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A Transit-Oriented Development
Framework Needed to Maximise the
Impact of Penang’s Mutiara LRT Line

By Joshua Woo Sze Zeng (State Assemblyman for Pulau Tikus, Penang)

EXECUTIVE SUMMARY

Penang's federally funded RM16.8 billion Mutiara Light Rail Transit (LRT) Line presents a major
opportunity to reshape how the state grows and distributes access to opportunity.

Transit-oriented development (TOD) can translate rail investment into lasting changes in urban form
and travel behaviour. Drawing on TOD experiences of Singapore, Copenhagen and Hong Kong, this
paper identifies three characteristics of successful TOD:

1. Mixed and concentrated development around stations;
2. Genuine access through safe walking routes and feeder connections, and;
3. Progressive control of private-vehicle demand once credible alternatives are available.

The paper also examines land-value capture, redevelopment challenges in mature urban areas and
the risk of rising housing costs and displacement. It argues that Penang should integrate station-area
development, infrastructure financing, urban renewal, transport-demand management and housing-
equity safeguards within a single framework.

The Mutiara Line's long-term legacy will depend not only on the railway itself, but on how
effectively Penang governs the development and the communities around it.



1. Introduction: Building around the LRT

Construction on Penang’s Mutiara LRT line began in earnest in early 2026. As of August that year, the project
delivery partner, MRT Corp, reported that 93% of the land required for the first construction package had
been secured (The Vibes, 2026).

The line will run 29.5 kilometres from George Town to Permatang Damar Laut across 21 stations, with a
target completion date of December 2031 (Carz.com, 2025c), and a further public review opened in early
2026 on a proposed six-kilometre cross-sea link to Penang Sentral (Carz.com, 2026). At an approved ceiling
of RM16.8 billion, it is unambiguously the most consequential public investment the state has made in a
generation.

Yet infrastructure investment of this scale, while necessary, is insufficient on its own to reshape urban
mobility towards greater public transport use and reduced dependence on private vehicles. A substantial body
of transport-geography literature documents cases in which heavy rail investment failed to alter travel
behaviour or urban form because land use around stations remained car-oriented, such as surface parking,
low-density sprawl, and roads that treat pedestrians as an afterthought (Knowles et al., 2020).

The mechanism by which rail investment translates into behavioural and spatial change is known as “transit-
oriented development” (TOD): the deliberate integration of land use and transport planning around transit
nodes (Calthorpe, 1993; World Bank, n.d.). Absent this integration, a rail line functions as an expensive
parallel option alongside an otherwise unreformed car-dominated city.

This paper makes two contributions: it synthesises the conceptual TOD literature into testable policy
conditions; and it derives policy recommendations for station-area development along the Mutiara Line,
engaging honestly with the equity risks, principally gentrification, which TOD can generate if left
unmanaged. Building the LRT is important. Even more important is what we build around it.

2. Characteristics of successful TOD

The World Bank defines TOD as compact, mixed-use, pedestrian-friendly development concentrated around
mass transit, which brings housing, jobs, services, and amenities within convenient reach of stations (World
Bank, n.d.). Popularised by Peter Calthorpe (1993), TOD combines higher-density development with strong
commercial and employment activity along major transit corridors.

Later scholarship identifies several recurring features: walkable station access, connected pedestrian
networks, mixed land use, high-frequency transit, dense urban form, and active management of road-traffic
demand (Knowles et al., 2020). Together, these reflect the broader principle of land use and transport
integration.

More recent research adds an equity dimension through the
“node-place-people” framework, which assesses a station’s network connectivity, the intensity and mix of
surrounding development, and who can actually access and afford it (Zhao et al., 2024). This matters because
successful TOD should be judged not only by density and connectivity, but also by how its benefits are
distributed.

From this literature, three characteristics can be used to distinguish genuine TOD from conventional
development located near a railway.

Characteristic 1: High concentration of people and activity

Residential density alone is an insufficient indicator. For example, a cluster of high-rise towers surrounded
by arterial roads and surface parking may register as dense on a population-per-hectare basis while remaining
functionally car-dependent, since residents must still drive for most errands.
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What matters is the co-location of housing with employment, retail, healthcare, education, and civic
amenities within a walkable catchment. The World Bank’s implementation guidance identifies roughly 800
metres, approximately a ten-minute walk, as the effective catchment radius within which mixed land use
meaningfully reduces trip distances (World Bank, 2018).

