map and have a direct impact on

local accessibility, indicating that the effect of the BRTS and MRTS on potential job

accessibility is substantial in these areas.

The contribution of the AMTS and BRTS to potential job accessibility is highest in

the areas surrounding the center locations with high job density. More jobs can be

reached in shorter travel time, and these are valued higher because of the decreased

travel time to reach them. The average overall contribution of the BRTS and MRTS to

the level of potential job accessibility (for the whole city) compared to the walking and

AMTS combination only is calculated at 11%. The contribution of the AMTS and

BRTS phase 1 to potential job accessibility for the urban poor class compared to walk-

ing alone is calculated at 138% (not shown in Fig. 8).

Finally, the three urban poor classes, who live in different locations and who are

employed in different job categories are looked at specifically. Analyzing the

expected gain in their potential accessibility levels from the current AMTS and BRTS

phase 1 systems to one with the BRTS phase 2 and MRTS phases 1 and 2 fully

implemented, reveals a potential increase of 5.1% for the least-poor workers, 5.7%

for the middle-poor workers, and 3.9% for the very poor workers. The very poor

workers (accessing casual labor jobs) will benefit less than the other two groups from

the planned extensions, as they are mostly located further from the BRTS and MRTS

corridors, while the middle-poor workers (accessing self-employment jobs) benefit

the most. The new systems, therefore, do not contribute to reducing the gaps between

the poorest group and the other poor groups.
4.2 Accessibility of relocated communities

In this section, we zoom in on the housing relocation sites in particular and validate

results using focus group data obtained during site visits (Fig. 9). We discuss how the

forced move of people has impacted their accessibility and how this has led to further

inequity. A comparison of levels of accessibility to jobs by multimodal combination,

including a defined access and egress mode (walking or cycling) is shown. We apply a

contour-based measure for the 21 BSUP housing locations.

Using the contour-based accessibility measure, the number of job opportunities of

the working population (all three urban poor classes together) living in 21 selected

BSUP locations is derived. Various travel time bandwidths are distinguished.

Fig. 10 shows a contour map for one central BSUP location only (Ahmedabad cotton

mill—BSUP No. 5) demonstrating the impact of the current and planned investments

in the BRTS and MRTS on job accessibility as compared to the situation with the

walking and AMTS only. The spatial extent of the job opportunities reachable within

1 h travel time clearly increases as, particularly near the current and planned corridors,

travel times reduce. A similar analysis was done for each of the 21 BSUP locations. To

see the effect on job accessibility regarding the number of opportunities, we spatially

overlay the contour maps with the employment map (all three urban poor classes



Fig. 9 Interview at one of the new housing locations.
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combined) to get the chart in Fig. 11. The chart shows the total number of job oppor-

tunities reachable for each of the 21 BSUP locations in stacked bars indicating the

different travel time bandwidths. For all 21 locations together, the BRTS and MRTS

investments increase the level of job accessibility for the urban poor within 30min

travel time by 16.5% as compared to the AMTS situation only, while this figure is

almost 50% for trips up to 60min.

Fig. 11 provides a fascinating picture of spatial inequity. It shows enormous spatial

variations in job accessibility of the poor, depending on the location they have

migrated to. Six of the locations (BSUP locations nos. 5–10) show very high levels

of accessibility, with, in the BRTS scenario, up to 350,000 jobs that are accessible

within half an hour. This half an hour is essential, as it is the travel time band in which

96% of the walking trips and 82% of the public transport trips of the poor take place

(see Fig. 7). Locations 5–10 are in the old city area, where most of the jobs for the

urban poor are located. On the other hand, five other locations (BSUP locations

nos. 1, 13–16) show deficient overall levels of job accessibility.

This result is a clear indication of a very inequitable situation. Also, from locations

1, 14, and 15, few jobs are accessible within 45min of travel. People who are relocated

to these areas are, therefore, further marginalized and disadvantaged. Some of the

locations they were forced to migrate to do not provide enough accessibility to live-

lihood sustaining activities. The inequity in accessibility is thus contributing to further

inequity in income.

The maps in Fig. 12 demonstrate clearly how spatial inequity works, by highlight-

ing the spatial configuration of the various transport systems as well as the cells with



Fig. 10 Contour-based accessibility plots for Ahmedabad cotton mill (no. 5) for the walking and AMTS only (left) and all current and

planned public transport modes + walking (right) for different contour bandwidths (all urban poor workers combined). Names of the BSUP

locations are given in Table 2.
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Fig. 11 Contour-based accessibility levels per BSUP location for different contour lengths

(in minutes) in stacked bars. Each housing location shows three bars: walking (left),
walking + AMTS (middle), and all modes (right) (all urban poor workers). Names of the

BSUP locations are given in Table 2.

