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A B S T R A C T

Mumbai Metro is planning to build 152 km of high-speed urban rail lines. The first line of Mumbai Metro was built
through a Public-Private Partnership (PPP) and opened in 2014. Financial issues since its opening necessitated a
fare increase—among one of the highest in India to maintain the line's commercial viability for the private
operator. This paper examines how high dependence on farebox revenue could have been avoided by using Land
Value Capture (LVC) to finance Mumbai Metro. A panel data hedonic price model was used to assess the impact of
Mumbai Metro's commencement on approximately 66,000 apartments. The model shows a significant uplift of
14% in property prices in the Mumbai Metro catchment area resulting in USD 179 million value capture op-
portunity under Mumbai's existing legislative framework. This paper suggests that LVC could enable a PPP urban
rail projects to achieve financial and social viability if governance systems can enable appropriate mechanisms.

1. Introduction

21st century India has opened over new 10 urban rail systems and is
planning another 40. Mumbai1 is the first Indian city to conceptualise a
Public-Private Partnership (PPP) model for urban rail. The concept
hinged on projected ridership resulting from a traffic demand model. The
planning process did not factor the impact of urban rail on land value and
prospective Land Value Capture (LVC). The traffic demand model has
failed and the existing ridership amounts to only half the anticipated
number. This has led the private operator to request an increase of the
fare through a Fare Fixation Committee (FFC) (2015) of the Government
of India. The FFC noted that non-fare box revenue options are limited
therefore an increase in fares creates the only way to make Mumbai
Metro commercially operational. The FFC however did not explore the
option of land-based financing. The fare hike has not been implemented
yet as Mumbai Metro's government partner has taken legal recourse
rebuking the hike and arguing that higher fares would render the system
unaffordable for members of society's low-income sections. Such issues of
finding how to balance commercially and equity in transit are common
around the world (King and Streeting, 2016; Suzuki et al., 2015; Ubbels
et al., 2001).

In this paper, we examine whether the proposal for the Mumbai

Metro could have incorporated LVC as a source of finance, and thus the
proposed fare hike could have been avoided. The role of LVC in achieving
a balance between affordable fares and business viability in PPP's has
been an issue in other cities (Sharma et al., 2015; Smith and Gihring,
2006; Suzuki et al., 2015). To investigate this in Mumbai, a Hedonic Price
Model (HPM) was estimated to assess the impact of Mumbai Metro's
11 km Line 1 commencement on the value of land in its catchment area.
This research is essential in highlighting this impact, as Mumbai is
planning to expand Mumbai Metro to 190 km in the next 6 years
(Bloomberg, 2017). This paper further discusses which LVC mechanisms
can be applied in Mumbai based on a literature review and existing
applicable LVC mechanisms in Mumbai.

2. Conventional funding sources

Public transport systems have historically faced financial deficit when
highly dependent on farebox revenue and government funds (Sharma
et al., 2015; Ubbels et al., 2001). The cost-revenue gap is considered
widest in urban rail as this is one of the most capital-intensive forms of
city public transport (Knight & Trygg, 1977; Viton, 1980). Urban rail is
supported primarily by public funds as its cost-revenue structure (busi-
ness model) is burdened by labour-intensive construction, increasing
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maintenance needs of older systems and increasing travel demand due to
urbanisation (Transportation Research Board TRB, 1998). Public funds
are generally in the form of capital loans and operational subsidies.

Subsidy can be defined as a payment not requiring direct exchange of
goods or services of equal market value in return. It is aimed at accom-
plishing a specific objective or effect (Black, 1995, as cited in Ubbels
et al., 2001). Subsidy for public transport is justifiable for it being a
‘service’. However, subsidies impose one or both of higher taxes and
reduced spending on other public services (Smith and Gihring, 2006).
Proost et al. (1999, as cited in Ubbels et al., 2001) argue that subsidies
work against economic efficiency when they become excessive.

Another form of public funds i.e. loans involve significant risk for the
borrower. Flyvberg (2007) provides empirical evidence for this from a
study on 44 urban rail projects (including extension projects) completed
between 1966 and 1997 in North America (18), Europe (13) and
developing nations (13) worth approximately USD 37 billion (2005
prices). The study revealed (Flyvberg, 2007):

1. Average cost escalation for urban rail is 45% in constant prices.
2. For 25% of urban rail projects, cost escalation is at least 60%.
3. Actual ridership is on average 51% lower than forecast.
4. For 25% of urban rail projects, actual ridership is at least 68% lower

than forecast (Flyvberg, 2007).

Flyvberg (2007) concluded that urban rail reflects a risk profile when
cost and revenue risk are combined. Borrowings on projects with high
economic risk are most likely to push the nation into a series of debt and
significant fiscal deficit. These studies were mostly from 20th century
projects and since then significantly better patronage has happened in
urban rail (Newman et al., 2013). However, the stark problem of urban
rail requiring capital loans and operational subsidies continues.