Characteristic 2: Genuine orientation toward transit

A nearby station is not truly accessible if reaching it means navigating unsafe crossings, exposed walkways,
and degraded footpaths. This condition carries particular force in Penang's climate: the state’s average
monthly rainfall of approximately 205 millimetres is nearly three times Amsterdam’s and more than four-
and-a-half times Copenhagen’s, and Penang’s driest month typically receives more rainfall than
Copenhagen’s wettest (Weather Atlas, as cited in Woo, 2020).

This single climatic fact should discourage any assumption that Penang can adopt the cycling-centred TOD
models common in northern Europe; the relevant design response is sheltered, shaded pedestrian
infrastructure and dense feeder-bus coverage rather than cycling infrastructure per se.

It is notable that Penang’s feeder network shows early, if modest, signs of behavioural response even ahead
of rail: average daily bus ridership across the state exceeded 46,000 by May 2025, following the introduction
of on-demand van services and free travel on selected routes (Carz.com, 2025b).

Characteristic 3: Controlled private-vehicle demand

A government cannot continue making driving cheap and parking abundant, then expect people to abandon
private vehicles for public transport. Singapore provides perhaps the clearest regional example of how this
can be done. Its car-lite strategy does not rely on rail investment alone. It combines an extensive public
transport network with walking and cycling infrastructure, while deliberately managing demand for private
cars. Between 2016 and 2022, the share of peak-period journeys made through Walk-Cycle-Ride modes rose
from 71% to 74%, while the share made by driving fell from 29% to 26% (Ministry of Transport [MOT],
2024).

This outcome reflects deliberate policy choices. Singapore reinforces its public-transport strategy by
deliberately making private car ownership and use costly. It caps vehicle growth through the Vehicle Quota
System and requires motorists to obtain a Certificate of Entitlement (COE), which gives the owner the right
to use the vehicle for 10 years (Land Transport Authority [LTA], 2026a). Category A generally covers smaller
and lower-powered cars, while Category B covers larger or more powerful vehicles.

In the second COE bidding exercise of August 2026, premiums reached S$128,501 for Category A and
S$131,001 for Category B (LTA, 2026b). At S§1 = RM3.18791, this is approximately RM409,650 and
RM417,619 respectively. These amounts purchase only the COE. Buyers must still pay for the vehicle itself,
a registration fee, excise duty of 20% of the vehicle’s Open Market Value, and the Additional Registration
Fee (ARF), which rises progressively from 100% to as high as 320% of the relevant portion of the vehicle’s
value (LTA, 2026c).

The costs continue after a car is purchased. Singapore uses Electronic Road Pricing (ERP) to charge
motorists for using congested roads at particular times, with rates adjusted according to traffic conditions.
From 29 June 2026, for example, some morning ERP charges reached S$5 for a passenger car on the Ayer
Rajah Expressway towards the city, while other priced expressway segments carried varying charges
depending on time and congestion (LTA, 2026d).

Parking is similarly treated as a scarce resource rather than a heavily subsidised entitlement. At HDB estates,
resident season parking generally costs S$80 a month for surface parking and S$110 for sheltered parking,
while second cars and non-residents can face substantially higher charges, reaching S$190 a month for
sheltered parking in restricted zones. Short-term HDB parking within the Central Area costs S$1.20 per half-
hour during daytime hours, equivalent to S$2.40 an hour (HDB, 2026a; HDB, 2026b). Commercial parking
in central business and shopping districts can cost considerably more.

Fuel adds another significant operating cost. Singapore does not subsidise petrol for motorists in the manner
historically practised in Malaysia, leaving pump prices much more exposed to market prices and fuel taxation.



On 23 June 2026, 95-octane petrol was selling at S$3.42 per litre across the major operators before loyalty
and credit-card discounts. At S§1 = RM3.18791, this was approximately RM10.90 per litre, compared with
substantially cheaper subsidised fuel (RM1.99 per litre of RON9S5) available to eligible Malaysian motorists
(The Straits Times, 2026).

SINGAPORE’S CONTROLLED
PRIVATE-VEHICLE

VEHICLE QUOTA VEHICLE PRICE ERP CHARGES PARKING FEES FUEL COST
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Singapore therefore restrains car use through a mutually reinforcing system: high acquisition costs, vehicle
quotas, progressive registration taxes, road pricing, recurring parking charges and high fuel costs.