Table 2 Names of the BSUP locations

Shahwadi Odhav-1, 187

Vatava Odhav-3, 23

Vatva site A and site B Odhav-3, 37

Calico Mill Odhav-3, 38

Ahmedabad Cotton Mill, Sarangpur Odhav-3, 51

Kesar Hind Mill Ni Chali Odhav-3, 86

Rustam Mill Vadaj BSUP

Vivekanand Mill Ajit Mill, Rakhiyal

Raipur Mill Ishanpur

Saraspur Mill Bag-e-Firdosh

Vijay Mill

Can the urban poor reach their jobs? 101
job locations and their density. Where both transport options and employment

options are absent, people are at a clear disadvantage. Detailed analysis of locations

13–16 reveals that these are located relatively far away from current or planned pub-

lic transport stops, and also in areas with no jobs or relatively lower job densities.

Access to the BRT from these locations is time consuming, with around 20–30min

of access trip by walking to the nearest BRT station, in the absence of the AMTS

service. In the lower two maps of Fig. 12, locations 1 and 4 are shown, and, as

can be seen in Fig. 11, these score very differently. Location 4 is closer to the city

center and both the AMTS and BRT systems, whereas location 1, although not so far

from the main job concentrations in Euclidean distance, scores very low because it is

on the other side of the river and less favorably located in terms of access to public

transport.



Fig. 12 BSUP locations 13–16 and 1,4 showing the BRTS network and planned stations (triangles) and the existing AMTS route and stations (circles);
job densities indicated in gray scale intensities (all urban poor workers). Names of the BSUP locations are given in Table 2.
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Overall, the ratio of accessibility values of the highest (5) and the lowest (15) loca-

tion for all modal combinations is around 40. Although there is no information on the

exact origin of people who were relocated to a particular housing project, we do know

that all slums from which people originated are located along the riverfront where the

Sabarmati Riverfront Development Project is being implemented (Patel et al., 2015).

After determining the average accessibility of three representative central riverfront

locations in aggregated travel times from 0–30 to 30–60min, we see the following

results (Table 3).

It is clear that, although for some people the relocation has worked out well, for

most people this is not the case. Comparing the average accessibility of the low scor-

ing locations in Fig. 11 with the values before relocation reveals large reductions in the

number of jobs accessible, both for trips below 30min and trips between 30 and

60min, for all modal combinations. The effects are stronger, however, for trips below

30min, which are the trips most of the poor make.

From an equity perspective, one could, therefore, conclude that for the majority of

people who were relocated to locations further away, the relocation has had a detri-

mental effect on their accessibility to jobs, in all travel time bandwidths. The new

BRTS and MRTS can only partially alleviate this situation.

To analyze the impact of cycling as a feeder/last mile mode to and from the BRTS

and MRTS stations, we looked at the change in accessibility levels for the 21 BSUP

locations in the situation that all proposed public transport interventions have been
Table 3 Average accessibility values before relocation by mode, compared to average

accessibility values after relocation, with locations that win or lose, for two aggregated travel

time bandwidths

0–30min Walking

Walking

+AMTS All modes

Before

relocation

78,000 jobs 148,000 jobs 215,000 jobs

After

relocation

40,000 jobs 61,000 jobs 80,000 jobs

Winners Four locations (5, 6, 10, 11) Three locations

(5, 6, 10)

Three locations

(5, 6, 10)

Losers 17 Locations (1–4, 7–9, 12–21) 18 Locations

(1–4, 7–9, 11–21)
18 Locations

(1–4, 7–9, 11–21)

30–60min Walking Walking+AMTS All modes

Before relocation 353,000 jobs 798,000 jobs 910,000 jobs

After relocation 155,000 jobs 545,000 jobs 637,000 jobs

Winners Six locations (5–10) Seven locations (5–11) Nine locations

(5–11, 19, 20)
Losers 15 Locations

(1–4, 11–21)
14 Locations

(1–4, 12–21)
12 Locations

(1–4, 12–18)
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implemented (Fig. 13). We use the gravity-based measure (without travel time band-

widths) to illustrate the effect of the access and egress function. Our findings show a

huge increase in accessibility levels in all locations, even the ones that are relatively

close to the center. The strongest effects are seen in the five locations with the lowest

(contour-based) accessibility levels as described above and depicted before in Fig. 11)

(nos. 1, 13–16). These locations are relatively far from public transport stops. The use

of bicycles in access and egress makes that more jobs are reachable in the first section

of the distribution curve, which results in less discounting of jobs.
5 Policy relevance

The objective of this work was twofold: to measure the effect of public transport

improvements on the overall level of job accessibility of the urban poor in

Ahmedabad, as well as to evaluate the accessibility of the urban poor after relocation

through a housing relocation program.

Our findings show that there is variation between accessibility to jobs for the

different urban poor groups. Compared to walking, public transport does

improve job accessibility, particularly through the extensive AMTS network,

that can be accessed relatively easily from all locations in the city. The current

and planned BRTS and MRTS projects improve this accessibility to jobs con-

siderably further, but mostly in the close vicinity of these systems. The contri-

bution of these projects quickly drops as the distance to the BRTS and MRTS

stations increases.

These findings suggest that the planning of new mass transit lines should always

encompass improvements in access and egress options. In addition, accessibility

would improve if the BRTS frequency and speed would increase if fares of the AMTS,

BRTS, and MRTS would be integrated and physical connections improved.