In emerging Indian cities, the loan borrowing scenario discussed
above impacts public and private players differently. The cities have
raised soft loans from international donors at about 1%–2% interest rate
against a sovereign guarantee to develop urban rail. The funds have been
used to construct publicly-owned urban rail systems. The sovereign
guarantee option was not available to privately built and operated pro-
jects (such as Mumbai Metro) leading them to borrow at a high interest
rate (market rate of over 11%) (FFC, 2015).

Urban rail projects in India both public and private are running into
losses. The privately-operated systems i.e. Mumbai Metro and Gurgaon
Metro have raised fares to compensate for losses but the public systems
rely on government subsidies. Neither of these financing models is
economically progressive as fare hikes can exclude sections of society
from urban rail.

The universal issue of finding a more viable and progressive way of
financing the building and operations of urban rail is pushed in this paper
by examining how governments can tap the quantitative value created by
public investments in urban rail through land value increase. This will be
done by examining the case study of Mumbai and how the potential of
Indian metro projects can be improved in general through land value
capture (Banister and Thurstain-Goodwin, 2011; Lohia, as recorded in
Blagg, 2015).

3. Literature review

3.1. Impact of urban rail on land value

Urban rail impact on land value is well established. There is a wealth
of empirical studies demonstrating increase in land value due to urban
rail in both developed and emerging cities (see Anantsuksomsri and
Tontisirin, 2015; Armstrong and Rodriguez, 2006; Cervero, 2003; Du and
Mulley, 2007; Garrett, 2004; Laakso, 1992; Medda and Modelewska,
2010; McIntosh et al., 2014; Mulley, 2014; Sharma and Newman, 2017;
Sun et al., 2017; Yankaya, 2004; Zhong and Li, 2016). Governments are
recognizing this can be used as a significant source of public finance, for

example in India and Australia they have instructed their state and city
authorities to act on LVC implementation (Commonwealth of Australia,
2016; Ministry of Urban Development, 2017). City deals in Australia now
require partnership with all levels of government and the private sector
in order to create LVC mechanisms to pay back infrastructure (Smart
Cities Plan, 2017).

3.1.1. Impact assessment using hedonic price model
In theory, urban rail transit systems catalyse development opportu-

nities and enhance accessibility of adjacent properties, increasing their
desirability, locational value and land value (McIntosh et al., 2014;
Newman and Kenworthy, 2015). This increase can be calculated using
econometric price models specifically hedonic price models which have
been used extensively to calculate this increase.

HPM is based on the notion that land/property value is a sum of
different attributes affecting land value. Thus, the land price can be
divided into the component (or ‘hedonic’) prices of each attribute. The
HPM involves the application of ordinary least squares (OLS) regression
analysis which requires a linear relationship between the dependent
variable (e.g. property value) and independent (explanatory) variables
(e.g. characteristics of property). The HPM functional forms include
linear, linear-log, log-linear and log-log. It is one of the most applied
methods to identify the effects on house prices associated with factors
such as proximity to transportation facilities, the subject for this study.
Over 30 studies have used HPM to calculate the impact of transit on land
values (McIntosh et al., 2014; Sharma and Newman, 2017).

A basic meta-analysis equation can be:

Y¼ f (P,X,R,T,L) þ Є

Where,

Y ¼ Independent variable under examination
P ¼ Set of causes of the outcome Y
X¼ Characteristics of the set of objects under examination affected by
P, to determine outcome Y
R¼ Characteristics of the research method
T¼ Time period covered by the study
L¼ Location of each study conducted
Є¼ Error term.

Estimation of the windfall gains using HPM depends to a large extent
on the nature of data and attributes selected for the model. The attributes
include factors influencing land value like distance accessibility to work
centres, transit, neighbourhood characteristics and others. Zhao and
Larson (2011) highlight the limitation of econometric models as it is
difficult to separate the value uplift due to improved transport accessi-
bility from the uplift due to general increase. However, size and nature of
data can ensure efficiency in assessments through availability of updated
registries and detailed data sets.

An examination of several HPM case studies on impact of urban rail
on land value shows that there is a contrasting situation between
developing and developed countries for the availability of property re-
cords. The cities of developed countries have organized databases and
their datasets range from 1000 to 400,000 with a large number of in-
dependent variables. The studies from developing cities show a small
number of independent variables and dataset of about 350 observations
(McIntosh et al., 2014; Sharma and Newman, 2017).

HPM cases from developed and emerging cities show significant in-
crease in land values due to urban rail, few cases are marked below:

In developed cities:

1. An HPM study on Perth by McIntosh et al. (2014) showed 40% in-
crease due to commencement of an urban rail line.

2. In Lisbon, this value was found to be 6%, calculated by Martinez and
Viegas (2009) through HPM.
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