Singapore simultaneously strengthens the alternative to driving. Over the decade leading to 2024, its rail
network expanded by approximately 40%, accompanied by continued investment in first- and last-mile
walking and active-mobility infrastructure (MOT, 2024). In 2023, public buses carried an average of 3.747
million passenger trips per day, the MRT 3.243 million, and the LRT 202,000, producing a combined average
of approximately 7.19 million daily public transport trips (LTA, 2025).

Providing an extensive and attractive public transport network is unlikely, by itself, to produce a major modal
shift if private-vehicle demand remains largely unconstrained.

The Klang Valley illustrates this problem. It is served by multiple LRT and MRT lines, the Monorail, KTM
Komuter, BRT, Rapid KL buses and demand-responsive transit services. Yet public transport accounted for
only 25.9% of modal share in 2024, well below the government's 40% target for 2030 (Ministry of Economy,
2025).

Singapore demonstrates the other side of the equation. Its extensive rail and bus network is reinforced by
policies that actively constrain private-car ownership and use. In 2024, mass public transport accounted for
66% of peak-period motorised journeys, while its broader Walk-Cycle-Ride share had already reached 74%
in 2022 (Ministry of Transport, 2024, 2025).



The comparison suggests that infrastructure provision and demand management must work together.
Expanding public transport increases the attractiveness of the alternative, while controlling private-vehicle
demand changes the relative cost and convenience of driving.

The policy lesson is important for transit-oriented development. A government cannot make driving cheap
and parking abundant while expecting a durable shift towards public transport. Singapore makes public
transport attractive while ensuring that motorists bear much more of the economic cost of scarce road space.
A credible car-lite strategy requires both sides of the equation. Public transport must become increasingly
convenient, accessible and attractive, while the financial and spatial advantages associated with private-car
use must be actively managed.

Penang’s fiscal, geographic, and federal constraints make direct replication of Singapore’s vehicle-quota
system implausible, but the underlying principle, that transport-demand policy and land-use policy cannot
be planned separately, is transferable regardless of jurisdiction.

3. TOD financing models

Urban rail is capital-intensive, and one of TOD’s key fiscal advantages is its potential to help finance this
investment through land value capture. This involves recovering, through land sales, leases, development
charges or similar mechanisms, a share of the increase in land value created by improved transit accessibility,
and then reinvesting those gains in the transit system (World Bank, 2015). Three case studies illustrate
different institutional approaches to this model.

Case study 1: Punggol Town Centre, Singapore

At the neighbourhood scale, Singapore offers one of the region’s more fully realised examples of integrated
TOD in Punggol Town Centre. Its strength lies in the deliberate concentration of transport, housing, retail,
public services, recreation, and employment functions around a connected rail network.

Punggol MRT/LRT station connects the North East Line, which provides direct access to central Singapore,
with the Punggol LRT network, which distributes passengers across surrounding public housing estates that
a conventional linear rail alignment would serve less effectively. By 2032, the interchange is expected to
gain a third connection through the Cross Island Line (Land Transport Guru, 2026).

The station sits within a dense residential and commercial precinct, with major retail and housing
developments concentrated around the transport interchange. The wider town centre is also surrounded by
extensive public housing estates, giving the precinct a substantial residential population within reach of the
rail network.

Around this transport, retail and housing core are several major civic and community functions. One Punggol,
an integrated community hub opened in October 2022 on a 2.8-hectare site, brings together a community
club, public-service facilities, a regional library, hawker centre, childcare and eldercare services, a blood-
donation centre and a kidney-dialysis facility (BYKidO, 2022). Its significance lies in how it complements
the wider precinct rather than functioning as the precinct in itself.

The same logic extends to recreation and employment. The Punggol Regional Sports Centre is scheduled to
open in 2026 with a 5,000-seat stadium and five swimming pools (Ministry of Culture, Community and
Youth, 2024; The Smart Local, 2026). Further north, the newly opened Punggol Coast MRT station serves
the 50-hectare Punggol Digital District, which will combine the Singapore Institute of Technology campus
with technology firms including Boston Dynamics and is expected to support about 28,000 jobs (Urban
Redevelopment Authority, n.d.).
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Singapore’s TOD model is also underpinned by a long-standing financing and sequencing strategy. During
the construction of the original Mass Rapid Transit system in the 1980s, land sales generated billions in
public revenue that helped support infrastructure investment (Centre for Liveable Cities, 2014). That broader
logic remains visible in the Cross Island Line, which is planned as Singapore’s longest fully underground
rail line, with an eastern branch serving Punggol and a later phase extending towards the Jurong Lake District
(LTA, 2026¢; SGTrains, 2026).