Our analysis shows that if the urban poor could use the bicycle as an access mode

accessibility levels improved further as cycling provides an excellent first-mile access

and last-mile egress to and from the BRTS and MRTS stations, combining the

strengths of both systems. While bicycle mode share is currently 19%, few people

make use of the cycling option to access stations because of a lack of facilities for safe

parking at the BRTS and MRTS stations. Cycling should, therefore, be considered

more seriously and specific policy needs to be developed to make the BRTS more

accessible to cyclists. Such policy could involve the safeguarding of current cycling

infrastructure facilities and the provision of new facilities, safe crossings, new guarded

bicycle parking facilities, and the like. Also, the implementation of public bike

schemes that are designed to be used by the poorest could be considered at strategic

locations, particularly for egress trips in central locations.

The analysis of accessibility of the BSUP housing locations clearly demonstrates

that most locations are wrongly chosen, given their position relative to employment

and transport systems. Families that were moved to these locations have very limited

access to jobs within a reasonable travel time (30min), which significantly impedes

their ability to take part in economic life. On the basis of our first defined equity



Fig. 13 (A) Potential accessibility in the BSUP locations for all urban poor workers.

(B) Comparing walking and cycling feeders to all public transport options.
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standard—remember we consider the project to be fair if it increases accessibility to

jobs for all urban poor groups—we conclude that the housing relocation is not equi-

table, as accessibility levels have dropped for a large section of the urban poor

population.

Although the relocated groups do benefit to a degree from the planned public trans-

port interventions, these benefits are too marginal to compensate the negative effect of

the relocation. To limit the negative effects on spatial and social equity, more attention

should be paid to both the locational characteristics of the new sites and a more equi-

table transport system. Only if both elements are jointly considered, can these negative

effects be controlled.

To improve the benefit of systems like the BRTS, particularly for the urban poor, its

spatial coverage should expand, and more attention needs to be paid to the routing of

the various systems given the locations of the urban poor and their jobs. New low-cost

housing projects such as BSUP, should, therefore, be planned on or close to mass tran-

sit corridors.

To push the agenda of social inclusion of the urban poor forward, local planning

efforts should concentrate on public transport improvement and the NMT feeder func-

tion, and particularly the development of more integrated urban land use and

transport-development strategies.
6 Further reading

Various studies have discussed the application of location-based measures. For

instance, in Tel Aviv and Ha Noi, these have been used to assess the difference between

potential accessibility by car and public transport (Benenson et al., 2010; HongHa et al.,

2011); in Boston, Los Angeles, and Tokyo between potential accessibility to jobs versus

different urban form (Kawabata and Shen, 2006); in Finland to study the relation

between potential accessibility by road and railway to population change (Kotavaara

et al., 2011); and in China to develop an Urban Accessibility Planning Support System

(Shi et al., 2012). More complex location-based measures explicitly incorporate capac-

ity restrictions of supplied activity characteristics to include competition effects (Geurs

and Ritsema van Eck, 2003; Cheng and Bertolini, 2013). However, these indicators also

require more analytical skills from users (Handy and Clifton, 2001) and place a high

demand on data availability.

Other studies have looked at the effect of transport projects on social inclusion of

the poor. Teunissen et al. (2015), for example, show this is the case for the low-income

population in Bogotá, Colombia, while Lucas (2011) shows this for the Tshwane

Region in South Africa.

An interesting study that looked into the equity effects of a BRT system was carried

out in Cali, Colombia by Delmelle and Casas (2012). They applied a gravity-based

accessibility measure to three classes of activities (education, recreation, and hospi-

tals) on a single mode BRT system, using z-scores to indicate deviations from the city

average of accessibility.
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Various authors have looked at measuring equity in relation to accessibility, includ-

ing Martens (2017), van Dijk et al. (2016), again Delmelle and Casas (2012),

Teunissen et al. (2015), Neutens et al. (2010), Preston and Raj�e (2007), and many

others. Whereas many useful approaches have been developed, questions remain

on which metrics are suited for which context, scale level, and level of aggregation

at which they are used, whether or not simple measures are sufficient, etc. More work

is needed on effective measures that are both robust in terms of equity appraisal of

transport projects, are easily understood and communicable, but also work in rela-

tively data poor environments.

The principle of 3D network modeling was described by Thill et al. (2011) in an

interesting paper in which this approach was primarily tested on indoor environments.

The paper discusses a prototype approach in a controlled campus area in which the

accessibility calculations are somewhat limited. However, it provides an interesting

overview of the methodological issues and possibilities of the 3D modeling approach.

The case of displacement in relation to the riverfront development projects in

Ahmedabad has been researched and discussed in depth in Patel et al. (2015). In this

paper, the policies and governance processes surrounding the relocations are dis-

cussed. Its findings indicate that the poor, who have not been included in the infra-

structure planning and resettlement process, have been further marginalized and

impoverished as a result of these projects.
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