The recurring principle across both periods is sequencing. Transit capacity is provided in anticipation of
future development and population growth, allowing land use, housing, employment and community
facilities to be organised around the network from the outset rather than retrofitted after urbanisation has
already taken place.

Case study 2: Copenhagen, Denmark

Copenhagen demonstrates how transit planning, urban development and infrastructure finance can reinforce
one another. Under the 1947 Finger Plan, development followed railway lines like the fingers of a hand,
while the spaces between those fingers remained green. This limits continuous urban sprawl and keeps nature
accessible to residents (Knowles, 2012; OECD, 2009).

Orestad applied this principle through an integrated financing model. In 1992, Denmark approved both the
new district and the Copenhagen Metro. The Orestad Development Corporation received approximately 310
hectares of public land. The City of Copenhagen owned 55% of the corporation and the Danish state owned
45%. The corporation borrowed from capital markets to build the metro and prepare the land for development.
Copenhagen and the state assumed joint liability for the debt, strengthening its creditworthiness. Once the
area had been rezoned, connected and serviced, development sites were sold at higher market values. The
proceeds helped repay infrastructure debt (OECD, 2007, 2009).

This was land value capture through public land ownership. The increase in value came from a combination
of rezoning, site preparation, public amenities, transport access and market demand. By the end of fiscal year
2006, land sales had generated DKK 4.6 billion, while outstanding debt stood at DKK 13.7 billion. The
experience also revealed substantial risks. Land prices initially rose by only 10% to 15%, against a projected



100%, while metro construction faced delays and cost overruns. Sales subsequently accelerated as
development progressed (Peterson, 2009).

Copenhagen later added a targeted metro fee. Under the City & Port development framework, properties
within 50 metres of a new station can be charged an annual property-based levy for 60 years. This allows

part of the benefit received by nearby property owners to support infrastructure investment (OECD et al.,
2022).

Copenhagen’s central lesson is clear. Publicly controlled land can generate revenue for transport
infrastructure when transit, zoning and development are planned together. Its success still depends on strong
public credit, property demand, careful sequencing and effective cost control.

Case study 3: Hong Kong, China

Hong Kong’s Rail plus Property (R+P) approach is one of the most extensively documented examples of
development-based land-value capture and offers an important equity lesson for Penang. For qualifying
railway projects, the Hong Kong government grants MTR Corporation development rights above or beside
Mass Transit Railway stations and depots at a land premium based on the site’s value without the proposed
railway. MTR then partners with private developers using the higher, rail-served value and receives an agreed
share of profits, completed assets, or upfront payments. These proceeds are intended to close the project-
specific gap between expected railway costs and revenues (Cervero & Murakami, 2009; Government of the
Hong Kong Special Administrative Region [HKSAR Government], 2021; Suzuki et al., 2015).

How Land Value Capture Works

Hong Kong’s Rail plus Property (R+P) Model
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The model has generated substantial, variable commercial returns. MTR’s profit attributable to shareholders
increased from HK$7.784 billion in 2023 to HK$15.772 billion in 2024, a rise of 102.6%. Property-
development profit climbed from HK$2.083 billion to HK$10.265 billion, while recurrent-business profit
rose from HK$4.281 billion to HK$7.210 billion. A HK$1.703 billion loss from investment-property
revaluation partly offset these gains. In 2025, attributable profit eased to HK$14.677 billion, representing a
6.9% decline (MTR Corporation Limited, 2025, 2026).

MTR also remains central to Hong Kong’s transport system. In 2024, it carried approximately 5.18 million
of the territory’s 11.7 million daily public-transport journeys, equivalent to about 44.3%. Its heavy-rail
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network recorded 99.9% train-service delivery and passenger journeys on time (MTR Corporation Limited,
2025; Transport Department, 2025). MTR’s investment commitments involve separate timeframes: more
than HK$65 billion was allocated to railway maintenance and asset renewal for 2023—2027, while more than

HK$100 billion was committed to new railway projects over the coming years (MTR Corporation Limited,
2023, 2024).

R+P’s financing logic also creates distributional pressure. The Hong Kong government has acknowledged
that R+P sites were generally used for private housing to maximise site value and bridge railway funding
gaps. Allocating part of a site to subsidised housing reduces the property profit available to finance the
railway (HKSAR Government, 2021).

Peer-reviewed evidence reinforces the wider equity concern. Liang et al. (2022) estimated that MTR
development between 2002 and 2004 increased the number of residents with bachelor's degrees or higher by
10% in the New Territories and 7.81% in new towns. The number of low-income households fell by 5.85%
and 7.53%, respectively. Their household-level analysis indicated that highly educated residents moved into
MTR-served areas while low-income households moved out.

Housing pressure remains substantial. As of June 2026, Hong Kong had approximately 100,500 general
public-rental-housing applications and another 81,000 applications from non-elderly single people under the
Quota and Points System. General applicants housed in standard public rental housing during the preceding
12 months had waited an average of 5.5 years (Housing Bureau, 2026).

The combined findings nevertheless show why Penang should integrate binding affordable-housing
requirements, public amenities, transparent value-sharing arrangements, and anti-displacement measures
into station-area development before improved accessibility raises surrounding land values.

4. Policy implications for Penang LRT

Penang does not possess Singapore's extensive public land holdings, Copenhagen's distinctive fiscal and
institutional foundations, or Hong Kong's extraordinary population density. It does, however, retain
significant authority over land use, which falls largely within state jurisdiction under Malaysia's
constitutional framework.

Its ability to finance major transport infrastructure is more constrained because most major sources of
taxation and revenue remain concentrated at the federal level (Yeoh, 2019). The Mutiara Line itself illustrates
this dependence: the project is being delivered within a federally funded budget ceiling of RM16.8 billion
(Carz.com, 2025a). Penang therefore cannot simply replicate the models of Singapore, Copenhagen or Hong
Kong. It must adapt their underlying principles to its own institutional and fiscal realities. Three
recommendations follow.

Multi-functional built environment

First, LRT station-area density should be functionally mixed, rather than simply high. Punggol shows that
dense residential development becomes more liveable and attractive when housing is combined with
childcare, healthcare, education, retail, recreation, and civic facilities.

Density alone is insufficient. High-rise housing concentrated along a major road may produce large numbers
of units, but it does not necessarily create an effective TOD catchment if residents still need to drive for
everyday needs or face poor walking access to transit (World Bank, 2018).

This also has a demographic dimension. OECD research suggests that affordable childcare and broader
family-support policies can reduce the practical and financial burdens of raising children, although fertility
outcomes are shaped by many wider social and economic factors (Fluchtmann et al., 2023).

Financing transit development



Second, land value capture should be built into station-area planning before confirmed transit improvements
are fully capitalised into surrounding land prices. With the Mutiara Line alignment and the proposed cross-
sea connection to Penang Sentral now under public review (Carz.com, 2026), Penang has an important
opportunity to establish value-capture mechanisms early.

These could include public land leasing, the sale of additional development rights, infrastructure
contributions, or other development-linked charges. Embedding such mechanisms before major rezoning
and land transactions occur would give the state a better chance of capturing part of the value created by
public investment.

Development sequencing

Third, sequencing is critical. Measures that make private-car use less attractive, such as lower parking
requirements, congestion pricing, or the reallocation of road space, can generate substantial political
resistance if introduced before residents have a credible alternative.

The more defensible sequence is to establish reliable public transport, safe and sheltered walking routes,
effective first- and last-mile connections, and everyday amenities near stations first. Demand-management
measures can then be introduced progressively once residents have experienced a practical alternative to
driving.

Penang’s historical baseline shows the scale of this challenge. A 2013 state survey estimated that, of roughly
225,000 peak-hour trips made by a population of 1.56 million, about 89% were by private vehicle and only
11% were by shared or public transport (Pejabat Setiausaha Kerajaan Negeri Pulau Pinang, 2013).

A 2014 survey found that 85% of respondents expressed willingness to pay for rail commuting (Lee & Cheah,
2014). This suggests that Penang’s central challenge may lie less in persuading people that public transport
is desirable and more in providing a system that is sufficiently reliable, connected, convenient, and
competitive with private-car travel.



POLICY IMPLICATIONS

FOR THE MUTIARA LINE

MULTI-FUNCTIONAL LAND VALUE DEVELOPMENT
DEVE'ﬂPMENT CAPTURE FINANCING SEQ@C'NG
More than just high-rise housing Capture value early, reinvest in transit Transit and connectivity first,

then manage car use

1. BUILD 2. MANAGE
THE ALTERNATIVE DEMAND

)
\& / = N
. A e (=) -
Housing Retail Childcare Vi 7 =

2 guias” % 4

Reliable Walkable Everyday Lower parking

A -‘ public  connections  amenities Congestion pricing

(R m ' transport near stations  Reallocate road space

'~ H—— (introduce gradually)

Healthcare Education Recreation 2013 BEACHOUR TRIS 2018 SUVEY

(1.56 million population)

0000 O=-0s
B i Private vehicle Willing to pay
\

for rail i
Publicland ~ Additional Infrastructure Development- & 1% e

\ ¢

o leasing  development contributions linked charges
Civic Library rights
facilities

Public/shared

5. Democratic will for TOD

The three conditions for successful TOD, high-density development, strong public transport investment, and
controlled private-vehicle demand, are difficult to create simultaneously. They require substantial resources,
institutional capacity, and, above all, sustained public support.

Failures to shift a city from car dependence towards public transport are often attributed to a lack of “political
will”. In a democracy, however, that explanation is incomplete. Elected governments operate within the
preferences and tolerances of the electorate. If a large share of the public rejects higher-density living,
opposes major spending on public transport, or resists higher parking charges, road pricing and other
measures that make private-vehicle use costlier, governments face real political constraints in pursuing such
policies.

Successful TOD therefore requires more than political will. It requires democratic will: sufficient and
sustained public acceptance of the trade-offs involved in changing how a city grows and how people travel.

This is why development sequencing is pivotal. In Penang, where private-vehicle ownership is deeply
embedded and fuel remains relatively affordable, an abrupt transition from a car-oriented city to a transit-
oriented one would risk strong public resistance. The transition must instead be phased. Public transport
capacity, feeder services, safe walking infrastructure and mixed-use station areas should be strengthened
progressively, giving residents credible alternatives before stronger measures to manage car use are
introduced.

Such a transformation may take decades. What matters is that each phase is deliberately timed so that the
benefits of the next stage become visible before its costs and constraints are imposed. TOD is therefore not
simply a planning model. It is a long-term process of building both the urban infrastructure and the
democratic consent required to sustain it.
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6. Redevelopment of matured areas

The Mutiara LRT will run through some of Penang’s oldest and most densely developed areas. Land around
many stations is already occupied by homes, shops, apartments and other buildings. To create effective
transit-oriented development (TOD), Penang may therefore need to redevelop some existing brownfield
areas.

The key legal issue needs to be clearly understood. Penang already has the power to acquire land and control
development. The greater challenge is redeveloping areas where land and buildings are owned by many
different people.

Under the Land Acquisition Act 1960, the State Authority can acquire land for public purposes and other
purposes allowed under the Act. Article 13 of the Federal Constitution also states that property can only be
acquired in accordance with law and with adequate compensation.

At the same time, land use and development are regulated through laws such as the National Land Code and
the Town and Country Planning Act 1976, primarily through the State Planning Committee and local
planning authorities.

The biggest challenge arises with ageing apartments and other strata properties. Under the Strata Titles Act
1985, voluntary termination of a strata scheme for demolition generally requires unanimous consent. This
means that redevelopment can be difficult when even one or a small number of owners do not agree.

The proposed Urban Renewal Bill 2025 sought to create a new framework for urban renewal, including
alternative consent thresholds. However, the Bill has not yet become law.

The challenge for Penang is therefore not whether it has the power to acquire land for the LRT or other public
purposes. The challenge is how to redevelop mature areas with many different property owners in a way that
is fair, efficient and legally sound. Any future framework for TOD-led urban renewal should make
redevelopment easier while protecting property rights. It should provide clear rules on compensation,
relocation, and rehousing of existing residents.

7. Building housing equity into the design

Land value capture relies on recovering part of the increase in land and property values generated by
transport investment. Around new stations, the same appreciation can raise rents and sale prices, attract
higher-income households, and place existing residents and small businesses under pressure. Penang should
therefore treat displacement risk as a central consideration when designing a transit-financing framework
based on station-area development (Delmelle, 2021; Suzuki et al., 2015).

Padeiro et al. (2019) reviewed 35 quantitative studies published between 2000 and 2018. They found some
evidence of transit-induced gentrification, while methodological weaknesses limited many causal
conclusions. Their review linked neighbourhood change to local market conditions, existing built-
environment characteristics, and accompanying public policies as well as transit development. A later
thematic review identified transit-induced gentrification as one of the principal justice concerns surrounding
TOD and emphasised greater protection and participation for disadvantaged groups (Yip et al., 2024).

Recent empirical studies have identified credible displacement risks in particular metropolitan contexts. In
Hong Kong, Liang et al. (2022) used difference-in-differences and household-level models to examine areas
served by new MTR lines. Their reported estimates showed increases of 10% in the share of degree-educated
residents in the New Territories and 7.81% in new towns. The estimated share of low-income households
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fell by 5.85% and 7.53% in those respective areas. Household-level findings also indicated that more highly
educated residents moved into MTR-served neighbourhoods while low-income households moved out.

Evidence from Shanghai strengthens this concern. Using a difference-in-differences design and individual
rental records, Deng et al. (2025) found significant rent increases within 1.8 kilometres of newly opened
metro stations during the following year. Renters living within station catchment areas were more likely to
relocate farther from metro stations, the city centre, and their workplaces. Incoming residents generally had
higher socioeconomic status. These findings demonstrate a credible displacement pathway without implying
that every transit project will produce the same result.

Other studies illustrate how transport and housing policies shape outcomes. Lin et al. (2024) found a positive
direct association between TOD intensity and transit mode share in gentrifiable Taipei neighbourhoods. Their
model also identified a potential indirect pathway in which gentrification, combined with rising car
ownership, could offset part of the ridership benefit. In the New York metropolitan region, Chen et al. (2023)
found that transit deserts were concentrated in disadvantaged neighbourhoods and that transit service had a
statistically significant association with gentrification.

Hong Kong also exposes an important tension in rail-property financing. In 2021, the Hong Kong
government explained that Rail plus Property sites had generally been developed as private housing to
maximise site value and bridge railway-funding gaps. Allocating such sites to subsidised housing would
reduce the property proceeds available for rail construction (HKSAR Government, 2021). These facts show
that a commercially productive rail-property model can coexist with severe housing pressure and create
incentives favouring higher-value private development.

For Penang, housing-equity protections should be enacted alongside any land value capture mechanism.
Station-area redevelopment rules should establish an enforceable affordable-housing requirement, protect
existing tenants, support affected small businesses, and reserve a defined share of captured value for
affordable housing and public amenities. Public authorities should monitor rents, property prices, tenure
changes, and residential movement from the announcement of each project onward.

Metropolitan parking, road-pricing, and vehicle-ownership policies should reinforce the transit investment
where local evidence indicates rising car ownership. Embedding these safeguards in the original legislation
would give Penang a stronger chance of distributing the benefits of improved accessibility across income
groups.

8. Conclusion

The Mutiara Line can become the backbone of a more connected, productive and inclusive Penang only if
the railway is planned together with the land, communities and development around it. Rail creates
accessibility. TOD determines whether that accessibility changes how people live, travel and access
opportunity.

This paper identifies three conditions for successful TOD: mixed and concentrated activity around stations;
safe, sheltered walking routes and effective feeder connections; and progressive management of private-
vehicle demand once credible alternatives are available. The experiences of Punggol, Copenhagen and Hong
Kong show how transport, land development and finance can reinforce one another, while also revealing the
risks of market failure, rising housing costs, and displacement.

Penang must adapt these lessons to its own circumstances. Its fiscal capacity is constrained, while many
stations will serve mature areas with fragmented ownership and ageing strata properties. Effective TOD will
therefore require five connected priorities: multi-functional station neighbourhoods, early land-value capture,
workable and fair urban-renewal mechanisms, carefully sequenced management of car use, and enforceable
protections for affordable housing, tenants and small businesses.

Ultimately, TOD is a question of governance as much as urban design. It requires coordination across
transport, land, finance, housing and social policy, supported by public confidence that the transition is
practical and fair.
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Building the Mutiara Line is the infrastructure project. Governing Penang’s growth around it is the
generation-defining task.
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